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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
4W20,000A Rodial-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

B66A Mercury Vapor Rectifier

872A Mercury Vapor Rectifier
Vacuum Capacitors

Variable Vacuum Capacitors

Finger Stock

HR Connectors

Application Bulletin No. 8

Quick Reference Catalog



Eimac

EITEL-McCULLOUGH, INC. F',EId
Engineers

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. O. 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 6-5-53
> Indicates change from sheet dated 12-1-50 Printed in U.S.A 2-70638
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AN EIMAC DEALER IS NEAR YO0U

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

ALASKA
Anchorage

Alaska Rodio Supply, Inc
Box 2279

Yukon Rudio Supply Inc
Box 406
Fairbanks

Yuken Radio Supply Inc
655 6ih Ave
P O Box 1385

Juneau

Alaska Radio Supply Inc
Box 2538

ALABAMA
Birmingham
Ack Radio Supply Co
2205 3rd Ave North

Jomes W Clary Co
1713 2nd Ave South

Forbes Distributing Co Tne
2600 3rd Ave South

Mobile

Harris Supply Co

10 North Woter St

P O Box 1009
Montgomery

Nolin Mclnnis Inc
205 Commerce S
P O Box 2229

Southeostern Radio Parts Co
210 Noith Court St

ARIZONA

Phoenix

Radio Patts of Arizona
214 South 11th Ave

Radio Specialties & Apphiance Corp
05 E Roosevelt

Western Radio & Enginesring Co
1915 East Washington St
Tucson
Eitiott Electronics Inc
418 North dth Ave
P O Box 5081
ARKANSAS
Biytheville

Blythevilie Radio Supply
112 South First $1

Ft. Smith

Wise Radio Supply
1001 Towson Ave

Little Rock

Curlton Wholesale Rodio e
109 West ¥th St
P O Box 828

Southern Radio Supply
1419 Main St

David White Rodio Suoply Co
1222 Mair St

Texarcana

Lavender Radio Suppty Co lnc
520 East 4th

CALIFORNIA
Bakersfield

Valley Radie Supp'y
716 Baker St

Burbonk

Fred 5 Dean Co
919 North Victory Blvd

Valley Electronic Supply Co

1302 W Magnalia Bivd
Fresno

Jack C Arbuckle

2330 Kein Ave
Glendole

Hagerty Radio Supply

6826 San Fernando Road
Los Angeles

Federated Purchaser lac

911 South Grand Ave

Henry Radio

11240 West Olympic

Kierulff Electronics Inc

A20 West Olympic Blvd

Radio Products Sales, inc
1501 South Hill St

Radio Specialhes Co
1956 Se Figuerca St

Rodio Television Supply Co
341 West 18th St

Shelley Radio Ca
2008 Westwoad Blvd
Long Beach

Fred S Dean Co
969 American Ave

Larry Lynde Efectronics
1526 Eost 4th St

Scott Radwo Supply, Inc

266 Alamitos Ave
Maywood

Kie1uIff & Company

6058 Walker Ave
Oakland

W D Brll Co
198 10th 5t

Electric Supply Co
140 1ith St

Palo Alto
Zack Radio Supply Co
225 Hamilton Ave
Pasadena

Dow Radio Supply Co
1759 E Colorado St

Electranic Supply Corp
2615 East Foothill Bivd
Sacramento

E M Kemp Co
115 R St

Sacramento Electric Supply Co
1219 5 St
San Bernardino
Kierylff & Company
1123 '~ Bose Lime ot L St
San Diego

Electronic Equipment Distributars
1228 2nd Ave

Shanks & Wright
2045 Kettner St

Western Radio & Telewision Supply Co
1415 Indin St
San Francisco

Son Francisco Radje Supply Co
1284 Market St

Zack Radio & Television
1426 Market St
Son Jose
Frank Quement, Inc
16) W Son Fernondo St
Sonta Ana
Rado & Television Equipment Co
207 Oak 5t
Santa Barbaro
Chonnel Radio Supply Co
§23 Anacopa St
Stackton

B J DeJainoh Wholesate Co
515 N Hunter St

COLORADO

Colorado Springs
Murray Radio Ca
9 East Vermyo
Denver

Inter State Rodio & Supply Co
1639 Tiemont Ploce

Radro Products Sales Ca
1237 16th St

L B Walker Radio Ca
854 Broadway
Grand Junction
Radio & Electronic Supply Co
511 Ute
Pueblo

L B Walker Radio Ce
2'8 W 8th 51

CONNECTICUT
Bridgeport
Hatry of Bridgeport Inc
1700 Main St
Martford
Hatry of Hartford, Inc
203 Ann St
R G Sceh Co
1249 Main St
New Britain
United Radio Supply Co
47-53 Eost Main St
New Haven

Thomos H Brown Co
15 25 Whiting St
Congress Rodio Co
207 Congress Ava

Dole Connechcut Inc
140 Ferey St,

Hotry of New Haven Inc
77 Broadway

New London

Aiksns Electronic Supply Co
428 Bonk St

Stamford
Hatry of Stamford inc
97 Mo St
Waterbury

The Bond Rodio Supply
439 W Maoin St

Hatey of Woterbury, inc
89 Cherry St

DELAWARE
Wilmington
Almo Radio Co
Cor 6th and Orange St

Rodio Electric Service Co
Bid and Totnall Srs

FLORIDA
Ft. Lauderdole
Goddard Distributors
2113 15 South Andrews Ave
Jacksonville

Kinkade Radio Supply
1402 Loura St

Southeast Audio Company
930 W Adoms St

Lakeland
Radio Accessories Co
1050 South Florida Ave
Miomi
Electronic Supply Co
61 NE 9th Sr
Herman Rodio Supply Co
1365 N'W 23rd St
Thusow Distributors inc
220/ NE 2nd Ave

Orlondo
Mammond Adams bic
9 South Terry S
Pensacola
Grice Radio & Electronic Supphes
360 E Wright S*
St. Petersburg
Cooper Radio Co
648 Second Ave So
Tallahassee
Thurow Distaibutors ine
739 North Monroe
Tampa

Kinkade Radio Supply
1707 Grand Central Ave

Radio Accessornies Co
137 9 So Fronkin St

Thurow Distributors, Inc
134 136 South Tampa St
West Palm Beach

Gaddard Distributors, Inc
1309 North Dixie

GEORGIA
Albany
Specialty Distributing Co
104 Pine Ave
Atianta

Specialty Distribuhing Co
425 Peaichtres St N E

Southeastern Radio Parts Co
400 W Peachtree St

The Yancey Company, ine
1500 Northside Drive N W
Augusta
Specialty Distributing Co
444 Reynalds St
Columbus
Radio Sales & Service Ca
1326 Fust Ave
Macon

Specialty Distribuhing Co
539 Arch St

Savannah
Specialty Distribuhng Co
411 E Broughton St
Southeasterr Radic Parts Co
38 Monlgomery St

HAWAII

Honoluly, T. H.

Precision Rudio Co
137274 So King St

Radio Wholesale & Supply Co
P O Box 3768

IDAHO

Boise

Craddaock s Radio Supply
1522 State St

Kopke Electronics Co
119 Peasley St

Idaho Falls

Schwendiman s Wholesale Distisbutors
3BOF Steet

ILLINOIS

Belleville
Lurtz Electric Co
210 North Hlinors St
Chicago
Allied Radio Corp
833 W tuckson Elvd
Chicage Radie Apparatus Co Inc
415 South Dearborn St
Green Mill Rudio Supply
145 west 111th St
Lukko Sales Corp
5024 lrving Park Rd

Newark Electric Co
223 West Madison St

Star Electrame Distributors Inc
7736 South Halsted 5t

Walker Jimieson, tnc
311 South Western Avq
Decatur
York Rudio Supply Corp
801 North Broadway
Elgm
Fox Electric Supply Co
67 6% Nor*h State St
Peoria
Klaus Radia & Electric Co
707 pain St
Quiney
Cooper Supply Co
935 Main St
Rockford

H & H Electronic Supply Inc
510 Kishwaukee St

Art A Johnson Sales & Service
117 Charles St

Mid West Associated Distributors
506 Walnut St
Rock island

Tri City Radio Supply Inc
1919 4th Ave

EIMAC TUBES ARE THE COUNTERSIGN OF DEPENDABILITY IN ANY ELECTRONIC EQUIPMENT
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Springfield
Woterlos
Harold Bruce ° MARYLAND
120 North 1 Farn: Rodi Jevisio
wi Iso: rs|, p:;yséo &3 m?;:ﬁ‘.:o & Televeson Baltimore ;‘{esd:,':;{f; ,ﬁ';‘::"“c Supply Co.
108 W, Jefferson St. Ray-Mac Radio Supply Co. Henry O. Berman Co . Inc.
INDIANA 200 Ballov S 12 East Lombard St. Battle Creek
KANSAS Kann-Ellert Electronics Inc. Electronic Supply Corp,
An;::::?,; . Pittsburg :::u“; Howard St. . 94 Hamblin Ave.
ris Radio Supp io Electric Service ay Ci
1331 Main §t. Y i"n'?"sl? yrwind chondcaeths « : Eltg i
A th Broodway Wh N inde Distributing Co.
ng ola Sali olesole Radio Porls Co., tac. 504 Washington Ave
Lakeland Radio Supply Ce. elina 33V west Bolimoce 3 Detroit .
South West and West Fleos.cnr Sts Zug’?’:lmdzi;: Rodio 3 Sepply Co. Cumberland M. N. Dufy & Ca
o 101 0t N
Evansville a e Zmmerland Wholesalers 2040 Gvunz River Ave. W,
Casirup's Topeka 162 Bediond $t. Rocho Electronic Supp! l;r C;A
1014 West Franklin St ‘Af;: ?loodli‘o Supply Hagerstown 1112 West Warren Ave.
Oio Valley Sound Service s h S1. 114 £. Woshington St. Redio Spacicllies Co
11 NLW. Riverside Drive 125 xf;“s:sﬂ:hw Ca. Inc. Salisbury 456 Charlofie Ave.
Wesco Rodio Parts e Flint
478430 P The Overton Electri Alma Rodio Co.
ennsylvanio St, 522 Jockson St.e S 219 Highland Ave. ggﬂfd Radio Speciolties
Fort Wayne Wichlta MASSACHUSETTS it
;12 svgayne Electronics Supply, Inc Amaleur Radio Equipment Co. Boston Grand quids
ast Main St. 1203 Eost Dou, ) DeMambi g i i
Pembleton Labo i 1111 Comm Radio Supply Co Radio Electranic Supply Co.
236 East Culuml;?r;;e;a,. . Interstate Eleciromc Supply Corp. Gi C‘;";"""*ed!h Ave 505 Jeferson Ave. S
) - 230 Ida, P. O Box 2018 eneral Eleciric Supply Cor
‘Worren Radio Co. = 145 Norih Beocon P Jackson
1716 South Harrison St Rodio Supply Co.
Indianapolis ronst 1125.27 East Dowglos :‘;n go‘::»'ﬂf ofMoss. Jc ;?5“{:/: T%o flupp!v o
Grahuﬂ Electronics Supply, | KENTUCKY The Lovis M:kalllﬂn C wcortons
102 S, Pennsylvanio St.pp v, Lexington 885 Boylston St. > Kalamazeo
Meunier Radia Supply Co. Electronic Distnbutors A. W. Mayer Co. Electronic Supply Corp.
594 North lllnors v Lo 134 West 3rd St. 895 Boylston St. 906 Eost Michigan Av):.
Rodio Distributiag Ca. Kentucky Radio Supply Co. Rado Shack Corp. Ralph M. Ralston Co
1013 Nesth Capitol Av, 376 Eost Moin S1. 167 Washington St. 201 North Park 5t
Lafayette o e Co. '.’7.‘,"2,‘3" aleymantan Lansing
Holmes Radio § . g N
AR upply Co., Inc. Louisville Brockton %3‘;??"-%5"“"" Supply Co.
P e Wore Rodko Sepply Co. ost Michigan Ave.
Radio Sunmly of M 911 West Broadway 913 Center S1. Larium
ie Sy of - 0
305 Nor&%\radiso:nm.l e g'sms::;?: Sol Sevply Co. camb"dge Hortes fade
Stondord Radio Parts € ) The Eastem Co
N South W el 620 Memorial Drive Muskegon
Alexandrio Blectrical Supply Corp. ‘F‘zﬁnlqck Electric Supply Co.
Peru Centrol Radio Supply Co. 1739 Mossachusefts Ave, rwin Ave , Cor. Wood
Chagamon Radio 509 Monroe SY. Fitchburg ?oll.l.aurlm Elacironics, Inc.
Chingaman Radio Baton R ch 839 Peck St
Richmond ouge pe try & Young of Fiichburg, Inc.
Cl 'On Elecltonic Supply Co. 0 Water 5t Pontiac
;?;Isco&;e;:;"i"n Distributing Co. 751:53 North 21st St Holyoke Electronic Supply Co.
uth 5th St. Lafayette Ockes Electrical Supply Co 248 Eost ik St.
B 7
South Bend Rolph’s Radyo Electronsc Supply ‘mlﬁm SS. MINNESOTA
Colfox Co, | 3009 Comeron St A Duluth
y Inc.
802 South Main SI. Lake Charles L0me'?: : ’ . Lew Bonn Company
Redia Distributing Co. Wholesale Radio Equipment Co. et
Monras and Carroll $ts. 230 Bilboo St. g{{m';‘g af Lawrence, Inc. Northwest Radio
Terre Haute Monroe N - 123 Fout 1 1
Archer & Evinger Hole & McNeil ew Bedford Minneapolis
1216 Wabash Ave. 421 Walmi §1 lci %:ed‘""'{" Co. Lew Bann Company
Terre Haute Radio New Orleans . mmercial St. 1211 LoSulle Ave.
501 Ohio St Columbio Radio 8 Supply C lﬂ-sﬁeld Electronic Center, Inc.
IOWA 3940 3rd St y Co. :;mﬁtldlﬂndioCo. 107 - 3rd Ave. No.
Cedar Ra pi ds Elecironic Ports C West St, Northwest Radio & Elect,
orp . ctromc Supply Co
Gifford Srown, Inc, 205207 North Brood Sp;'mgﬁe!d :i fko;lhdi"zlh st
106-108 Fiest §t. S.W, :g;ﬁo Parts, Inc. Jg‘ﬁiﬁiﬁ“ s 7l Sou!‘I: ]';jlgplr co
Council Bluff: v naton > )
World R au Ls Shuler Supply Co. Hary & Young of Springfietd, Inc. St. Paul
Yol s s ot - ALELL LR 169 Spring . Lew Bonn Co.
Davenport ay Shrevepori ;‘;T Electrical Cacp. 141:147 West 7th St
i Worthinglon St
Tri-ChP: dios Intersiote Elediric Co. of Shreveport. Inc. Soundeo El:: . ?::ﬁhd,:‘c
3% E:n i":‘;’ upply, Inc. 630 Spring i, 2 yrein St“mc Supply Co. lorth Robert §t.
Koelemoy Soles . .
Des Moines 220 Crockett S1. ce. igsnrsgﬁd: 'g"‘di" Co. MISSISSIPPI
IG2iﬂ'o|d Brown, Inc. MAINE Mm;i:s ..Ele . Jackson
'l<.$ Grand Ave. Aub 46 Vo mpdmesr. cteic Supply Co. Swan Distributing Co. [ne.
Radia Trade Supply Co. S We BN Ao SR (D Er AL
1224 Grand Ave, Radio Supply Co., Inc. lorcester
Dubugque . 26 Cross St. DeMombro Radio Supply Co,, Inc. MISSOURI
o Ban 222 Summer St Butler
Boe Distcibusing Co. gor Rodio Electronic Sales C
498 North Grandview Ave. Rodio Service Laboratory 52 Chandler Slc st Hanry Redio
Sioux Cit 76 Exchange St. S 211 Notth Main St
— :' Ce Poriland :;dn':m'm" Supply Co. Cape Girard
ukes Radio Co, mas 5t. eau
200 . éth 8, Maine Electronic Supply Co Svedek
5 P MICHIGAN edekum Electromie Supply Co.
28;/?: City Racha Co. :.;I.Aﬂ;:vmn e Ann Arbor 902 Soulh Sprigg St - F, O, Box 221
ones St. o rice Laboratn i
1004 Congress St. & Purchase Radio & Camera Shop Jophn
405 Church St 4-State Radio & Supply Co.
201 Mgin St,




Ransas City

Burstein-Applehee Company
1012-14 McGee 5t

Continental Electsic Co.
1321 West 13th St

Electro-Crafts
1305 Swift, North

Radiclab
1612 Grond Ave.
Poplar Biuff
Tri-State Rodio & Supply Co.
118 Bortleit St
St. Joseph

Acme Radio Supply
110 North 9th St.

