TITLE Effective

Date
I N F R M -I- TRIODES
ORMATION 2c39A 6252
3C24 11-1.51
3W5000A3 8-23-53
3W5000F3 3-1-51
3X2500A3 6-2-52
AS IT APPEARS 3X2500F3 2-1-53
3X3000A1 422';'g§
3X3000F1 ~£0-
IN THIS CATALOG 6C21 4.1-54
25T 2-1-51
35T 6-15-51
357G 10-1-51
75TH 1-2-52
75TL 1-2-52
100TH 4.1-49
100TL 4-1-49
152TH 11-25-52
152TL 1-1-44
i 250TH 5.1.53
TITLE Eflgeihve 250TL 8-20-53
. are 304TH 4-10-53
GENERAL 304TL 5-1-49
Quick Reference Catalog 10-1-54 ::g;r g-‘ -:g
Fiel i .1- 10-1-
ield Engineers . 10-1-54 592/3-200A3 . 7.1-54
Tube Type Numbering System 750TL 6-2-52
Distributors 11-15-54 1000T 3-15.52
Tube Replacement Chart 1-2-52 15007 8-7-53
Price List 6-10-55 20007 10-15-50
Vacuum Pump Price List 6-1-50
Application Bulletin No. 3 2-1.55 DIODES—RECTIFIERS
2-01C 10-20-53
TETRODES—PENTODES 2-25A 7-1-52
4-65A 5-14-54 21500 7152
4-125A 7-15-54 2-240A 7-1-52
4-250A 8-24-53 2-2000A . 7-1-52
4-400A 1-15-55 250R ‘ 7-1-52
4-1000A 6-2-52 a0 7-1-52
4PR60A 3-22-54 kY3l A e
4W20,000A 2-27-54 RX21A 7-12-53
4X150 Tube Extractor 866A /866 5.30-53
4X150A 5-10-54 872A/872 12-1-46
4X150D
4X150G 3.15-53 OTHER PRODUCTS
® 4X250B 6-1-55 zacm::l (\:,apacifors 6-15-52
ariable Vacuum Capacitors 3-1-49
4X500A 2-15-51 HV-1 Diffusion Pump 8-29-53
4E27A/5-125B 8-15-52 1001G lonization Gauge 6-15-53
Preformed Contact Finger Stock 3-10-53
KLYSTRONS ‘I-:R sConneclgorsk 10-15-.54
ir System Sockets
1KO15XA, G 7-22-54 4-400A /4000 1-15.55
3K20,000LA. F, K 8-17-53 4-1000A /4000 See Tube Data Sheet
3K50,000LA. F, K 8-17-53 4X150A /4000 6-15-53

EITEL-McCULLOUGH, INC., SAN BRUNO, CALIFORNIA

(Effective 6-1-55)



EIT

NO, CALIFORNIA

H INC.

VACUUM TUBES

1KOISXA § 180.00 4X150A 38.95
1K015XG 180.00 4X150D 38.95
2.01C 15.25 4X1506G 54.00
2-25A 11.00 4X2508 42.50
2-50A 13.75 4X500A 121.00
2-150D 19.25 4X500F 93.50
2-240A 40.00 4X5000A 395.00
2-2000A 214.50 6C21 77.00
2C39A 24.00 KY21A 13.25
2C39B 27.50 RX21A 9.00
2X3000F 140.00 25T 11.00
3C24 12.00 35T 12.00
3K3000LA  2,470.00 35716 16.00
3K3000LQ  2,360.00
3K20,000LA  2,975.00 75TH 16.00
3K20,000LF  2.975.00 75TL 16.00
3K20,000LK  2,975.00 100TH 18.25
3K50,000LA  4,200.00 100TL 18.25
3K50,000LF  4.200.00
3K50.000LK  4.200.00 :E:I': ;i'gg
3K50,000LQ  4.200.00 2508 22,00
3W5000A3 198.00

250TH 33.00
3W5000F3 198.00 So0TL 3300
3W10,000A3  957.00 .
3X2500A3 198.00 253 20.50
3X2500F3 198.00 304TH 60.50
3X3000A1 198.00 304TL 60.50
3X3000F1 198.00 450TH 77.00
4-65A 20.00 450TL 77.00
4-125A 30.25 592/3-200A3  30.25
4.250A 41.25 750TL 137.50
4-400A 60.50 B66A 2.45
4-1000A 132.00 872A 8.20
4E27A/5-125B  35.75 1000T 137.50
4PR60A 90.00 15007 220.00
4W3008B 41.50 2000T 275.00
4W20,000A  1,850.00 8020 (100R) 15.00