St. Joteph Radia & Supply Co.
922-24 Francis St.
St. Louis

ArKa Enginserng, Inc.
1319 South Vandeventer

Walter Ashe Radio Co.
1125 Pine SI.

Interstate Supply Co.
26 South 10th St.

Rodanics
5040 Eastan Ave.

Van Sickle Rodio
1113 Pine 5.

Springfield

Harey Reed Radio & Supply Co.

805 Boonville Ave.

MONTANA
Billings
Electronic Supply Ca
214 - 114h St West
Butte
Smith Supply Co.
425 So. Arizona St.
Great Falls
Gea. Lindgren Co.
P.O. Box 966
Missoula

Norlhwest Disiributors
509 South Higgins Ave.

NEBRASKA
Lincoln

Hicks Rodio Ca.
1422 Q7 St

Leuck Radio Supply
243 South 11th 51,

Omaha

3. 8. Distribuling Co.
1616 Coss St

Omaha Applionce Co
18th ond St. Mary's

Radio Equipment Co.,
2852 Douglos St

Scottsbluff

Joaguim Rodio Supply, Inc.
1913 Broadway « P. O. Box 67

NEVADA
Reno
Ed. Heim Rodio 8 Elecironoies
1185 Wells Ave.
NEW HAMPSHIRE
Concord
Evans Radio
P.O.Box 312
Dover
American Rodio Carp.
510 Centrol Ave,
Manchester

DeMambroe Radic Supply Co,
1308 Eim St.

Radio Service Laboratory
670 Chesinut St.

NEW JERSEY
Atlanfie City

Almo Radio Co.
4401 Ventner Ave

Rodio Eleciric Service Co.
406 Morlh Albany
Camden

Almo Radio Co.
1133-35-37 Haddan Ave.

Radio Electric Service of N. 1., Inc.
513.515 Cooper St.
Newark

Continental Sales Co. Inc.
Bloomfield Ave. ot North 11th St

Federated Purchaser Corp.
114 Hudsan 5t. of Centrol Ave.

Aaron Lippman & Co
99-107 Nework St.

Radio Wire-Television, Inc.
24 Cenlrol Ave,

Westinghouse Eleciric Supply Co.
528 Ferry St.
New Brunswick
William Radic Supply Co.
1861 Woodbridge Ave., Route 43
Trenton

Allen ond Hurley
25 South Warren St.

NEW MEXICO
Albuquergue

Radio Equipment Ca.
523 East Central Ave.

L. B. Walker Radio Co., Inc,
114 West Gronite Ave.
Roswell

Supreme Rodia Supply
129 West 2nd 5t

Santa Fe

A-1 Communications Supply Co
110 West Polace Ave.

NEW YORK
Albany

Fert Orange Distributing Co.
904 Broodwoy

E. E. Toylor Co.
465 Central Ave.
Amsterdam
Adirandak Radio Supply
P.O.80x 88
Binghamton
Federal Radio Sales & Supply Corp.
188 State St

Brooklyn

Peerless Electronics Oistributors Corp.

76 Willoughby St
Buffalo

Dymac, inc.
2329 Main St

Genesee Radio & Parts Company
205 Genesee St.

Radio Equipment Corp.
147 Genesee 5t

Coriland
C. A. Winchell Radia Supply Co.
37 Central Ave.
Fredonia
Barker-Hijgbee, Inc.
27 Water St,
Hempstead
Stendard Parls Corp,
277 No. Franklin St.
lthaca
Stoliman of khaca, Inc.
123.131 South Tioga St.
Jamaica, L. I

Harrison Radio Corporotion
172-31 Hillside Ave.

Narman Redia Distributars, Inc,
24-29 Merrick Rood

Peerless Radio Distributars, Ine.
92.32 Merrick Road
Mount Vernon

Davis Rodic Distributing Co.
46 East 3rd St.

New York City

Arraw Electronics Co
82 Cortlondt St.

Electronics Center Tng.
118 Duone St

Federated Purchoser
66 Dey Si.

Grand Central Radio
124 Eost 44th St

Harrison Rodio Corp.
225 Greenwich SI.

Horvey Rodia Co. Inc.
103 West 43rd St

Kudson Radio & Television Carp.
48 West 38th St

Hudsan Radio & Television Corp.
212 Fulton St.

Life Electronic Sales
345 Broadwoy

Midway Rodia & Television Corp.
80 West 45th §t°

Milo Radio & Electronics Corp.
200 Greenwich St

Radio Wire Television, Inc.
100 - 6th Ave.

Sanfard Electrenics Corp.
157 Chambers St.

Sun Radio & Electranics Co., Inc.
122-124 Dyane St

Terminal Radio Carp.
85 Carilond! St.
Rochester

Hunter Electronics
233 Eost Ave.

Mosline Radio & Electranic Equip. Co.
192-196 Clinton Ave., North

Rochester Radio Supply Co
114 St Pawl 5t.

Sytacuse

W. E. Berndt
455 South Warren St.

Rodio Supply Co.
200 Walton St.

Stewart W. Smith, Inc.
325 East Woter St
Utica

Beacon Elecironics, Inc.
14 Catherine St.

Vaeth Electric Co.
35 Genesee 5.

Woatertown

Beacan Electronics, Inc.
108 Lincoln Bldg

White Plains

Weslchester Electranic Supply Co.
420 Momeronock Ave.

Yonkers

Yonkers Electranic Supply, Inc.
541 Nepperhon Ave.

NORTH CAROLINA

Asheville

Freck Radio & Supply Co.
38 Bilimore Ave.

Charlotte

Bixie Rodio Supply Ca., Inc.
715 West Moreheod

Show Distributing Co.
205 West st St.

Southern Radio Corp.
1625 West Morehead
Greensboro

Johannesen Electric Ca.
312-14 North Evgena St.

Southeastern Radio Supply Ca.
404 North Eugene St.
Raleigh

Radia Amoteur Center
411 Hillsbore St.

Sautheastern Rodie Supply Ca.
415 Hillsboro St.
Winston-Salem

Dolten Hege Rodio Supply Co.
924 West 4th St,

NORTH DAKOTA
Fargoe

Bristo! Distributing Ca,
419 NP, Ave.

Fargo Radio Service Co.
515 - 3rd Ave. North

OHIO
Akron

Olson Radie Waorehouse, Inc.
73 East Mill St.

The Sun Rodio Co.
110 East Morket St.

Ashtabula
Marrison’s Redio Supply
331 Center St
Canton

Armstrong’s Electronic Center
1261 Cleveland Avenue Narthwest

Wireless Radio & Television
117 -12th S1, NE

Cincinnati

Chombers Electranic Supply Ca., Inc.

1667-71 Centraf Parkwoy
Herrlinger Distributing Co.
15th and Vine Sts.

Hughes Peters, Inc.

1128 Sycamore 5t

The Mytronic Co.
121 West Central Parkway

The Schuster Electric Co.
319-21 East 8th St.

Steinberg's, Inc.
633 Walnwut St.

United Radio, inc.
1314 Vine SL.

Cleveland

Narthern Chia Lobaorotaries
2073 West 85th St.

Pioneer Radio Supply Corp.
2115 Prospect Ave.

The Pragress Rodio Supply Ca.
415 Huron Road

Rodio & Electronics Part Corp.
3235 Prospect Ave.

Winteradio, Inc.
1468 West 25th St.
Columbus

Hughes-Peters, Inc.
111-17 East Lang St.

Thompson Radio Supplies
182 Ecist Long St
Dayton

Hughes-Peters, Inc.
300 West 5th ol Perry

Srepco, Inc.
135 East 2nd S

Stotts-Friedman Co.

420 South Mein St
East Liverpool

D & R Radio Supply

631 Dresdon Ave.
Lima

Lima Radia Parts Co.

600 North Main St.
Springfield

Eberlie's Radlio Supply

522 West Main St

Stondard Radio—Springfield, Inc.

119 West Main Si.
Steubenville

D & R Radio Supply

156 South 3rd S.
Toledo

The H & W Auto Accessories Ca,
26 North 11th St

Lifetime Electronics
150105 Adams S1.

‘Warren Radio Compony
1320 Madison Ave.
Youngsfown

Redio Parts Co.
230 Boardman St.




Ross Radio Company
325 West Federal St.

OKLAHOMA
Oklahoma City
Radic Supply, Ine.
724 North Hudson
Tulsa

Elecironic Supplies
219 Eost st St

Industriol Elecironic Supply, Inc.

1124 East 4th St

Qil Capitol Electronies Carp.
923 East 4th St

Radie, Inc.
1000 South Mdin St

S& 5 Radio Supply Co.
721 S, Detroit St.
OREGON
Eugene

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

United Radio Supply, In¢.

179 West 8th St.
Medford

Ver) G, Walker Co.

P, O.Bax 1586
Poriland

Central Distributors

1135 5.W. Washington St.

Fleming & Company

N.W, Broadway af Flanders

Harper-Meggee Ca

1506 M.W. Irving St.

Lov Johnsen Co., Inc,

422 N.W. 8ih Ave,

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

Pacific Siotionery Wholesole Radio Dept.

414 S.W. 2nd Ave.

Partland Radie Supply Co
1300 West Burnside St.

Stubbs Electne Co.

33 NW. Park Ave,

United Radio Supply, Ine.

22 NW, 9th Ave,
Salem

Leu Jahasen Company

1051 South Commereial St.

PENNSYLVANIA

Altoona

Hollenback's

2221 3 § Eighth Ave,
Bethlehem

Buss Radio Electric Supply

61-63 East Broad St
Erie

1.V, Duncombe Co,

1011 West 81h St

Worren Radio, Inc.

12th and Slate Sts,
Harrisburg

Radio Distrbuhing Co.

918 South 13th St.
Philadelphia

A, €. Radio Supply‘Co.
1539 West Passyunk Ave.
Alme Radio Co.

509 Arch St

Almo Radio Co,

6208 Marke? St

Almo Radio Co,

412-16 Narth éth St
Consolidated Racko Co.
612 Arch St.

Herbach & Rodeman, Inc.
1205 Cuthbert St.

M & H Sporting Goeds Ce,
512 Market St

Radio Efectric Service Co.
N.W. Car. 7th ond Arch Sis.

Radic Electric Service Co. of Penna., Inc.

3412.14 Germantown Ave,

Albert Steinberg & Company
2520 Marth Broad St.

Evgene G, Wile
218 South 11th §t.
Pittsburgh

Cameradio
1121 Penn Ave,

12-1.52

M. V. Monsheld Co,
937 Libesly Ave.

Radio Parts Company
6339 Penn Ave.

Tydings Compony

5800 Baum Blvd,
Reading

George D, Borbey Co.

2nd and Penn Sts,
Scranton

Fred P. Pursell

548-50 Wyoming Ave.

Scranton Rodio & Television Supply Co.

519:23 Mulbersy St.

Uniontown

Zimmerman Whalesalers
55 Margantown Si.

Wilkes-Barre
Radio Service Co.
346 South Main St
Williamsport
Williamspert Rodio Supply
518 Whst 3rd S5,

York

York Radio & Refrigerotion Parts

263 West Markel St.
RHODE ISLAND
Providence

‘Wm. Dandreta & Co.
129 Regent Ave,

DeMambro Radio Supply Co.
90 Broudwoy
W. H. Edwords Co.
94 Broodway
SOUTH CARDLINA
Charleston
Radia Loborotaries
215King Si.
Columbia

Dixie Radia Supply Co., Inc.
1700 Laurel St.

Southeostern Rodio Ports Co.

1513 Taylor $t.
Greenville

Dixiz Rodio Supply Co., Inc.

22 South Richordsen $t.
Spartanburg

McElhenney Co,, Inc.
204 5, John S,

SOUTH DAKOTA
Aberdeen .
Burghardt Radio Supply
P. O. Box 342
Sioux Falls

Power City Rodlio Ca.
209 Soulh st Ave,

Watertown
Burghardt Radio Supply
P. O.Box 41
TENNESSEE
Bristol
Roden Electricol Supply Co.
104 East State St
Chattanocoga
Specially Distribuling Co.
135 Market $).
Jackson
L. X, Rush Company
103 Highland
Kingsport
Chemcily Rodio & Electric Co.
1019 Brisio) Highwoy
Knoxville

Chemcity Radio 8 Electric Co.
12 Emory Park

Roden Electrical Supply Ca.
808 North Centrol Ave.

Memphis

Bluf City Distributing Co.
905 Unian Ave,

Lavender Radio Supply Co., Inc.

180 South Cooper St.

W & W Distributing Ce.
639 Madison Ave,

TEXAS

Nashville e Rewas Radio Supely
wvenue
Braid Electric Co.
1100 Demonbreum S. McAllen
Hecira Distributing Co. Rio Radia Supply Ca,
1914 West End Ave. P.O.Box 168
San Angelo
Abilene Gunter Wholesale Co.
R & R Elecirome Co. 606 South lrving St - P, O, Box 1505
802-4 Wolnut St San Anfonio
Amarillo Amateur Headquarters & Supply
R & R Elecironic Ca. P. O. Box 5086, Beacon Hill Station
707 Adoms S\ Eleciranics, Inc,
West Texas Radio Supply 414 braadwoy
1026 West 6th St. Missian Radio, Inc
Aushi P. O. Box 2487
oAl U Radio & Televition Part Ca
The Horgis ﬁm 118-20 Seventh St.
ALTLES fio Radio Supply Co.
Beaumont 818 San Pedra
Mantague Rodio Distribuling Co. Stcous-Fronk Compony
740 Lowred St. 301 South Alores St,
Brownsville Tyler
Electronc £ & En ing Co Laveddec Radio Supply Ca.
1152 East Madison St 502 East Oakwood
Corpus Christi Waco
eV Co.  TheHargis Co, lnc,
805 Soulh Staples S1. " 1205 Washingtan Ave.
Wicks-DeVilbiss Co. Wichita Falls
513-15 South Staples St. Clark & Gose Radio Supply
L e
Crabtree’s Wholesale Radio sl lbaiAty
2608 Ross Ave. kel o3 L
Industrial Eleclvonic Subply, lnc.
134 Leshio St. UTAH
Ra-Tel, Inc. Ogden
2402 Ross Ave. Ballard & Carter Co.
Southwest Rodio Supply 2428 Gramt Ave.
m:_mt*m = Salt Lake City
sHIRICR o8- O'Loughlin’s Radio Supply Co
P.0.Box 1169 113 Eoxt Broadway
Denison Rodio Supply Co.
. Denison Rodio Supply 157 Motor Ave,
310 West Woodord St S.R. Rass, tne.
CC Mol e -
811 Nosth Esteello 531 South Stote St
Midland Specially Co.
425 West Son Anlonio St. V’RG.lNIA
Briste!
Reeves Radio Supply R .
720 North Stanlan 1. g;md M;’ Supply Corp.
Fort Worth Lyachb e
Elecirome Equipment Co. yachburg
917.19 Alorence St. Eastern Electnc Ca.
Ft. Worlh Radio Supply Co. 920 Commerce $t.
1201 Commerce $1. Norfolk
Scooler’s Radio Supply Co. Radio Equipment Co.
509 Commerce St. B21 West 215 St;
Bill Sultan's Wholesale Elecirores. Radio Parts Distributing Co.
Cammerce at 5th St. 128 West Olney Rood
Houston Radio Supply Ca.
. 711 Granby St
Busacker Elecironic Equipment Co. .
1721 Waugh Drive Richmond
Elechionic Ports Ca. The Arnold Company
3508 Crawford St. 2810 West Marshall St
Geophysical Supply Ca. Rardio Supply Compony
P.O Box2214 3302 West Brond St.
Robert E- Franklin Co. Wyatt-Cormick, lac.
1905 Charires St. Groce at 14th $t,
Gulf Coost Electronics
1110 Winbern St Lo
H. C. Baker Sales Co,, Inc.
R.C &L.Hall, Inc, 19 Fronklin Raad
1219 Caroline Si.
Harmson Equipment Co. WASHINGTON
1422 Son Jocinta St. Bellingham
Houston Rodio Supply Co., Inc. Waitkus Supply Co.
Clay of Lobranch 110 Grcml%lz.
Lenert Compony
2213 Congress Ave. Everett
Sterling Rodio Products Co. Pringle Radio Wholesale Co
1516 racKinney Ave, 2514 Colby Ave.
Stvaus-Fronk Compony Seottle .
4000 Leeland Ave. Alaska Radio Supply, Inc.
1844 Westlake Ave. North
Laredo Electronic Supply Col
rp.
Guarontee Radio Supply Ca. 6305 - 49th Av'lyaw}.’
1314 ltwebide St
Horper-Meggese, Inc.
Ll.lbbod( 960 Republican St.
«R&R Supply Co., Inc. Radia Producs Soles Ca., fnc
706 Main St 1214 First Ave.

Saattls Rodie Supply, lnc.
2117 Secand Ave.

Western Electronic Supply Co,

717 Dexter Ave.

Westlake Elecironic Supply

511 Wastlake Ava., North

Herb E. Zobrist Co,

2121 Wesiloke Ave.
Spokane

Columbia Electric & Mfg. Co,
South 123 Wall St

Harpar-Meggee Co.
North 734 Division

Northwest Electronics Co.
North 102 toaroe St.
Tacoma

€ & G Radio Supply Co.
2502-6 Jefferson Ave.

A T. Stewart Co
743 Broadwoy

Walla Walla
Kar Radio & Electcic Co.
12th and Pine Sts,

WASHINGTON, D. C.

Cepitol Radia Wholesclers
2120+ 14th St N'W,

Electronic Wholesclers Inc.
2348 Sherman Ave. N.W,

General Electric Supply Corp,
705 Edygewood Sh NLE,

Kenyon Radio Supply Company
2020 - 14th S8 NW.

Rucker Radia Wholasalars
1312- 14th S5 NW,

Southern Wholesalers, Inc.
707 Edgewood St M.E.

Sun Redio
938 F" SLN.W.

WEST VIRGINIA
Charleston
Chemcity Radio & Elecine Co,
103 Clandenin St,
Clarksburg
Trenton Radio Co.
791 Pike St
Huntington

Electronic Supply, Inc.
422 Eleventh St.

King & frwin Inc.
316 Eleventh St.
Morganfown

Teenjon Radio Co.
300 Grant Ave.

Wheeling

Generol Elecironics Distnbutars, inc.
26 Tenth St

WISCONSIN
Appleton

Appleten Rodio Supply Co.
1217 Narth Richmond $t,

Valley Radia Distributors
518 North Appleton St.

Madison

Scterfleld Radio Supply

326 West Gorham St
Marinette

G. M, Popkey Co.

Mo at 9th St.
Milwaukee

Central Radio Ports Co.
1723 West Fond du Lac Ave.

Electeo-Pliance Disirbutors, Inc,
2548 West Lisben Ave.

Radie Parts Co., Inc.
536-38 West State Si.
Wavusau

Radio Service & Supp!y Co.
615 Third St

WYOMING
Cheyenne

Houge Radio & Supply Co. ~
2008 Corey Ave,




VACUUM TUBES

TUBE TYPE PRICE
2-01C $ 1525
2-25A 11.00
2-50A 13.75
2-150D 19.25
2-240A 66.00
2-2000A 214.50
2C39A 34.00
3K20,000LA 2,975.00
3K20,000LF 2,975.00
3K20,000LK 2,975.00
3W5000A3 198.00
3W5000F3 198.00
3W10,000A3 957.00
3X2500A3 198.00
3X2500F3 198.00
3X3000A1 198.00
4-65A 20.00
4-125A 30.25
4-250A 41.25
4-400A 60.50
4-1000A 132.00
4E27A/5-1258  35.75
4PR60A 90.00
4W20,000A 1,850.00
4X150A 48.00
4X150D 48.00
4X150G 54.00
4X500A 121.00
4X500F 93.50

TUBE TYPE

6C21
KY21A
RX21A
257
357
357G
75TH
75TL
100TH
100TL
152TH
152TL
250R
250TH
250TL
253
304TH
304TL
450TH
450TL
592/3-200A3
750TL
866A
872A
10007
15007
20007
8020(100R)

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

VACUUM CAPACITORS

TYPE

vCé6-20
vCés-32
vCi2-20
VC12-32
vC25-20
VC25-32

PRICE

$15.00
17.25
16.50
20.00
20.00
23.25

TYPE

vC50-20
VC50-32
VVC60-20
VVC2-60-20
VVC4-60-20

PRICE

$ 24.25
27.50
66.00

147.50
284.00

ALL PRICES SUBJECT TO CHANGE WITHOUT NOTICE

PRICE

June 1, 1953

HEAT DISSIPATING CONNECTORS

TYPE PRICE
HR-1 $ .60
HR-2 .60
HR-3 .60
HR-4 .80
HR-5 .80

TYPE PRICE
HR-6 $ .80
HR-7 1.60
HR-8 1.60
HR-9 3.00
HR-10 1.60

AIR SYSTEM SOCKETS

TYPE

4-400A /4000
4-400A /4001
4-400A /4006*
4-1000A /4000
4-1000A /4001
4-1000A /4006*
4X150A /4000
4X150A /4001
4X150A/4006*
4X150A/4010
4X150A /4011

PRICE

$16.00
12.00
6.00
22.50
17.00
7.50
18.00
17.50
.60
20.15
19.70

*Replacement Chimneys

PREFORMED CONTACT FINGER STOCK

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

PRICE

- $1.65/ft.
- 1.80/#t.
- 2.00/ft.

VACUUM PUMP & GAUGE

TYPE
HV-1
Pump Oil - Qt.
100 IG

PRICE

$125.00
5.00
22.50

VACUUM SWITCH

VSs-2
12V Coil
24V Caoil

PRICE
$13.25
11.75
12.50

Printed in U.S.A. 4-7109|



Tube Type

®
” EITEL-McCULLOUGH, INC. Numbering
- SANBRUNO, CALIFORNIA i . x
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 212 kw forced-
air cooled Eimac triode, type number 3X2500A3, is broken down as follows:

3X2500A3 .

Mu Group

Number of Electrodes Plate
2 Indicates Diode : Dissipaﬁon 1 Indicates mu from O to 10.
3 Indicates Triode (Watts) Indicates mu from 11 to 20.
4 Indicates Tetrode 3 Indicates mu from 21 to 30.
5 Indicates Pentode etc.
ete.
Description
*R or -~ Radiation cooled, 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- interf:hangeable 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. 64582



Eimac Tube Type Numbering System for
Velocity Modulated Tubes

{Klystvon, Travelling Wave, efc.}

To illustrate the method of coding and the information the typs number
conveys, the Eimac § kw output Klystron for the lowest third of the UHF tele-
vision band, fype number 3K20,000LA, is broken down as follows:

3
At
-

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-

kiysiron 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- i " electrically or physically.

ing “zern"” cavities because there are
ne well defined interaction regions.

‘é"
Type of Tube

K Klyston

TW Traveling Wave Frequency Band

P¥  Pulse Elystron, Predominately an L-band tube

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

Printad in U.S.A, 1.7153t



APPI.-ICATION BULLETIN

EITEL-McCULLOUGH,

SAN BRUNO., CALIFORNIA

NUMBER 5

TUBE
PERFORMANCE

INC. COMPUTOR

DETAILED INSTRUCTIONS

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
operatmg 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
DC PLATE

(AVERAGE)

POSITIVE

VOLTAGE -=-O-= VOLTAGE

N\ /
7

GRID VOLTAGE
AT ANY INSTANT

\ /UME——

DC GRID
BIAS
(AVERAGE)

NEGATIVE

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.”
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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.

Figure 1

Figure 3

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

COPYRIGHT 1952, EITEL-MCCOULLOUGH, 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
instance, two, or three times the frequency) the
power delivered will be due to a harmonie 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 Eimuc 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=.+=ss7 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

| Paée Two

operating line is a simple Lissajon figure, has been
described by Brown.e
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 70% 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
wattls 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 fo the curves of the
4-65A. we decide to use a DC grid bias voltage
of -120 volis.

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-

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 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:

Crossing of Nagl]éf;;d Instantaneous Values of Currents
line Formulas Plate Sereen  Control Grid
OA - A 500 Ma 165 Ma 60 Ma
OB B 510 100 50
oC C 460 25 30
ODb D 290 5 14
OE BE 80 0 0
OF r 0 0 0

Now in order to obtain the DC value of plate,
sereen, 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 A4+B+C+D4E4F)

Plate Screen Control Grid

250 Ma 82 Ma 30 Ma

510 100 50

460 25 30

290 5 14
__ 8 - —_
Total 1590 Ma 212 Ma 124 Ma
DC Current—l/lz Total=

132 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+1 9353+1 13 C+1 41 D+E-40.52 F)

193 B=1.93x 510_985
1.73 C=1.73x 460=796
1.41 D=1.41x 290=409
E= 80=380
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 krnown as the peak value of
the RF voltage. Because the plate voltage swings
from 2000 volts down to 250 volts the peak RE
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 volfs. This is a peak swing of 220
voits ‘and the peak RF grid .voltage is 220 volts.

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

Output power=%% 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=% x .230 x 1750= 201 watts,

and Input Power=DC Plate Current x DC Plate Voltage
=.132%2000 =264 waits

Plate Dissipation =DC Input Power - RF Output Power

=264 -201 =63 watts

—=RF Output Power divided by

DC Input Power
=201/264 =76%

Driving Power =DC Grid Currentx Peak RF Grid Voltage
So the Driving Power—.010x 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 grld or 22 -12 = 1.0

Efficiency

- watts.

The power d1ss1pated 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 walfts:

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

DC Plate Voltage 2000 Volts | Driving Power 2.2 Wafts
DC Screen Voltage 250 Volts | Grid Dissipation 1.0 Watts
DC Grid Voltage —120 Volts | Sereen 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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APPLICATION BULLETIN NUMBER 5

R &5 TUBE
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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 (0.5A4+B+C+D+E+F)
Peak Fundamental RF 1/12 (A4193B+1.73C+1.41D+E+40.52F)
Peak 2nd Harmonic RF (Approx.)* 1/12 (A41.73B4+C—E—1.73F)

D Peak 3rd Harmonic RF (Approx.)®* 1/12 (A+41.41B—1.41D—2E—1.41F)

Output Power—'% 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.