VACUUM CAPACITORS

VC6-20  $15.00 VC50-20 $ 24.25
VC6-32 17.25 VC50-32 27.50
VC12-20  16.50 VVC60-20 66.00
VC12-32  20.00 VVC2-60-20  147.50
VC25-20  20.00 VVC4-50-20  284.00
VC25-32  23.25

ALL PRICES SUBJECT TO CHANGE WITHOUT NOTICE

PRICE

June 10, 1955

HEAT DISSIPATING CONNECTORS

HR-1 $ .60 HR-6 $ .80
HR-2 .60 HR-7 1.60
HR-3 60 HR-8 1.60
HR-4 .80 HR-9 3.00
HR-5 .80 HR-10 1.60
AIR SYSTEM SOCKETS
4-400A /4000 $16.00
4-400A /4001 12.00
4-400A /4006* 6.00
4-1000A /4000 22.50
4-1000A /4001 17.00
4-1000A/4006* 7.50
4X150A /4000 18.00
4X150A /4001 17.50
4X150A/4006* .60
4X150A /4010 20.15
4X150A /4011 19.70

*Replacement Chimneys

PREFORMED CONTACT FINGER STOCK

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

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

VACUUM PUMP & GAUGE

HV-1
Pump Oil - Qt.
100 16

$125.00
5.00
22.50

VACUUM SWITCH

VSs-2
VS-5
VS-6
12V Coil
24V Coil

$18.00
24.00
32.00
71.50
8.50

TUBE EXTRACTOR

Tube Extractor for 4X150A,
4X150D, 4X150G

$ 55

Printed in U.S.A. 8-87473



general

A QUICK GUIDE TO EIMAC PRODUCTS
AND SERVICES OFFERED IN THIS CATALOG

Including...

® Your nearest distributor of modern, fully guaranteed Eimac
Vacuum tubes, vacuum capacitors, heat dissipating con-
nectors, air-system sockets, preformed contact finger stock
and vacuum switches.

® Your nearest Eimac Field Engineer, who stands ready to
give you immediate engineering assistance, any informa-
tion on deliveries and prices, or provide other information
not found in the catalog.

Eimac tube type numbering system.
Tube Replacement Chart.

Prices on Eimac products.

IMPORTANT EIMAC “EXTRAS”

Appllcatlﬂn Engmeermg. The Eimac Application Engineering Department is available at
all times for consultation. New tube operating techniques are continually being explored, tested
and proved by Eimac application engineers, whose combined knowledge and experience are made
available to you. Additional contributions by this Eimac department are its Application Bulletins,
an expanding service which you get without obligation.

Flﬂld Eﬂglneermg. Serving as an extension of the Application Engineering Department out-
side the Eimac plant, Eimac field engineers cover the United States, operate out of offices in major
cities. They will help you personally with experimental work, problems of technique, etc. Engineers
from the Eitel-McCullough plant in San Bruno are available, too, for field consultation throughout
the country. As Eimac tubes are world renowned, the same services extend to various countries
overseas through the Eimac export division. '



RUNO, CALIFORNIA

Eimac
Field

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

finger tips.
HERB BECKER
1140 Crenshaw Blvd.

Los Angeles 19, California
Phone: Webster 1-1257

J. E. JOYNER. JR.
2524 Jenny Wren Lane, S. W.
P. O. Box 341, Station A

Atlanta, Georgia
Phone: Amhurst 1101

ROYAL J. HIGGINS CO.
10105 South Western Ave.
Chicago 43, Hlinois

Phone: Cedarcrest 3-7388

ADOLPH SCHWARTZ

One Exchange Place, Room 919
Jersey City, New Jersey

Phone: Delaware 3-2424

TIM COAKLEY SALES OFFICE
148 Needham St.

Newton Highlands

Boston 61, Massachusetts
Phone: Decatur 2-4800

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

Effective 8-11-53
P> Indicates change from sheet dated 6-5-53.

information available at their

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

»McLOUD & RAYMOND CO.

5528 East Colfax Ave.
Denver 7, Colorado
Phone: Fremont 3067

CLYDE H. SCHRYVER SALES CO.
4550 Main St., Room 224

Kansas City 5, Missouri

Phone: Westport 4660

»JACK YOUNT

1431 Pleasant Drive
Dallas 17, Texas
Phone: Express 0988

Export Agents -

FRAZAR & HANSEN, LTD.
301 Clay St.