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

GUIDE LINES
F

B s
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4-65R

RADIAL-BEAM

EITEL-McCULLOUGH, INnC. g
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) - - - - - - - ..o - -5
Direct Interelectrode Capacitances (Average)
Grid-Plate - - - - - - - - - - - - _ - - - 008 ufd
lnput - - = o S - o - - = o S - = = - - 8.0 ,U.,Lfd
Output - - - - - - - - - - - .. - .20 pufd
Transconductance (ib—=125ma,Eb=500v,E,=250v.) - - - - - . 4000 umhos
Frequency for Maximum Ratings - - - = - - = - - - - - 150 Mc.
MECHANICAL
»B o Fi {Notionol HX-29 Socket
ase - - - - - - s s s s O pin—Fits | ohneon 122-101 Socket
Mounting - - - - - - - - . . . . . . . Vertical, base down or up
Cooling - - - - - - o - - = = = o Convection and Radiation
Maximum Overal! Dimensions
Length - - - . - - - - - .- e 4 38 inches
Diameter - - - - s = - - - - - - - - - 238 inches
Net Weight - - = = = = o o o o o o = = o = o 3 ounces
Shipping Weight (Average) - e 1.5 pounds

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

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



RADIO-FREQUENCY POWER AMPLIFIER TYPICAL OPERATION
AND “OSCILLATOR D-C Plate Voltage - - - 600 1000 1500 2000 3000 volts
Class-C Telegraphy or FM Telephony D-C Screen Voltage - - -~ 250 250 250 250 250 volis
_ e D-C Grid Voltage - - - =50 —70 —75 —80 —90 volts
MAXIMUM RATINGS (Key-down conditions, per tube) D-C Plate Current -~ _ 140 150 150 150 115 ma
D-C PLATE VOLTAGE - - - - 3000 MAX. VOLTS D-C Screen Current - - - 40 40 35 30 20 ma
D-C SCREEN VOLTAGE - - - - 400 MAX. VOLTS b-C Grid Current v ToB o112 10 me
D-C GRID VOLTAGE - - - . —500 MAX. YOLTS approx) e 0% L 145 170 180 175 170 volts
D-C PLATE CURRENT - - - - 150 MAX. MA Driving Power (upprox.) = - 19 25 25 21 1.7 woits
PLATE DISSIPATION . . . _ 65 MAX. WATTS Screen Dissipation - - - 10 10 9 8 5 watts
Plate Power Input - - - B4 150 225 300 345 watts
SCREEN DISSIPATION - - - - 10 MAX. WATTS Plate Dissipation = - - - 30 45 55 65 65 watts
GRID DISSIPATICON - - = - 5 MAX. WATTS Plate Power Qutput - - - 54 105 170 235 280 watts
PLATE-MODULATED RADIO-FREQUENCY TYPICAL OPERATION
AMPLIFIER D-C Plate Voltage -~ - - 600 1000 1500 2000 2500 volts
Class-C Telephony (Carrier conditions unless otherwise specified, 1 tube) ' §:§ %?Ezeie'\l/g\ll:(:gége - :_?135 _ﬁ;g _?225 _ig% _?%E zg:::
- t nt - & =
MAXIMUM RATINGS DC Screen Carrent - - - 4 40 3338 s
D-C Grid Current 5 & o m
D-C PLATE YOLTAGE - - - - 2500 MAX, YOLTS S:reennblss:::::::n T2 I 40 10 o 8 4 w:ﬁs
D-C SCREEN VOLTAGE - - - - 400 MAX. YOLTS Srldk[:{ssFlp;hon Volt 100% - L6 1.2 1.2 141 7 watts
- T age,
g-ccz Sf;«zsvgtIRAsGrET e _?oo mi. mLTs °°kM.,duuu§.§§" -°v’ S5 75 175 175 175 wolts
- - - - - 20 . Peak R-F Grid Input olfage
. - - 190 210 225 225 235 volt
PLATE DISSIPATION - - - - 45 MAX. WATTS Drivice Power (approx) - - 21 25 27 26 19 watts
SCREEN DISSIPATION - - - . 10 MAX. WATTS Plote Power lput - - - 70 120 139 200 270 watts
on ~ - - -
GRID DISSIPATION - - - - 5 MAX. WATTS Plate Powcpr Qutput - - -~ 50 95 145 200 225 watis

Note: Typical operction data are based on conditions of adjusting to a specified plate current, maintaining fixed conditions of grid bias, sereen vollage, and r-f grid voltage.
It will be found that if this procedure is followed, there will be littie variation in power output betwean tubes even though there moy be some varictions in giid 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,

AUDIO-FREQUENCY POWER AMPLIFIER
AND MODULATOR
MAXIMUM RATINGS (PER TUBE) :
D-C PLATE VOLTAGE - - - - - - = - - = = - - 3000 MAX. YOLTS

D-C SCREEN VOLTAGE - - - - - - - - - - s - - 600 MAX. YOLTS
MAX.SIGNAL D-C PLATE CURRENT, PER TUBE - - - - - - - ~ 150 MAX. MA
PLATE DISSIPATION, PER TUBE - - - - - - - - - - - 65 MAX, WATTS
SCREEN DISSIPATION, PER TUBE - - - - - S - - - - - 10 MAX, WATTS
TYPICAL QPERATION TYPICAL OPERATION
Class-AB; (Sinusoidal wave, two tubes unless otherwise specified) Class-AB, (Sinusoidal wave, two tubes unless otherwise specified}
D-C Plate Voltage -~ . - = - 1000 1500 1750 volts D-C Plate Voltuge - - 600 1000 1500 1800 volts

D-C Screen Voitage - 250 250 250 250 volts

p-c Scn:een Voltage - -' - - - 500 500 SR D-C Grid Voltage (upprux)** -~ —30 —30 —35 —35 volts

D-C Grid Voltuge (approx.})* - ~ - —B85 —85 —90 volts Zero-Signal D-C Plate Current -~ 60 60 60 50 ma

Zero-Signal D-C Plaote Current - - 30 a0 20 mno Max-Signal D-C Plate Current - 300 300 250 220 ma

Max-Signal D-C Plate Current - - 170 180 170 ma Zero-SSignull g~g sScreert gurren: - sg 42 ' 33 zg ma
-Sianal D - - Max-~Signal D-C Screen Current - ma

Zero S.'g"u] D-C Screen Current 0 0 0 ma Effective Load, Plafe-to-Plate - 3600 6300 14,000 20,000 ohms

Max-Signal D-C Screen Current - - 24 14 17 mo Peak A-F Grid fnput Voltuge

Effective Load, Plate-to-Plate - - - 9000 15000 20,000 ohms (per tube) - - 120 105 100 290 voits

Peak A-F Grid Input Voltage (per tube) - as 85 50 volts Max-Signal Peak Driving Power - 6.2 5.0 3.2 2 watts

. Max-Signal Nominal Drlvmg Power

Driving Power - - - - - - 0 0 0 watts (approx.} - - 31 2.5 1.6 1.1 watts
-Si issipati - Max-Signal Plate Dissi uhon

Max ngnal Plate Dissipation (per tube) 45 63 62 watts (;gr tube) e . D N 25 65 P 63 watts

Mox-Signal Plate Power Qutput - - 80 145 175  watts Max-Signal Plate Power 0ufpuf - 90 170 250 270 watts

*Adjust to give stated zero signal plate current. **Adjust to give stated zero signal plate current.

The effective grid circuit resistunc.:e for each tube must not exceed 250,000 ohms.
P 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

D-C PLATE VOLTAGE L L
D-C SCREEN VOLTAGE - - .- . - -
PLATE DISSIPATION - - - - . . - &5 MAX, WATTS
SCREEN DISSIPATION - - . . . . 10 MAX. WATTS
GRID DISSIPATION - - - - . . . 5 MAX. WATTS

3000 MAX, YOLTS
500 MAX, YOLTS

*Adjust to give stated zero-signsl plate curtent,
**Due to intermittent nature of voice average dissipafion is consider.
ably less than Max-5ignal Dissipaton.

e e oA - ot e — ——

TYPICAL O PERATION

D-C Plate Voltage - - - - - Is00 2000 2500 volts
D-C Screen Voltage - - - - - 300 400 5080 volts
0-C Grid Voltage (approx.)* - - « =50 —75 —I00 volts
Zero-Sigral D-C Plate Current - - - 13 25 20 ma
Max-Sigral D-C Plate Current - - - 200 270 230 ma
Zero-Signal D-C Screepn Cutrent - - - 0 0 0 me
Max-Signal D-C Screen Current ** - - 35 50 35 me
Max-Signal Peak R. F. Grid Voltage - 190 270 300 volts
Max-Signal Avg. Grid Current - - - 13 17 & ma
Max-Signat Avg. Driving Power - . . 2.4 4.4 1.8 watts
Max-Signal Plate Dissipation** - . - 105 190 225 walts
Average Plate Dissipation - - . - 60 13 65 watts
Max-Signal WUseful Power OQutput - - 150 300 325  wotts

APPLICATION

MECHANICAL

Mounting—The 4-65A must he 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 Mec.,, 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 sezl 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 24-65A should
not be allowed to exceed five watts. Grid dissipation may
be calculated from the following expression:
Pg=e5mplc
where Pg= Grid dissipation,
ecmp = Peok positive grid voltage, ond
le=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.

Sereen 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 Me. is due principally to screen-lead-
inductance eifects, 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 oppasite 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 Mews, 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
fromathe 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 Me.

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

suon

+Esn

Screen-tuning neutralizotion circuit for use above 100 Mc.
C is a small split-stator capccitor.

640,000
2 (Mc.)
ampilifier, 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 .audjo-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-

Cluptd) = , Qpprox.
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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, BL6 or 6F6, used either as a
frequency multiplier or a straight-through amplifier. This
tube should furnish aboyt five watts of output powser
which allows ample driving power for one 4-654A, includ-
ing circuit losses. Capacitance coupling is shown in the
diagram, but this, of course, could just as well be link
coupling.

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 Bi.
This supply should furnish sufficient voltage to the plate
of V, to obtain the necessary driving power, Normally this
voltage will be about the correct voltage for the screen
of the 4-65A and resistor R, may be omitted.

When the key is up there is no excitation to the 4-654,
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 4-85A at ground potential under key-up conditions,
stabilizing the circuit. Rs s 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 Ci.. 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
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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-
cordamnce 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 27/: or 2.8. Then all the
current values should be multiplied by the factor 2.8.
The 100 ma. line becomes a 280 ma. linte, 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:

/'ALGSA

Voltage Factor 25 b5 75 10 125 150 175

Corresponding

Current Factor 125 .35 65 10 14 184 23
Voltage Factor 20 22525 275 3.0
Corresponding

Current Factor 28 3.4 40 46 52

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.

S§SSC 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
audic 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. Cne 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 waits.
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 audro
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 bheen
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 boftom 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 eycle 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

Lpi-Cpi— Tank circuit appropriate for operating frequency;
@ =12, Capacitor plate spacing=.200".
Lp2-Cp2— Tank circuit appropriate for operating frequency:
@ =12. Capacitor plate spacing=.200",
Lp3-Cpa— Tank circuit appropriate for operating frequency:
@ =12, Capacitor plate spacing=.375".
Lg1-Cg1— Tuned circuit appropriate for operating frequency.
Lg2-Cg2— Tuned circuit appropriate for operating frequency.
Cyr— 002 -ufd. 500V Mica
Co—.002 -ufd. 5000V Mica
Ca— .00} -ufd. 2500V Mica
C4—.| -ufd. {000V paper
C5—.1 -ufd. 500 V paper
Cs— |6 -ufd. 450V Electrolytic
C7— 10 -ufd. 160V Electrolytic
R)—53,000 ohms 200 wat—&40,000 ohm adjustable
Ry—250,000 ohms | watt
R3— 5,000 ohms 5 watt
Rs— 25,000 ochms 2 watts
R5— 26,500 ohms 200 watts—-30,000 ohm adjustable
Re— 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
Ti— 150 watt modulation transformer; ratio primary to second-
ary impedance approx. I:l.1 Pri. impedance 15,000 ohms,
sec. impedance 16,700 chms.
T2— 5 watt driver transformer impedance ratio primary to |/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-tevel-modulated R-F amplifier circuit, with
modulator and driver stages, 480 watts plate input.
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4-1235R

(4D21)
RADIAL-BEAM

POWER TETRODE

MODULATOR
OSCILLATOR
AMPLIFIER

P> The Eimac 4-125A is a radial-beam power tetrode intended for use as an amplifier, oscillator,
or modulator. It has a maximum plate-dissipation rating of 125 watts and @ maximum plate-voltage
rating of 3000 volts at frequencies up to 120 Mc.

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

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

The 4-125A in class-C r-f service will deliver up to 375 watts plate power output with 2.5 watts
driving power. Two 4-125A's in class-B modulator service will deliver up to 400 watts maximum-
signal power output with 1.2 watts nominal driving power.

GENERAL CHARACTERISTICS

ELECTRICAL
Filament: Thoriated Tungsten
Voltage - - - - - - - - - - - - - - - - 5.0 volts
Current - - - - - - - - - - - - - - - - 6.5 amperes
Grid-Screen Amplification Factor (Average) - - - - - - - - - - - - 5.9
Direct Interelectrode Capacitances (Average)
Grid-Plate - - - - - - - - - - - - - - - - 0.05 uufd
Input - - - - - - - - - - - - - - - - - 10.8 uufd
Output - - - - - - - - - - - - - - - - 3.1 pufd
Transconductance (lIb= 50 ma., Eb = 2500V., Ec2 = 400V.) - - - - - - - - 2450 umhos
P Highest Frequency for Maximum Ratings = e o om F w8 2 = & & @ 1207Me

> MECHANICAL

Base - - . - . . . . - - - - - - - - . - - - - - . - - - - 5-pin metal shell
Basing R i _ . . . N N - . . . - - - . . - - o . a a o Q See outline drawing
Socket - - - - - - . - - - - - - - E. F. Johnson Co. socket No. 122-275, National Co. No. HX-100, or equivalent
Mounting Position - - . - . - - - - - - . . . . - - - . - - - Vertical, base down or up
Cooling - - - - - . - - .- - - . - - . - - - - - - - - Radiation and forced air
Recommended Heat-Dissipating Plate Connector - - - - - - - - - - - - - - - - - - - Eimac HR-6
Maximum Over-all Dimensions:

Length - - - - - - - - - - - - . - - - - - . - - - - - - 5.69 inches

Diameter - - - - - - - - - - - . - - - - - - - - - - - - - 275 inches
Net Weight - - - - - - - - - - - - - - - - - - - - - - - - - - 6.5 ounces
Shipping Weight (Average) L T PO L - - - « -« 1.5 pounds

Note: Typical operation data are based on conditions of adjusting to o specified plate current, maintaining fixed conditions of grid bias, screen voltage, ond 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 variotions in grid and screen
currents, Where grid bios is obtained principally by means of o grid resistor, 1o control plate current it is necessary to make the resistor adjustobie,

RAD'O_FREQUENCY POWER AMPLIFIER LYZ'CNAL OVPE|RATION (Frequencies below 120 M:.;ooo 2500 2000 '
5 ote Voltage - o - o - volts
AND OSCILLATOR D-C Screen Voltage L 350 350 350 volts
lass- Fi b i D-C Grid Voltage - - - - - - -100 -150 -150 volts
Class-C Telegraphy or FM Telephony (Key-down conditions, 1 tube) D-C Plote Corront . . . . . . 200 200 167 ma
D-C Screen Current - - - - - - 50 40 30 ma
MAXIMUM RATINGS D-C Grid Current - - - . . . 12 12 9  ma
D-C PLATE VOLTAGE' . - - - - - - - 3000 MAX. VOLTS Screen Dissipotion - - - - - - 18 14 10.5 watts
D-C SCREEN VOLTAGE - - - - - - - - - 400 MAX. VOLTS Grid Dissipation - - - - - - 1.6 2 1.2 watts
D-C GRID VOLTAGE - - - - - - - - - =500 MAX. VOLTS Peak R-F Grid Input Voltage (approx.} - - 230 320 280 volts
D-C PLATE CURRENT . - - - - - - - = 225 MAX. MA Driving Power (approx.)? - - - - 2.8 3.8 2.5 watts
PLATE DISSIPATION - - - - - - - = 125 MAX. WATTS Plate Power Input - - - - - - 400 500 500 watts
SCREEN DISSIPATION - - - - - - - - 20 MAX. WATTS Plate Dissipation - - - - - - 125 125 125 watts
GRID DISS!PATION - - - - - - - - - - 5 MAX, WATTS Plate Power Output - - - - - 275 375 375 watts
HIGH-LEVEL MODULATED RADIO-FREQUENCY e U
-C Plate Voltoge - - - - - - - - volts
AMPLIFIER D-C Screen Voltage L 350 350 volts
Class- leph: i iti $ ¢ D-C Grid Voltage - - - - - - - - =220 -210 volts
Muss: T': cRp ony (Carrier conditions uniess otherwise specified, 1 tube] D-C Plate Corrent - . . . . . . . 150 152 ma
AXIMU ATINGS D-C Screen Current - - - - - - - - 33 30 ma
D-C PLATE VOLTAGE' . - - - - - - - - 2500 MAX. VOLTS D-C Grid Current - - - - - - - - 10 14 ma
D-C SCREEN VOLTAGE - - S« -« < . . . 400 MAX. VOLTS Screen Dissipation - - - - .. - - 1.5 10.5 watts
b. D VO Grid Dissipation - - - - - - LA 1.6 1.4 watts
-C GRID VOLTAGE - . . . . . . . . -500 MAX, VOLTS Peak A-F Screen Voltage, 100% Modulation - - 210 210 volts
D-C PLATE CURRENT - - - - - - - - - 200 MAX. MA Peak R-F Grid Input Voltage (opprox.) - - - - 375 360 volts
PLATE DISSIPATION - . . . . . . . .  B5 MAX WATTS priving Power {approx.fi-~ . = - - - .- 250 s watts
SCREEN DISSIPATION - - - . . . . . . 20 MAX. WATTS Plote Diminatn, - . . 1 1 T 1o 80w
GRID DISSIPATION - - - - - - - - - - 5 MAX., WATTS Plate Power Output - - - - - - - 225 300 wotts
P Indicates change from sheet dated 3-15-5 ' Above 120 Mc. the maximum plate voltage rating depends upon frequency

0
(Effective 1-5-53) Copyright, 1953 by Eitel-McCulloush, Inc. . See page 4.



AUDIO-FREQUENCY POWER AMPLIFIER
AND MODULATOR

Class-ABy. °

MAXIMUM RATINGS

D-C PLATE VOLTAGE . - - .« . . - - - 3000 MAX YOLTS
D-C SCREEN YOLTAGE - - - - - - = = .« 600 MAX. YOLTS
MAX-SIGNAL D-C PLATE CURRENT, PER TUBE - - . - 225 MAX. MA

PLATE DISSIPATION, PER TUBE - - - - - - -« 125 MAX, WATTS
SCREEN DISSIPATION, PER TUBE - - - « - « = 20 MAX, WATTS

AUDIO-FREQUENCY POWER AMPLIFIER
AND MODULATOR

Class-AB2.

MAXIMUM RATINGS

D-C PLATE VOLTAGE - - - - - - - - - 3000 MAX. VOLTS

D-C SCREEN VOLTAGE . - - - - - - 400 MAX. VOLTS
MAX-SIGNAL D-C PLATE CURRENT, PER TUBE - === 225 MAX, MA
PLATE DISSIPATION, PER TUBE - - - - - - - 125 MAX, WATTS

SCREEN DISSIPATION, PER TUBE - - - - - =« =« 20 MAX. WATTS

{4D21)

TYPICAL OPERATION (Sinusoidal wave, two tubes unless otherwise specified)

D-C Plate Yoltage - - - .« - 1500 2000 2500 volts
D-C Sereen Voltage - - - - 600 500 600 volts
D-C Grid Voltage?2 - - - - =90 -94 -96 volts
Zero-Signa) D-C Flate Current - - 60 50 50 ma
Max-Signal D-C Plate Current - - 222 240 232 ma
Zero-Signal D-C Screen Current - - =10 -0.5 -0.3 ma
Mex-Signal D.C Screen Current - - 17 64 8.5 mo
Effactive Load, Plate-to«Plate . - -10,200 13,400 20,300 ohms
Peak, A-F Grid Input Vo!fuge (per lube) 20 94 96 volts
Dnvmg Power - - [¢] 0 [¢] watt
Max-Signal Piate DlsypahOn (per fube) 87.5 125 125 watts
Max-Signal Plate Power Output - - 158 230 330 watts
Total Harmonie Distartion - - - 5 2 26 per ct

TYPICAL OPERATION (Sinusoidal wave, two tubas unless otherwise spacified)

D-C Plate Voltage - - - - - = 1500 2000 2500 volts
D-C Screen Voltage - - e - . 350 350 350 volts
D-C Grid Voltage - - - - - - -41 -45 -43 volts
Zero-Signal D-C Plate Current - - - 87 72 93 ma
Max-Signal D-C Plute Cunent - - - 400 300 260 ma
Zaro-Signal D-C Screen Current - - = 0 [} ¢} ma
Max-Signal D-C Scraan Currant - - - 34 E] é ma
Effective Load, Plate-to-Plate = - - - 7200 13,600 22,200 at
Peak A-F Grid Input Voltage (per tube) - 141 105 89
Max-Signal Avg. Driving Power lupprox.) . 2.5 1.4

Max-Signal Peak Driving Power = - 5.2 3.1 S
Max:Signal Plate Dissipation {per tuhe] - BRLS) 125 watls
Max-Signal Plate Power Qutput - - 350 J watts
Total Harmonic Dislortion - 1 2.2 per ct

2 The effective arid circuit resistarc >t 2ach tube must not exceed 250,000 ohms.
3 Driving power increases above : See page 4.

IFIT 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

P Mounting—The 4-125A must be mounted verfically, base down or base up.

The socket must be constructed so as to allow an unimpeded flow of air through
the hales in the base of the fube and must also provide clearance for the glass
fip-off which extends from the center of the base. The tube should be mounied
above the chassis deck to allow free circulation of alr In the manner shown
in the mounting diagram below. The above requirements are met by the

E. F. Johnson Co. socket No. 122-275, the National Co. socket No. HX-100,
or a similar socket.

A flexible g¢onnecting strap shouvld be provided between the HR-6 Heat

Dissipating Plate Connector on the plafe terminal ond the external circuit,
The tube must be protected from severe. vibration and shock.

LPUEU\

4-125A mounting providing base cooling, shielding and isolation
of output and input compartments.

Cooling—Adequate cooling must be provided for the seals and
envelope of the 4-125A. In continuous-service applications, the
teampergture of the piate seal, as measured on the top of the
plate cap, should not exceed 170° C. A relatively slow movement of
air past the fube is sufficient to prevent seal temperafures in excess of maxi-
mum af frequencies below 30 Mc. At frequencies above 30 Mc., radio-fre-
quency losses in the leads and envelope coniribute to seal and envelope
heating, ‘and special attentfon should be given fo cooling. A small fan or
cenirifugal blower directed foward the upper poriion of the envelopa will
vsvally provide sufficient circulation for cooling at frequencles above 30 Me.,
however.

P Indicates change from sheet dated 3-15.50

Page Two

In intermitteni-service applications where the “on” time does not exceed
a fotal of flve 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 cocling
o hold the temperature below this maximum af frequencies below 30 Mc.,
provided that o heat-dissipating plate connector s used, and the tube is so
located that normel clreulation of air past the envelope is not impaded.

Provision must be made for circulation of air through the base
of the tube. Where shielding or sacket 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 alr flow of two cubic feet per minute through
the base will be sufficient for stem ¢ooling.

ELECTRICAL

Filament Yoltage—For maximum tube life the filament voltage, as meas-
ured direcily at the filament pins, should be the rated value of 5.0 volts.

Ungavoidable varigtions in filament voliage must be kept within the rcmge from
475 to 5.25 volts.

Bias Voltage—D-c bias voltage for the 4-125A should not exceed 500
volts. If grid-leak bias is used, suitable profective means must be provided
to prevent excessive plate or screen dissipation in the event of [oss 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 Yoltage—The plate-supply voltage for the 4-125A should not exceed
3000 volis 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 five watts, Grid dissipation may be caleviated from the following
expression
Pg Lol ecmplc
where Pg=Grid dlssipation,
ecmp = Peak positive grid voltoge, and

[e=D-c grid current.

ecmp may be measured by means of o suitable peak voltmeter connected
between filament and grid4.

Screen Dissipation—The power dissipated by the screen of the 4-125A
must not exceed 20 watts. Screen dissipation is likely to rise to excessive values
when the plate voliage, bias voltage or piate load are removed with filament
and screen voltages applisd. Suitable protective means must be provided to
[imit screen dissipation to 20 watls in the event of circult fallure.

4 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.
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Plate Dissipation—Under normal operating conditions, the plate dissipa-
tion of the 4-125A should not be allowed to exceed 125 watis 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 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 Telegrophy or FM Telephony—The 4-125A may be operated
as a class-C telegraph or FM telephone amplifier without neutralization up to
about 30 Mc. if reasonable precautions are taken to prevent coupling between
input and output circuits external fo the tube. A grounded metallic plate on
which the socket may be mounted as shown in the mounting diagram on page
two provides on effective isolating shield between grid and plate circuits. In
single-ended circuits, plate, grid, 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 {0 a common chassis point by the shortest possible leads,
and shori, heavy leads should be used to interconnect the screens and fila-
ments of the two tubes. Care should be taken to prevent leakage of radio-
frequency energy o 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 o screen-lead-inductance effects, and it becomes neces-
sary to introduce in-phase voliage 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 appraximately %-inch square con-
nected to the grid terminal and locafed adjacent to the envelope opposite
the plate will suffice for neutralizafion. Means shauld be provided far adjust-
ing the spacing between the neuviralizing capacitor plate and the envelope,
but care must be taken to prevent the neutralizing plate from touching the
envelope. An alternative neuiralization scheme is illustrated in the diagram
below. In this circuit feed-back is eliminated by series-tuning fthe 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 he made as short as possible. All connections to the screen
terminals shauld 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 diagrom presupposes
the use of the shortest possible leads.

At frequencies below 100 Mc. ordinary neutralizaiion 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 voliage, are shown on page 4. The power
output shown is the actual plate power delivered by the tube; the power
delivered 1o the load will depend upon the efficiency of the plate tank 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 a sufficient margin to allow for coupling-
circuit losses. These losses will not ordinarily amount to more than 30 or 40
per cent of the driving power, except at frequencies above 150 Mc. The use
of silver-plated linear tank-circuit elements is recommended at frequencies
above 100 Mc.

Conventional capacitance-shortened quarter-wave linear grid tank circuits

having a calculated Zg of 160 ohms or Jess may be used with the 4-125A
up to 175 Mc, Above 175 Mc. linear grid tank circuits employing a “capacitor’’s
type shorting bar, as illustrated in the diagram helow, may he used. The
capacitor, C1, may consist of two silver-plated brass plates one inch square
with a piece of .010-inch mice or polystyrene as insulation.

Class-C AM Telephony—The r-f circuit considerations discussed above
under Class-C Telegraphy or FM Telephony also apply to amplitude-modu-
lated operation of the 4-125A. When the 4-125A is used as a class-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 current which result from
variations in plate voltage as the plate is modulated automatically give the
required screen modvulation. Where a reactor is used, it should have a rated
inductance of not less than 10 henries divided by the number of tubes in the
modulated amplifiler and a maximum current rating of two or three times the
operating d-¢ screen current. To prevent phase shift between the screen and
plate modulation voltages at high audio frequencies, the screen by-pass
capacifor should be no larger than necessary for adequate r-f by-passing.
Where screen valtage is obtained from a seprarate winding on the modulation
transformer, the screen winding should be designed fo 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-pass capacitors placed across the grid-leak resistance should
have o reaciance at the highest modvulation frequency equal to at least twice
the grid-leak resistance.

Cluss-AB| and Class«-AB2 Audio—Two 4-125A's may be used in a push-
pull circuit 1o give relatively high audio output power at low distortion. Maxi-
mum ratings and typical operating conditions for class-AB1 and class-AB2
audio operation are given in the tabulated data.

When type 4-125A tubes are used as class-AB1 or class-AB2 audio ampli-
fiers at 1500 plate volts, under the conditions given under “Typical Jpeis-
tion," the screen voliage must be obtained from a source having reasonably
good regulation, to prevent variatians in screen voltage from zero-signal to
maximum-signal conditions. The use of voltage regulator tubes in a standard
circwit will provide adequate regulation. The variafion in screen current at
plate voltages of 2000 and above is law enough so that any screen power
supply having a normal order of regulation will serve. The driver plate supply
makes o convenient source of screen voliage under these conditidns.

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 scurce should not exceed 250 ohms. Under class-ABy
conditions the effective grid-circuit resistance for each tube should not exceed
250,000 ohms.

The peak driving power figures given in the class-A82 tabulated data are
included to make possible an cccurate 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 undistoried average output equal fo 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
jransformer.

A-125A

000 RFC

+Esn

+Eos

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

640,000

Cluutd) = TRMe)

, approx.

Typical circuit arrangement useful for frequencies above.
175 Mc,
L1—3%" dia. copper spaced,
1* ¢center-to-center, 6” long.
Lo—7%" dia. brass, silver plated,
spaced 1%2” center-to~center,

14" long.
Page Three

Cy1—See above.
Ca—Neutralizing capacitor.
C3—.001ufd.
C4—100ppid.




+005 21
—’ [—aeo_mo DIA. s_riivlm
[h\ _[
—
| ELATE !
i
5
2ZMAX.DIA. I
i ;
I
| Spti
; |
0O O OO0 | ‘
UU i JH i 2 Nowm.
i
1 7
22MAXDIA, ~—! SMIN.
! .
14 DlA.PC. . B
@@o Ge
5PINS 0*9
188 2003 DIA,

.-
e
(od
o

4-125A

(4D21)

COMPONENTS FOR TYPICAL CIRCUITS

(Diagrams, Page 5)

Lp1-Cp1—Tank circuit appropriate for operating frequency; Q=12.

Capartitor plate spacing=.200",

Lp2-Cp2—Tank circuit appropriate for operating frequency; Q=12.

Capacitor plate spacing=,200".

Lp3-Cp3—Tank circuit appropriate for operating frequency; Q=12,

Capacitor plate spacing=.375",

Lp4-Cpa—Tank circvit appropriate for operating frequency; Q=12.

Capacitor plate spacing=.375".
Lg1-Cgi~Tuned circuit appropriate for operating frequency,
Lg2-Cgz—Tuned circuit appropriate for operating frequency.
Cy—.002-ufd., 500-v. mica
C2—.002-4fd., 5000-v, mica
C3—.001-ufd., 2500-v. mica
C4—16-pufd., 450.v. electrolytic
C5—10-ufd., 25.v. elecirolytic
R1~7000 ohms, 5 watts
R2—70,000 ohms, 100 watts
R3—3500 ohms, 5 watts
R4—35,000 ohms, 200 watts
R5—560 ohms, 1 watt
R§—25,000 ohms, 2 watts
R7— 1500 ohms, 5 watis
RFCy—2.5-mhy., 125-ma. r-f choke
RFC2—1-mhy., 500-ma. r-f choke
Ti—10-watt driver fransformer; ratio pri. to V2 sec. approx. 2:1.