San Francisco, California
Phone: Exbrook 2-5112

120 Broadway
New York 5, New York
Phone: Worth 4-3454

225 West 23rd St.
Los Angeles 7, Calif.
Phone: Prospect 2538

- SEE REVERSE SIDE FOR SECTIONAL MAP

Printed in U.S.A 3- 73034
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DAVE M. LEE CO.
2517 Second. Ave. y
Seattle 1, Wcshiﬁgton
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HERB BECKER
1140 Crenshaw Blvd.

Los Angelesi 19, California
 Phone: Web/(ﬁler 1-1257

Export Agents:
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MclOUD & RAYMOND CO.
5528 East-Colfax-Ave..|
Denver 7, Colorado :
Phone: F;-emont 3067

EIMAC FIELD ENGINEERS
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PROYAL J. HIGGINS CO.
10105 South Western Ave.
Chicago 43, lllinois

Phone: Cedarcrest-3-7388

Jersey City, New:
i Phone: Delgwa
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4550 Main St.,, Room 224
Konsas City 5, Missouri
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’ 2524 Jenny Wren Lane, S. W.
P. 0. Box 341, Station A
Atldnta, Georgia
Phone: Amhurst 1101
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1431 Pleasant Drive |
Da""s 17: Texas

EL PASO Phone: Express 0988

FRAZAR & HANSEN, 301 Clay Street, SAN FRANCISCO, CALIF. Phone: Exbrook 2-5112
120 Broadway, NEW YORK 5, N.Y. Phone: Worth 4-3454
225 West 23rd Street, LOS ANGELES 7, CALIF. Phone: Prospect 2538



Eimac
Tube Type

0. CKALIFHN?AH, NG Numbering
System

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

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

o

o

250073

be &
Number of Electrodes Plate Mu Group
2 Indicates Diode Dissipation Indicates mu from 0 to 10.
3 Indicates Triode ; (Watts) Indicates mu from 11 to 20.
4 Indicates Tetrode é/{ Indicates mu from 21 to 30.
5 Indicates Pentode etc.
etc. %
Description
*R or - Radiation cooled, internal anode. .
X External anode, air-cooled tube. Version
w Water-cooled anode. o 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- interchangeable 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

(Klystron, Travelling Wave, etc.)

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

Number of Cavities

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

Type of Tube

K Klyston

TW Traveling Wave
PK Pulse Klystron
ST Space Charge

Travelling Wave Tube,

L

Dissipation
Rating
(Watts)

3K20.000LA

Version

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

Frequency Band

Predominately an L-band tube
Predominately an X-band tube
etc.

Printed in U.S.A. I-7153¢



AN EIMAC DISTRIBUTOR IS NEAR YOU

For Your Assurance to Obtain the Most Modern,

Guaranteed Eimac Tubes — Purchase Only from These Authorized Distributors

ALASKA

Anchorage
Yukon Radio Supply, inc.
Box 4

Fairbanks
Yukon Radio Supply, inc.
655-6th Ave.
P. O. Box 1385

Juneau
Alaska Radio Supply, Inc.
Box 2538

ALABAMA

Birmingham
Ack Radio Supply Co.
2205-3rd Ave. North

James W. Clary Co.
1713 - 2nd Ave., South

Forbes Distributing Co., Inc.
2600 - 3rd Ave. South
Gadsden
Southeastern Radio Parts Co.
120 Chestnut St
Mobile

Forbes Electronic
Distributors, Inc.

57 N. Washington St.
Harris Supply Co.

10 N. Water St.

PO Box 1009

Montgomery

Nolin-Mclnnis, Inc.

205 Commerce St.

P. O. Box 2229

Southeastern Radio Parts Co.
210 N. Court §t.

ARIZONA

Phoenix
Radio Parts of Arizona
214 South i1th Ave.
Radio Specialties &
Appliance Corp.
305 E. Roosevelt

Western Radio & Engineering Co.

1915 East Washington St.
Tucson

Elliott Electronics, Inc.
418 N. 4th Ave.
P. O. Box 508!

ARKANSAS

Blytheville
Blytheville Radio Supply
112 South First St.

Ft. Smith
Wise Radio Supply
1001 Towson Ave.