T2—200-wait modulation transformer; ratio pri. to sec. approx. 1:1;
pri. impadance= 16,200 ohms, sec. impedance =16,500 ohms.

Ta~S5-watt driver transformer; ratio pri, to ¥2 sec. approx. 1.1:1.

T4—400-watt modulation transformer; ralio pri. Yo sec.'approx. 2.7:1;

pri. impedance = 22,200 ohms, sec. impedance =8300 ohms.
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D.C. SCREEN VOLTS| FILAMENT VOLTS | D.C. GRIO VOLTS | ORIVING POWER | O.C. PLATE VOLTS D.C.GRID VOLTS _| DA.SCREEN VOLTS | DRIVING POWER | FILAMENY VOLTS | D.C. FLATE VOLTS

350 V., 40 MA. 5.0V. ~180V, 12MA,_[ 3.8 WATTS __{ 25D0V, 2GO0 MA_ 150 V. 24 MA. 350V, 80 MA 7.6 WATTS 5.0V 2500 V, 400 MA.
350 Vy 20 MA. 50 V. -150V., B MA, | 2.5 WATTS 3000V, 187 MA. = {50V, 18 MA. 350V, 80 MA. 5.0 WATTS 5.0 V. 000 V., 335 WA,

Typical radio-frequency power amplifier circuit, Class-C
telegraphy, 500 watts input.

Typical radio-fregqiency power amplifier cirevit, Class-C
telegraphy, 1000 watls input.

ouTPuT
P
ey RFC -
4-125A Cz
I TRER 1
152 WA

O L

Q0 o = [e] o O 00 o QO
R =150v +200v =251 TAV.BA 41300V *2300%. FAOM
634 g MA BOWMA

200MA  1A2 MA DRIVER
MAR. MAX. 2. 3WATTS

e tPLT

Cra
It L
el RF. 2
Rp
4-125A =C2 ~~a-1254
I i yoioiney - "P_jl 1
= 1 ’ =
1 k/\ (1) N4 i
v 7 :
[} H \>/C3 300 MA
sHiELol .)\\<{ A :
] L.—_v
RFL 3 ! Ra
: e ML
T
1 v
{

L oo
LT ___{ﬁ?_}______,_,g

45

C:T TR: %C‘ 4-125A —Ca

o O o] lo]
V134 =j6Dv., FRS -a3v sv, A
1AMA  DaieR

1330V, 42300 V.
ADMA.  820MA
G WATTS MAX. Max

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

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

SEE PRECEDING PAGE FOR LIST OF COMPONENTS
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: »wr ; RADIAL-BEAM
EITEL-McCULLOUGH, INC. POWER TETRODE
SAN BRUNO, CALIFORNIA MODULATOR
OSCILLATOR
AMPLIFIER
The Eimac 4-250A is a compact, ruggedly constructed power tetrode having a maximum plate
dissipation rating of 250 wats. 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 slmplnﬁcahon of the associated circuit and driver stage.
The 4-250A is cooled by radiation from the plate and by circuletion of forced-air through the
base and around the envelope.
GENERAL CHARACTERISTICS
ELECTRICAL
Filament: Thoriated tungsten
Voltage - - - - - - - - - - - - - 5.0 volts
Current - - - - - - - - - - - - 145 amperes
Grid-Screen Amplificetion Factor (Average) - - - - - - - - - 5.1
Direct Interelectrode Capacitances (Average)
Grid-Plate - - - - - - - - B - - - - 0.2 yufd
Input S S 12.7 ppfd
Output - - - - - - - - - - - - - 4.5 putd
Transconductance (ln=100 ma., E»=2500V., E..=500V.) - - - - - 4000 pmhos
Frequency for Maximum Ratings - . - = - = S 3 . - 75 Me.
MECHANICAL
Base - - - - - - - - - - - S-pin metal shell
Recommended Sochf - - - - - - - EF Johnson Co. socket No. 122-275,
National Co. No. HX-100, or equivalent.
8asing - - - - - - - - - - - - - - - See drawing
Mounting Position - - - - - - - - - - Vertical, base down or up
Cooling - - - - - - = S = = = - Radiation and forced air
Recommended Heat Dissipating Plate Connector - - o - - - - - - - - - - - - Eimac HR-6
Maximum Overall Dimensions:
Length S - - - - - - - o - - - - - - - - - - - - 6.38 inches
Diameter - - o o o o o o o - o o = o - - - - - - - 3.56 inches
Net Weight - - o - - - o - - - - - o o - - - - - - - - 8.0 ounces
Shipping Weight (Average) - - - - - - - - - - - - - - - - - - - 2,0 pounds

Note: Typlcal operation data are based on condhlons of adlu:ﬁn to a specified plate current, mainhinmg 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 litite 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 grid resistor, to contro! plate current it is necessary
to make the ns:sforladwsfablc

RADIO-FREQUENCY POWER AMPLIFIER LYE'E'A: OSE:AT'ON (‘"q“'""“ below 75 '2‘5;.) 000 4000 vl
ate Voltage - . - volts
élNDCoFSCILLATORh .. D-C Screen Yoltage . - - . . 500 500 500 volts
ass- M or Telegraphy (Key-down conditions, | tube) D-C Grid Voltage e - o .. 150 —i80 —275 velts
MAXIMUM RATINGS D-C Plate Current - e - - . 300 345 312 ma
D-C PLATE VOLTAGE' - . - 4000 MAX. VOLTS D-CScresn Surrent - - - - - 80 & & ma
D-C SCREEN VOLTAGE - - . 600 MAX. VOLTS S o R S
- D Screen Dissipation - - - - - 30 30 225 watts
D-C GRID VOLTAGE - - - - =500 MAX. VOLTS Grid Dissipation - - 0.35 0.8 0.46 watts
D-C PLATE CURRENT - . . . 350 MAX. MA Peak R-F Grid Input Voltage (approx) 220 265 303 volts
Driving Power (approx.)? - - 1.70 2.6 246 watts
PLATE DISSIPATION - N ° . 250 MAX. WATTS Plate Power Input - - . . . 750 1035 1250 watts
SCREEN DISSIPATION - - - 35 MAX. WATTS Plate Dissipation - . - - . - 75 235 250 walts
GRID DISSIPATION . - - - 10 MAX. WATTS Plate Power Output - - . .- . 575 800 1000 watts
PLATE-MODULATED RADIO-FREQUENCY TYPICAL OPERATION (Frequencies below 75 Mc.)
AMPLIFIER D-C Plate Voltage - - - - - . . 2600 3000 volts
Class-C Tolephony D.C Scr.nn Yoltage - - - - - - 400 400 volts
(Carrier conditions unless otherwise specified, | tube) &g PGI:: ?J:::; o _;g -:;g ’v::"
MAXIMUM RATINGS D-C Screen Current - e e - 30 30 ma
1 D-C Grid Current - - - - - 9 9 ma
0.C PLATE VOLTAGE ° - - 3200 MAX. VOLTS Peak A-F Screen Volfag. (lOO’/. modulahon) - 350 350 volts
D-C SCREEN VOLTAGE - - - 600 MAX. YOLTS Screen Dissipation - - N .. 12 12 watts
D-C GRID YOLTAGE - - - - —8500 MAX. VOLTS Grid Dissipation o s o o 1.8 2.7 watts
D-C PLATE CURRENT - . . . 275 MAX. MA Peak R-F Grid (Inpuf Volfago (approx) - - 255 336!; volts
. i R R Driving Power (approx.) - - - 2.2 .2 watts
PLATE DISSIPATION 165 MAX. WATTS Plate Power Input - - - - - . . 500 675 watls
SCREEN DISSIPATION - - - 35 MAX. WATTS Plate Dissipation o, 125 165 watts
GRID DISSIPATION - - - - 10 MAX. WATTS Plate Power Output - e e e e 378 510 watts

!Above 75 Mc. the maximum plate voltage rating depends upon frequency.
See page four.

(Effective 8-15-52) Copyright 1952 by Eitel-McCullough, Inc. *Driving power increases above 40 Mc. See page 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 “- - e e .
GRID DISSIPATION - -~ - - - -

TYPICAL OPERATION CLASS AB,
{Sinusoida! wave, two tubes unless otherwise specifiad)
D-C Plate Yoltage ~ - - [500 2000 2500 3000 volis

D-C Screen Yoltaga - - - 500 500 §00 800 volis
D-.C Grid Voltage .2 - - - 9 104 —[10 —ll& volts
Zero-Signal D-C Plate Current - 120 110 120 120 ma
Max-Signal D-C Plate Current - 400 405 430 417 ma
Zero-Signal D-C Screen Current - —04 —03 —03 —02 ma
Max-Signal D-C Screen Current - 23 22 13 105 ma
Effective Load, Plate-to-Plate - 6250 9170 1,400 15,000 ohms
Peak A-E Grid Input Voltage
(per fube) - + -

- &4 a8 90 73 volts
Driving Power - - - = ) 0 0 0 wats
Max-Signal Plate Dissipation

(per tube) - -~ - - 145 175 22 250 watts
Max-Signal Plate Power Output - 310 450 625 750 watts
Total Harmonic Distortion - = 4 25 2 2,5 per cent

1Adjust for stated ze[o-si‘?nal plate current.
2The effective grid-circuit resisfance must not exceed 250,000 ohms.
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4000 MAX. YOLTS
600 MAX, YOLTS
350 MAX. MA
250 MAX, WATTS

35 MAX. WATTS

- - - - s S 10 MAX. WATTS

TYPICAL OPERATION CLASS AB,

{Sinusoidal wave, two tubes unless otharwise specified)

D-C Plate Voltage - - 1500 2000 2500 3000 volis
D-C Screan Yoltage - - 3o 300 300 300 voHs

D-C Grid Yoltage! - - —48 —48 —5I =53 wvolis
Zero-Signal D-C Plate Current - 100 120 120 I25 ma

Max-Signal D-C Plate Current - 485 510 500 473 ma
Zero-Signal D-C Screen Current - 0 U} 0 0 ma
Max-Signal D-C Screen Current - 34 26 23 33 ma
Effective Load, Plate-fo-Plate - 5400 8000 10,900 16,000 ohms
Peak A-F Grid Input Voltage

(per tube) -~ - - - % 99 100 99 volis
Max-gignal Avg, Driving Power

{approx.) - - - - 2.1 23 22 1.9 watts
Max-Signal Peak Driving Power - 4.7 5.5 48 4.6 watts

Max-Signal Plate Dissipation

(per tube) 150 185 205 190 watls

- Max-Signal Plate Power Oufput - 428 650 840 1040 watfs

Total Harmonic Distortion - - 3 4 4 4,5 per cent

IE IT IS DESIRED TO OPERATE THIS TUBE UNDER CONDITIONS WIDELY DIFFERENT FROM THOSE GIVEN UNDER “TYPICAL OPERAT/ON", POSSIBLY
EXCEEDING THE MAXIMUM RATINGS GIVEN FOR CW SERVICE, WRITE EITEL-McCULLOUGH, INC., FOR INFORMATION AND RECOMMENDATIONS,

APPLICATION

Mechanical

P Mounting—The 4-250A must be mounted vertically, base down
or base 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 diagram below. The metal fube-
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 must be protecied from
sovers vibration and shock.

| |
00 000

A=_E|.4
/ 4

4.250A mounting providing base cooling, shielding and isolation
of output and input compartments.

b Indicates change from sheet dated 7-1-51
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Cooling—Adeguate cooling must be provided for the seals and
anvelope of the 4-250A. Forced-ajr 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 ¢ontinuous-
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
Mec., 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 YHF,
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 oxceed 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.

Electrical

) Filament Veltage—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 Voltage—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.




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:
Pszeemplc
where P;=Grid dissipation
ecmp=Peak positive grid voltage_ and
le=D-c grid current.

eemp may be measured by means of a suitable peak volimeter
connected between filament and grid’.

Screen Voltage —The d-c screen voltage for the 4-250A should
not excead 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 Yoltage —The plate-supply voltage for the 4-250A should
not exceed 4000 volts for frequencies below 75 Mec. Above 75
Mec., the maximum permissible plate voltage is less than 4000
volts, as shown by the graph on page four.

Plate Dissipation—Under normal operating conditions, the plate
dissipation of the 4-250A should not be allowed to exceed 250
wats in unmodulated applications.

In plate-modulated amplifier applications, the maximum ailow-
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 Telegraphy —The 4-250A may be operated as a
class-C amplifier, FM or telegraphy, without neutralization up to
30 Me. 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 %o inter-
connect the screens and filaments of the two tubes. Care should
be taken to prevent leakage of radio-frequency energy to leads

4-2%0A
.ooov‘ —{
RFC s LH 1
s0on! 1001 RFC
-Ec EF RFCesuH +Ecp +EBB
0001 T
l 4-250A

Scresn-tuning neutralization circuit for use above 45 Me,
C — Approximately 100uufd. per section, maximum.

I““'

4-250A
(5022)

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

At frequencies from 30 Mc. 1o 45 Mec. ordinary neutralization
systems may be used.

Where shielding is adequate, the feed-back at frequencies
above 45 Mec, is due principally to screen-load-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 o the tube.
Ordinarily, a small metal tab approximately ¥-inch square con-
nezted 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 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 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 elements is
recommended for all frequencies above 75 Me.

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 audjo-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-
tions 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 10 henriss 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 grid-
leak resistance should have a reactance at the highest modula-
tion frequency equal to at least twice the grid-leak resistance.

Class-AB, and Class-AB. 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 deta,

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-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.

4 For suitable peak v.t.w.m. circuits see, for instance, "'Vacuum Tube
Ratings,' Eimac News, January, 1945, This article is available in reprint
form on request,
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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 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.
In these cases, 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 |5 per cent less than the figures shown,

due to losses in the output transformer.
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Typical high-level-modulated r-f amplifier circuit, with
modulator and driver stages, 1000 watts input.
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Typical high-level-modulated r-f amplifier circuit, with
modulator stage, 675 watts input.

COMPONENTS FOR TYPICAL CIRCUITS

Lys - Cp — Tank circuit appropriate for operating frequency:
Q@ =12, Capacitor plate spacing=.200",

Lys - Cpz — Tank circuit appropriate for operating frequency;
@ = 12. Capacitor plate spacing =.200",

Lys - Cps — Tank circuit appropriate for operating frequency;
@=12. Capacitor plate spacing=.375",

Lg -Coe — Tuned circuit appropriate for operating frequency.

Lgz -Cgz ~ Tuned circuit appropriate for operating frequency.

C, — .002-ufd, 500-v. mica

C; — .002-ufd. 5000-v mica

Cy — .00 -ufd., 2800-v. mica

C,—.1-ufd., 1000-v, paper

C; —.1-ufd. 600-v. paper

Cs — .5-ufd. 600-v paper

C; — .03-ufd., 500-v. paper

C; — .1-ufd., 1000-v, paper

Cy — .25-ufd., 1000-v. paper

R, — 86,700 ohms, adjustable 100,000 ohms, 100 watts

R: — 250,000. ohms, 4 watt

Ri— 15,000 ohms, 5 watts

Rs— 25,000 ohms, 2 watts

Rs — 2,500 ohms, 5 watts

R; — 35,000 ohms, {60 watfs

Ry — 250,000 ohms, Y5 watt

R, — 200,000 ohms, 2 watts

Rio— 500 ohms, /o watt

Ry — ! megohm, Y4 watt

Ryz — 100,000 ohms, § watt

Ris — 200,000 ohms, !/, watt

Ru— I0.000 ohms. |/2 watt

Ris— 50 ohms, 10 watts

Rio — 100,000 ohms, 100 watts

RFC, — 2.5-mhy., {25-ma. r-f choke

RFC; — l-mhy., 500-ma. r-f choke

T, — 350-watt modulation transformer; ratio pri. to sec. approx.

1.5 : 1; pri. impedance 20,300 ohms, sec. impedance {3,300

ohms.
T, — 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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4-400R

RADIAL-BEAM
POWER TETRODE

EITELame G FOUGH, Inc. :

¥t MODULATOR
_’RUNO, CALIFORNIA OSCILLATOR

AMPLIFIER

The Eimac 4-400A is a compact, ruggedly constructed power tetrode having a maximum plate dissipation
rating of 400 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 asso-
ciated circuit and driver stage.

) The 4-400A is cooled by radiation from the plate and by circulation of forced-air through the base, around
the envelope, and over the plate seal. Cooling can be greatly simplified by using an Eimac 4-400A Air-System
Socket and its accompanying glass chimney. This socket is designed to maintain the correct balance of cooling
air between the component parts of the tube.t

GENERAL CHARACTERISTICS ey
ELECTRICAL

Filament: Thoriated tungsten l 4-‘00;!
Voltage - - - - - - - - - - - - 5.0 volts - sk
Current - - - - - - - - . - - - 145 amperes

Grid-Screen Amplification Factor (Average) - - - - - - - - - §.1

Direct Interelectrode Capacitances (Average)
Grid-Plate - - - - - - - S - - . - 0.2 putd
Input - - - - - . - - - - - - - 125 ppfd
Output - - - - - - . . L. .. 4T ppkd

Transconductance (in=100ma., E.=2500V., E.,=500V.) - . - - 4,000 pumhos

Frequency for Maximum Ratings - - - - - . - - - - 110 Me.

MECHANICAL
Base - - - - - - - - - - - - - - See drawing
Basing - - - - - - - - - - - - . - See drawing
' Mounting Position - - - - - - - - - - Vertical, base down or up
Cooling - - - - - - - - - - - - Radiation and forced air
Recommended Heat Dissipating Plate Connector - - - - - - - - - - - - - Eimac HR-6
) Recommended Socket - . . . . - - - e e e e e Eimac 4-400A Air-System Socket

Maximum Over-All Dimensions
Length . - - - - - - - - - - - - - - - - - - 6.38 inches
Diameter - - - - - - - - - - - - - - - - - - 3.56 inches

Net Weight - - - - - 5 g 5 5 5 5 s s . 5 - 5 s B - - 9 ounces

Shipping Weight - e S - - - - - - - - - - - - - - - - 2.5 pounds

If an Air-System Socket is used, mounted on a !4 inch deck, the overall dimensions of the system including chimney and
HR-6 Heat Dissipating Plate Connector are:

Length - - - G G e g e - - - - - - - - - - - 8.0 inches

Diameter - - - - S S e s s - - - - - - - - - 5.5 inches

Note: Typical operation data are based on conditions of adjusting to a specified plate current, maintaining fi iti i
g - N of , 9 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 baquun tubes even

though there may be some variation in grid and screen rrents. Wh, id bias is obtai inei i
plate Current 1111 mecaom jariation ”‘.qr“im’r adiunab‘i:. ere Qri ias is obtained principally by means of a grid resistor, to control

' RADIO FREQUENCY POWER AMPLIFIER AND OSCILLATOR
Class-C Telegraphy or FM Telephony
MAXIMUM RATINGS (Key-down conditions, per tube to |10 Mec.)

D-C PLATE VOLTAGE - - - - - - - - - - - - - 4000 MAX. YOLTS
D-C SCREEN VOLTAGE - - - - - - - - - - - - - 600 MAX. YOLTS
D-C PLATE CURRENT - - - - - - - - - - 350 MAX. MA

PLATE DISSIPATION - S g s = 5 . -

oL 400 MAX. WATTS

SCREEN DISSIPATION - - - - - - - - - 35 MAX. WATTS

GRID DISSIPATION - - - - - - - - - - 10 MAX. WATTS
TYPICAL OPERATION (Frequencies below 75 Mc., one tube) TYPICAL OPERATION (110 Mc., two tubes)
D-C Plate Voltage - - . . - 2500 3000 4000 volts
38 %cq;onv\llc:l'aq. L ;gg ggg ;lz)g voits D-C Plate Yoltage - - - . . . . 3500 4000 volts
- ri oltage - - - - - = — — volts
D-g Plate Current - - - - . 350 350 35 ma D-C Screen Voltage - - - - - - - 500 500 volts
D-C Screen Current - - - - - 4% 46 40 ma ; e e ... e e = -
D-C Grid Corrent oL I8 19 18 me D-C Grid Yoltage 170 170 volts
Screen Dissipation S 23 23 20 watts D-C Plate Current - - - . . . . 500 540 ma
Grid Dissipation - - - - - 1.8 1.9 1.8 watts
Peak R~FPGrid Input Voltage . 360 320 320 volts D-C Screen Current - - - . - . - M I ma
Driving Power®* . - - - - - 5.4 [ 8] 5.8 watts H i . . - 5 5 5 -
Plate Power Input - . - . . 875 1050 1400 watts D-C Grid Current LB Bm
::Of. Ei"ipﬂgon D 235 250 300 watts Driving Power (approx.) - e e e . 20 20 watts
ate Power Output - - - - - 640 800 1100 watts
*Driving Power increases as frequency is increased. At 75 Mc. the OO ISR LR L2 ) ) 1300 1600 watts
driving power required is approximately 12 watts. Useful Power Output L 1160 1440 watts
tGuarantee applies only when the 4-400A is used as specified with {Effective 1-30-53) Copyright 1953 by Eitel-McCullough, Inc.

adequate air in the 4-400A Air-System Socket or equivalent. ’Indicafes change from sheet dated 4-1-51.



PLATE MODULATED RADIO FREQUENCY
AMPLIFIER

Class-C Telephony [Carrier conditions unless otherwise specified. One tube)
MAXIMUM RATINGS EYCPECAL \?I:ERATION {Frequencies befow 75 Mc.)o -
. .C PI . _ - - - 0
D.C PLATE VOLTAGE i } i ate Yoltage 2000 250 3000 volts

3200 MAX. YOLTS D-C Screen Yoltage
D-C SCREEN YOLTAGE - = -

400 MAX. YOLTS

500 500 500 volts
—220 220 —220 volts
275 275 275 ma

0-C Grid Voltage .
- 30 28 26 ma

D-C Plate Current
D-C Sereen Current

D-C GRID VOLTAGE - - - —bB500 MAX. YOLTS D-C Grid Current 12 12 12 ma
Screen Dissipation 1 14 13 watts
D-C PLATE CURRENT - . . 275 MAX. MA Grid Dissipation - LE DL watts

Peak A-F Screen Yoltage
{100% modulation) - - . 350 350 350 volts
Peak R-F Grid Input Voltage - - 250 290 290 volts

PLATE DISSIPATION - - - - -
Driving Power - - .- 3.5 3.5 35 watls

SCREEN DISSIPATION . . .
GRID DISSIPATION . . . .

270 MAX. WATTS
358 MAX. WATTS
10 MAX. WATTS

Plate Power lnput - - - 550 488 825 watts
Plate Dissipation - 170 178 195 watts
Plate Power OQutput - - - 380 510 530 watts

’ AUDIO FREQUENCY POWER AMPLIFIER
AND MODULATOR—CLASS AB
MAXIMUM RATINGS (PER TUBE)

D-C PLATE VOLTAGE 5 oo
D-C SCREEN VOLTAGE - S
MAX-SIGNAL D-C PLATE CURRENT
PLATE DISSIPATION 5 5 5
SCREEN DISSIPATION - - 5
GRID DISSIPATION - - - -

TYPICAL OPERATION CLASS AB;

(Sinusoidal wave, two tubes unless otherwise specified]

D-C Plate Voltage - - - . 2500 3000 3500 4000 volis
D-C Screen Voltage - . 750 750 750 750 volis
D-C Grid VYoltage (approx.)* —[30 137 |45 —|50 volts
Zero-Signal D-C Plate Current 190 1860 140 120 ma

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

35 MAX, WATTS
10 MAX. WATTS
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TYPICAL OPERATION CLASS AB,

(Sinuscidal wave, two tubes unless otherwise specified)
D.C Plate Voltage - - - 2500 3000 3500 4000 volts
D-C Screen VYoltage - - 500 ° 500 500 500 volts
D-C Grid Voltage (approx.)* —75 —80 —85 —90 volts
Zero-Signal D-C Plate Current 190 160 140 120 ma
Max-Signal D-C Plate Current 700 700 703 633 ma

0

Max-Signal D-C Plate Current 635 635 410 585 ma Zero-Signal D-C Screen Current 0 ma
FaeSionel DS Soreon Gurrent % 2% B 4 ma Maxtignal DG hoeen Current % 9100 10,00 l40s o
Effective Load, Plate-to-Plate 800 8900 11,500 (4,500 ohms SO TN 7200 9100 10800 14,00 ohms

Peak A-F Grid Input Yoltage

(per tube) - -

Peak A-F Grid Input Voltage . 133 140 145 140 volts

. (per fube) s - 130 137 145 150 volts Max-Signal Peak Driving Power 8.6 9.0 102 7.0 watts
Driving Power Lot 0 0 0 0 wals Max-Signal Nominal Driving Power 4.3 4.5 5.1 35 waits
Max-Signal Plate Dissipation Max-Signal Plate Dlssipation

{per tube) - 370 400 400 400 watts (per tube) - - - - 320 33 400 400 watts
Max-Signal Plate Power Output - 850 1110 [330 1540 watts Max-Signal Plate Power Output - {110 (375  [450 1750 watts

*Adjust to give stated zero-signal plate current. The D-C resistance in

*Adijust for stated zero.signal plate current,
series with the control grid of each tube should not exceed 250,000 ohims.

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., FOR 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 (.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
b Indicates change from sheet dated 4-1.51.

“Tempilaq”, a temperature-sensitive lacquer manufac-
tured by the Tempil Corporation, 132 West 22nd Street,
New York 11, N. Y.

3 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 Me,, 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
shculd 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
bé calculated from the following expression:
Pe=eempl.

where P; =Grid Dissipation

e.mp—Peak positive grid to cathode voltage, and

I. =D-cgrid current

ecmp may be measured by means of a suitable peak

voltmeter connected between filament and grid. (For
suitable peak wv.t.v.m. circuits see Eimac Application
Bulletin Number 6, “Vacuum Tube Ratings.” This bulle-
tin is available or 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”. e

At frequencies above 45 Mc. the feedback is principally
due to screen-lead-inductance effects. Feedback is elim-
inated by using series capacitance in the screen leads
between the screen and ground. A variable capacitor of
from 25 to 50 uufd will provide sufficient capacitance to
neutralize each tube in the region of 100 Mc. The two
screen terminals on the socket should be strapped to-
gether by the shortest possible lead, The lead from the
midpoint of this screen 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 Mec. 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-¢ 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 fransmission 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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4-1000R

RADIAL-BEAM

POWER TETRODE

EITEL-McCULLOUGH, INC. .

MODULATOR
SAN BRUNO, CALIFORNIA OSCILLATOR

AMPLIFIER

——

The Eimac 4-1000A is a beam power tetrode with a maximum plate dissipation n.ﬂ_ing of 1000 watts.
Intended for use as an amplifier, oscillator, or modulator, the 4-1000A is capable of efficient operation well
into the vhf range.

In FM broadcast service on 110 Mc., two 4-1000A tetrodes will deliver a useful power output over 5000 watts.

Operating under class AB, modulator conditions with less than 10 watts of peak driving power, two of
these tubes will deliver 3900 watts of output power.

With 1ero watts driving power in class AB,, a pair of 4-1000A tetrodes will deliver 3800 watts of
power output.

Cooling of the tube is accomplished by radiation from the plate and by circulation of forced-air through
the base and around the envelope. Cooling can be simplified through the use of the Eimac 4-1000A Air-System

Socket.
GENERAL CHARACTERISTICS
ELECTRICAL

Filament: Thoriated tungsten

Voltage - - - - - - - - - - - - - 1.5 volts
Current - - - - - - - - - - - - - 21 amperes
Grid-Screen Amplification Factor (Average) - - - - - - s - 5 7
Direct Interelectrode Capacitances (Average)
Grid-Plate (without shielding, base grounded) - - - - - - 0.24 pufd
Input - - - - - - - - - - - - - - 212 ppdd
Output - - - - - - = = # . . . . 7.6 ppfd
Transconductance (i, =300 ma., E,=2500 v., E,, =500 v.) - - - - - - 10,000 umhos
Highest Frequency for Maximum Ratings - - - - - - - - - - 110 Mc
MECHANICAL —
Base - . - . : z . . s = s . - 5-pin metal shell (see dwg.) LU |
Basing - - - = . 2 = = - - - - - - See drawing

Recommended Socket - - - - - - - Eimac 4-1000A Air-System Socket
Mounting position - - - - - - - - - - Vertical, base down or up

Cooling - z = - = = s - = - - - - Radiation and forced air
Recommended Heat Dissipating Connector:
Plate - - - - - - - - - - - - - - - - - - - a Eimac HR-8
Maximum Over-all Dimensions:
Length - - - - - - - - - o o - o o - o - - - - 9.63 inches
Diameter - - - - - - - - - = e - - - - - - - - 5.25 inches
Net Weight (tube only) - . . . 5 o - - S - S S - - - - - - 1.5 pounds
Shipping Weight 2 : S : S - - e = - - - 12 pounds

If an Air-System Socket is used, mounted on a Ya" deck, the over-all dimensions of the system including chimney and HR-8

cooler are
Length - - - - - - - - - - - - - - - - - - - 11.75 inches
Diameter - - - - - - - - - - - - - - - - - - - 715 inches

Note: Typical operation data are based on conditions of adjusting to o 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 betwaen tubes even
though there may be some variation 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 Telegraphy or FM Telephony