Little Rock

Carlton Wholesale Radio, !nc.
109 W. 9th St.

P. O. Box 828

Southern Radio Supply

1419 Main St.

David White Radio Supply Co.

1222 Main St
Texarkana

Lavender Radio Supply Co., Inc.

520 East Fourth
CALIFORNIA
Bakersfield

Valley Radio Supply
716 Baker St.

Burbank

Fred S. Dean Co.
1500 W. Burbank Bivd.

Valley Electronic Supply Co.
1302 W. Magnolia Bivd.
Fresno

Jack C. Arbuckle
2330 Kern Ave.

Kierulff & Co.
725 L' St

Glendale
Hagerty Radio Supply
6826 San Fernando Road

Los Angeles

Federated Purchaser, Inc.
911 South Grand Ave.

Henry Radio
11240 West Olympic

Kierulff Electronics, Inc.
820 West Olympic Blvd.

Radio Products Sales, Inc.
1501 South Hill St.

Radio_ Specialties Co.
1956 So. Figueroa St.

Radio Television Supply Co.
341 W. 18th St

Shelley Radio Co.
2008 Westwood Blvd.

Long Beach

Fred S. Dean Co.
969 American Ave.

Larry Lynde Electronics
1526 E. 4th St.

Scott Radio Supply, Inc.
266 Alamitos Ave.

Maywood
Kierulff & Company
6058 Walker Ave.
Oakland

W. D, Brill Co.
198 10th St.

Elmar Electronics
140 - 1Ith St.

Palo Alto
Zack Radio Supply Co.
225 Hamilton Ave.
Pasadena

Dow Radio Supply Co.
1759 E. Colorado

Electronic Supply Corp.
2615 East Foothill Blvd.
Sacramenfo

E. Kemp Co.
t I5 RY S?reef

Sacramento Electric Supply Co.
1219 'S’ St
San Bernardino
Kierulff & Company
1123 W. Base Line at "'L'" St.
San Diego

Shanks & Wright
2045 Kettner Bivd.

Western Radio & Television
Supply Co.

l4l5 Indra St.

San Francisco

San Francisco Radio Supply Co.
1284 Market St

Zack Radio and Television
1426 Market St.

San Jose

Frank Quement, Inc.
161 W, San Fernando St.

Santa Ana

Radio & Television Equipment Co.

207 Qak St

Santa Barbara
Channel Radio Supply Co.
523 Anacapa St.

Stockton
B. J. DeJarnatt Wholesale Co.
515 N. Hunter St.

COLORADO

Colorado Springs
Murray Radio Co.
9 East Vermijo
Denver

Inter-State Radio & Supply Co.
1200 Stout St.

Niles Phonograph & Radio Co.
505-507-509 14th St.

Radio Products Sales Co.
1237 - l6th St

L. B. Walker Radio Co.
854 Broadway
Grand Junction
Radio & Electronic Supply Co.

511 Ute
Pueblo
L. B. Walker Radio Co.
218 W, 8th St.
CONNECTICUT
Bridgeport
Hatry of Bridgeport, Inc.
1700 Main St.

Hartford
Hatry of Hartford, Inc.
203 Ann St.
R. G. Sceli Co.
1249 Main St.
New Britain
United Radio Supply Co.
47.53 East Main Sp
New Haven
Thomas H. Brown Co.
15-25 Whiting St.
Congress Radio Co.
207 Congress Ave.

Dale Electronic Distributors

Div. of Dale-Connecticut, Inc.

150 James St.
Hatry of New Haven, Inc.
77 Broadway
New London
Aikins Electronic Supply Co.
428 Bank St
Stamford
Hatry of Stamford, Inc
97 Main St
Waterbury

The Bond Radio Supply
439 W. Main St.

Hatry of Waterbury, Inc.
89 Cherry St.

DELAWARE
Wilmington
Almo Radio Co.
Cor. éth & Orange St.

Radio Electric Service Co.
3rd & Tatnall Sts.

FLORIDA

Ft. Lauderdale
Goddard Distributors
2113-15 South Andrews Ave.
Jacksonville

Kinkade Radio Supply
1402 Laura St.

Southeast Audio Company

930 W. Adams Street
Lakeland

Radio Accessories Co.

1050 South Florida Ave.
Miami

Electronic Supply Co.

61 N. E. 9th St.

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

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

Orlando
Hammond-Adams, Inc.
9 South Terry St.