MAXIMUM RATINGS (Key-down conditions, per tube to |10 Mc.}

D-C PLATE VOLTAGE - - - - - - - 2 S S - S - - 6000 MAX. YOLTS
D-C SCREEN VOLTAGE - - - - - - = - - - - - - - 1000 MAX. YOLTS
D-C GRID VOLTAGE - - - - - - - - - - - - - —500 MAX. YOLTS
D-C PLATE CURRENT - - - - - - - - - - - - - - 700 MAX. MA

PLATE DISSIPATION - - - - - - - - - - - - - - 1000 MAX. WATTS
SCREEN DISSIPATION - - - - - - - - - - - - - - 75 MAX. WATTS
GRID DISSIPATION - - - - - - - - - - - - - - 25 MAX. WATTS

TYPICAL OPERATION (Frequencies below 110 Mc., one tube)

D-C Plate Yoltage - - 3000 4000 5000 6000 volts
D-C Screen Voltage 500 500 500 500 volts
D-C Grid Voltage - —i50 —I50 —200 —200 volts
D-C Plate Current - 700 700 700 700 ma
D-C Screen Current - 146 137 147 140 ma

TYPICAL OPERATION (110 Mc., two tubes, push-pull)

D-C Plate Voltage - - 4000 5000 6000 volts
D-C Screen VYoltage - 450 500 500 volts
D-C Grid Voltage - - —i50 —160 —Ii80 volts
D-C Plate Current - - 1.45 1.25 1.25 amps
D-C Screen Current - - 280 240 250 ma
- 80 80 100 ma

e o
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D.C Grid Current - . 38 39 45 42 mea D-C Grid Current -

Screen Dissipation - 73 [14 73 70 watts Screen Dissipation (per tube 63 60 63 * watts

Grid Dissipation - - [ [ 7 6 wats Driving Power (approx.) 350 400 400 watts

Peak R-F Grid Input Voltage Plate Power Input - - 4600 6250 7500 watts
{approx.) - . - - 290 290 358 350 volts Plate Dissipation (per tube) 650 850 900 watts

Driving Power (approx.)* - it 12 16 1S watts Useful Power Output - . 3000 4200 5200 watts

Plate Power Input - - S 2100 2800 3500 4200 watts
Plate Dissipation - - - - 670 700 690 800 watts
Plate Power Output - - - 1430 2100 2810 3400 wotts

"Apparent driving power requirements increase above 30 Mc. At 110

These 110 Mc. typical performance figures were obtained by direct
measurement in operating equipment. The output power is useful power
measured in a load circuit. The driving power is that taken by the

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

(Effective 6.2.52) Copyright 1953 by Eitel-McCullough, Inc.

tube and a practical resonant circuit, In many cases with further refine-
ment and improved techinques, better performance might be obtained.

’ Indicates changes from sheet dated 11-15-50.



PLATE MODULATED RADIO FREQUENCY AMPLIFIER
Class-C Telephony—Carrier Conditions

MAXIMUM RATINGS (Per tube to 110 Mc.)

D-C PLATE YOLTAGE - -~ - . . - 5000 MAX. YOLTS*
D-C SCREEN YOLTAGE . . . . . . 1000 MAX. YOLTS
D-C GRID YOLTAGE = = = - - - =800 MAX, YOLTS
D-C PLATE CURRENT - . . . . . 600 MAX. MA,

PLATE DISSIPATION L 570 MAX. WATTS
SCREEN DISSIPATION . - . . . . 75 MAX. WATTs
GRID DISSIPATION = - e e e . 25 MAX. WATTS

*5500 Max. volts below 30 Mc,

" 4-1000A

Ul
o
od

TYPICAL OPERATION (Frequencies below 110 Mec., one tube)
D-C Plate Voltage - - - 3000 4000 5000 5500* volts
D-C Screen Voltage 500 500 500 500 volts
D-C Grid VYoltage —200 —200 =200 —200 wvqlis
D-C Plate Current - 400 400 400 600 ma
D-C Screen Current 145 132 130 108 ma
D-C Grid Current - 35 33 33 282 ma
Screen Dissipation 72 13 65 52 watts
Grid Dissipation - - 5 4 4 3 watds
Peak A, F. Screen Vaoltage
{100% modulation) -
Peak R-F Grid Input VYoltage
Driving Power®* - - -
Plate Power input -

250 250 250 250 volts
340 335 335 325 volts
12 11 11 9 watis
- 1800 2400 3000 3300 watts
Plate Dissipation - - - 410 490 540 470 watts
Plate Power Output* - - - 1390 1910 2440 2630 watts
*E5500 volt operation may be used only below 30 Mc.
**Apparent driving power requirements increase above 30 Mc. At 110
Mc. the driver should e capable of supplying 200 wahis per fube
to take care of feed-through, circuit losses, and radiation.

[

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

D-C PLATE VOLTAGE - - - = = G
D-C SCREEN VOLTAGE - - - " -
MAX-SIGNAL D-C PLATE CURREN - - -
PLATE DISSIPATION - - - - 5 5
SCREEN DISSIPATION - - - S 5 5

TYPICAL OPERATION
Class AB, (Sinusoidal wave, iwo tubes unless otherwise specified)

D-C Plate Yoltage - O O - - 4000 5000 4000 volts
D-C Screen Yoltage - - - 1090 1000 1000 volis
D-C Grid Yoltage {approx.}* - —I15 —I25 —I35 volts
Zero-Signal D-C Plate Current - 300 240 200 ma
Max-Signal D-C Plate Current - 1,05 1.00 .95 amp
Zoro-Signal D-C Screen Current - 0 0 0 ma
Max-Signal D-C Screen Current - &0 50 64 ma
Effective Load, Plate-fo-Plate - 7000 30,000 14,000 ohms
Paak A-F Grid Input Voltage {per tu 125 135

be 115 volts
Driving Power - - - - 0 0 0 watis
Max-Signal Plate Dissipation (per tube) 230 950 930 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.

- 5 5 = - - - 6000 MAX. YOLTS
5 5 = = - - - 1000 MAX. YOLTS
- 5 - = 5 - - 7006 MAX. MA

- . - 5 S - - 1000 MAX. WATTS
75 MAX. WATTS

TYPICAL OPERATION

Class AB, (Sinusoidal wave, two tubes uniess otherwise specified)

D-C Plate Voltage - - - - - 4000 5000 400D voiis
D-C Screen Voltage - - - 500 500 500  volts
D-C Grid Yoltage (approx.)* - —80 —70 =75 volts
Zero-Signal D-C Plate Current - 300 200 150 ma
Max-Signal D-C Plate Curcent - 1.20 116 .95 amp
Zaro-Signal D-C Screen Current - 0 0 0 ma

Max-Signal D-C Screen Gurrent B S -
Effective Load, Plate-to-Plate - - 7000 11,000 15,000 ohms
Peak A-F Grid Input Voltage (per tube) 140 145 130 volts

Max-Signal Peak Driving Power - 1.0 1.0 9.4  walts
Max-Signal Nominal Driving Power

{approx.} - - - - - - 55 5.5 4,7 watts
Max-Signal Plate Dissipation {per tube} 900 850 200 watts
Max-Signal Plate Power Output - - 3000 3800 3900 watts

*Adjust fo give stated zero-signal plate current.

IF IT 1S 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.

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 4-1000A 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 4-1000A Air-Sys-
tem Socket and its accompanying chimney. This system
is designed to maintain the correct balance of cooling
air for the varicus parts of the tube. The minimum
quantity of air required by this system for maximum
power output at 110 Me, 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

’Indicafes changes from sheet dated I1-15-50.
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temperature limitations may require that cooling air be
supplied to the tube even when filament alone is on dur-
ing standby periods.

Tube temperatures may be measured with the aid of
"“Tempilaq”, a temperature-sensitive lacquer manufac-
tured by the Tempil Corporation, 132 West 22nd Street,
New York 11, N. Y.

ELECTRICAL

Filament Voltage—For maximum tube life the filament
voltage, as measured directly at the filament pins, should
be the rated voltage of 7.5 volts. Unavoidable variations
in filament voltage must be kept within the range from
7.13 to 7.87 volts.

Bias Voltage—The D-C bias voltage for the 4-1000A
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 4-1000A
should not exceed 1000 volts. The screen voltages shown
under “Typical Operation” are representative voltages
for the type of operation involved.




Plate Voltage—The plate-supply voltage for the 4-1000A
should not exceed 6000 volts in CW and audio appli-
cations., In plate-modulated telephony service above 30
Mg., the D-C plate-supply voltage should not exceed 5000
ﬁolts; gowever, below 30 Mc., 5500-volt operation may
e used.

Grid Dissipation—Grid dissipation for the 4.2000A should
not be allowed to exceed 25 watts, Grid dissipation may
be calculated from the following expression:
Pg=ecmp1c
where: P;= Grid dissipation,
ecmp== Peak postive grid to cathode voltage, and
Je=D-c grid current.
eemp 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 4-1000A. must not exceed 75 watts. Screen dissi-
pation is likely to rise to excessive values when the plate
voliage, bias voltage or plate load are removed with fila-
ment and screen voltages applied. Suitable protective
means must he provided to limit screen dissipation to
75 watts in event of circuit failure.

Plate Dissipation—Under normal operating conditions,
the plate dissipation of the 4-1000A 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 cirenits, the
4-1000A may be operated up to the 10 Mc. region with-
out neutralization. In the region between 10 Mc. and 30
Me., 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-

P 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 4-1000A, 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 4-10004. in the 110 Mec. 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 he
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. f 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. Avoid operating the stage unloaded
or lightly loaded. If conditions are such that the stage
must be operated lightly-loaded, then the driving power
should be reduced proportionately. Install under-current
protection, especially where unloaded operation can
occur due to antenna failures or transmission line icing.

4. Operate the screen grid at a reasonably high voltage,
still keeping within screen dissipation ratings__

blndicafes changes from sheet dated [1.15-50.
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TENTATIVE DATA

EITEL-McCULLOUGH, INC.

" SAN BRUNO, CALIFORNIA

£ ¥ait

RADIAL-BEAM

The Eimac 4W20000A 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 4W20000A operating as a television visual r-f amplifier will deliver
a synchronizing 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 circuits. The
cathode is a unipotential thoriated tungsten cylinder of rugged construction, heated by electron

bombardment.

GENERAL CHARACTERISTICS

ELECTRICAL

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

D-C Voltage (Approx.] - -
D-C Current (Approx.) - -
Filament: Thoriated Tungsten, Helical
Voltage - - - - -
Current - - - - -
Maximum allowable starting current
Direct Interelectrode Capacitances (Average)
Grid-Plate - - - - -
Input - - - - - -
Output - - -
Screen-Grid Amplification Facfor (Average)

Transconductance (i,=6.6 A., E,—3.0 kV., Ex=1200V.)

——
L

- 1600 volts
- 1.9 amperes

- 10
- 30
- 50

volts
amperes
amperes

- 0.5
- 125
- 23
- 5.5

upufd
upufd
ppfd

4W120,000R

POWER TETRODE

75,000 umhos

MECHANICAL
Base - 5 g g - - - - - - - - - - Special, Concentric
Mounting Position - - - - - - - - - - Vertical, base down or up
Cooling - - - - - - - - - - - - -  Water and Forced Air
Maximum Overall Dimensions
Length - - - - - - - - - - - - 152 inches
Diameter - - - - - - - - - - 5 g 5.0 inches
Net Weight - - - - - - - - - - - - - 7.6 pounds
Shipping Weight - - - - - - - - - - - - 40 pounds
RADIO FREQUENCY POWER AMPLIFIER I:YIPIC:IE'OPE'}AATISN Telavision Vieua! Servi
ass- Inear mphtier—| elavision ery
MAXIMUM RATINGS (per tube) (Por tube. S:Mc. Bandwidth, 216 M)
D-C PLATE VOLTAGE - - - 8 MAX. KV Peak Synchronizing Level
D-C PLATE CURRENT - . - 15 MAX. AMP oY e N ) ; ) 400 ohms
PLATE DISSIPATION - - - - 20 MAX. KW Effective Length of Plafe Llne - - - g wave
SCREEN DISSIPATION - - - 200 MAX. WATTS D-C Plate Voltage - - - - - 5500 volts
GRID DISSIPATION - - - - 60 MAX. WATTS D-C Screen Voltage <. - 1200 volts
D-C Control Grid Volfage S —240 volts

TYPICAL OPERATION
Class-C Telegraphy or FM Telephony (Per tube—220 Mc.)

D-C Plate Voltage 5000 6000 7000 volts
D-C Screen Voltage = - 1200 1200 1200 volts
D-C Grid Voltage -350 —-370 —-400 volts
D-C Plate Current - 5 3.6 3.6 34 amps
D-C Screen Current

(approx.)* g - - 167 167 167 ma
D-C Grid Current [approx.) 50 50 50 ma
Peak R-F Input Voltage 455 475 505 volts
Driving Power (approx.)* - 750 780 830 watts
Screen Dissipation g = 200 200 200 watts
Plate Power Input - - 18 21.6 238 kw
Plate Dissipation - - 7.0 8.6 8.0 kw
Useful Power Output - - 9.2 1.5 13.0 kw

*The performance fiqures listed above are obtained by calculation from
the characteristic tube curves and confirmed by direct tests. The driving
power and output power allow for losses assocrated with practical
resorant circurts,

(Effective 3-1-53) Copyright, 1953 by Eitel Mc-Cullough, Inc, TENTAT'VE DATA } Indicotes change from sheet dated 8-15-52

D-C Plate Current ) 7.1

- amps
D-C Screen Current (approx) - - - 500 map
D-C Control Grid Current (approx.) - 140 ma
Peak R-F Grid Input Voltage - - - 430 volts
Driving Power (approx.) - - - - 1500 watts
Plate Power Input - - - - - - 39:0  kw
Plate Dissipation - - - - S 165 kw
Useful Plate Power Oufpuf - - S S 2001 kw
Black Level
D-C Plate Current - 5 B 53 amps
D-C Control Grid Curreni (approx) - - 50 ma
Peak R-F Grid Input Voltage - - - - 330 volts
Driving Power {approx.) - 2 - - 875 watts
Plate Power Input - - - - 292 kw
Plate Dissipation - - - - g - 18.0 kw
Useful Power Output - - g - - 1.2 kw

These 216 Mc. typical performance figures were obtained by direct
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 practical resonant grid circuit. These figures are subject
to variation and in many cases, with further refinement and imprcved
techniques, better performance might be obtained.



“
e o N
(2d

/"4wzo,000A

Nota: Typical operation data are based on conditions of adjusting to a specificied plate current,
voltage, suppressor voltage and r-f grid voltage. it will be found that ir this procedure is followed, there will be Iittle variation in power

output between fqbus even though there may be some yaria"ion in grid, screen and suppressor curreats. Where grid bias is obtained principally
by means of a grid resistor, to contrel plate current it is necessary to make the resistor adjustable,

, maintaining fixed conditions of grid bias, screen

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 1s, 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 bheld 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 1600 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 a2 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 272 inches in diameter, should be placed
around the cathode connecting collet to guide the
alr along the cathode contacting surface and onto
the cathode-<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>