Pensacola
?rlce Radio & Electronic
u
360 E Wr:ghf Street

St. Petersburg
Cooper Radio Co.

648 Second Ave., So.

Tallahassee
Thurow Distributors, Inc.
739 North Monroe

Tampa
Kinkade Radio Supply
1707 Grand Central Ave.

Radio Accessories Co.
137-9 So. Franklin St.

Thurow Distributors, inc.
134-136 South Tampa St.

West Palm Beach
Goddard Distributors, iInc.
1309 North Dixie

GEORGIA

Albany
Specialty Distributing Co.
104 Pine Ave.

Atlanta

Specialty Dlsfrlbuhng Co.
425 Peachtree St., N. E.

Southeastern Radlo Parts Co.

400 W. Peachtree St

The Yancey Company, Inc.
1500 Northside Dr., N. W.

Augusta
Specialty Distributing Co.
644 Reynolds St.
Columbus
Radio Sales & Service Co.
1326 First Ave.
Macon
Specialty Distributing Co.
539 Arch St
Savannah

Specialty Distributing Co.
4|1 E. B.oughton St

Southeastern Radio Parts Co.
38 Montgomery St.

HAWAII
Honoluly, T. H.

Precision Radio Co.
1372-74 So. King St.

Radio Wholesale & Supply Co.
P. O. Box 3768
IDAHO

Boise

Craddock’s Radio Supply
1522 State St.

Kopke Electronics Co.
119 Peasley St.

Idaho Falls

Schwendiman's Wholesale
Distributors
380 E. Street

ILLINOIS

Belleville
Lurtz Electric Co.
219 North Illinois St.
Chicago
Allied Radio Corp.
100 N. Western Ave.

Chicago Radio Apparatus

Co., Inc
, 415 South Dearborn St.

Green Mill Radio Supply
145 West 111th St.

Lukko Sales Corp.
5024 Irving Park Rd.

Newark Electric Co.
223 West Madison St.

Star Electronic Distributors, Inc.
7736 South Halsted Street

Walker-Jimieson, Inc.
311 South Western Ave.
Decatur
York Radio Supply Corp.
801 North Broadway
Elgin
Fox Electric Supply Co.
67-69 North State St.
Peoria
~ Klaus Radio & Electric Co.
* 707 Main St.
Quincy
Cooper Supply Co.
935 Main St.

Rockford

H & H Electronic Supply, Inc.
510 Kishwaukee St.

Art A. Johnson Sales & Service
1117 Charles St.

Mid-West Associated Distributors
506 Walnut St.

Rock Island
Tri-City Radio Supply, Inc.
1919 Fourth Ave.
Springfield

Harold Bruce
120 N. Ist St.

Wilson Supply Co.
108 W. Jefferson St.

INDIANA

Anderson
P e SuPPY
Angola
Lakeland Radio Supply Co.
South West & West Pleasant Sts.
Evansville

Castrup's
1014 West Franklin St.

EIMAC TUBES ARE THE COUNTERSIGN OF DEPENDABILITY IN ANY ELECTRONIC EQUIPMENT




Ohio Valley Sound Service
Il N. W. Riverside Drive

Wesco Radio Parts
428-430 Pennsylvania St.

Fort Wayne

Ft. Wayne Electronics
Supply, Inc.

223 East Main St.

Pembleton Laboratories

236 East Columbia at Barr St.
Warren Radio Co.

1716 South Harrison St.

Indianapolis

Graham Electronics Supply, Inc.

102 S. Pennsylvania St.

Meunier Radio Supply Co.

524 North lllinois

Radlo Distributing Co.
013 N. Capitol Ave.

Lafayeﬂa
Holmes Radio Supply Co., Inc.
217 Main St.

Muncie

Muncie Electronic Supply
305 North Madison

Standard Radio Parts Co., Inc.
718 South Walnut St.

Peru

Clingaman Radio
814 West Main St.

Richmond

Radio & Television
Distributing Co.
717 South 5th St.

South Bend

Colfax Co., Inc.
802 South Main St.

Radio Distributing Co.
Monroe & Carroll Sts.

Terre Haute

Archer & Evinger
1216 Wamash Ave.

Terre Haute Radio
501 Ohio St

IOWA

Cedar Rapids

Gifford Brown Inc.
106-108 First St., 5. W.

Council Bluffs

World Radio Laboratories, Inc.
3415 - 27 West Broadway

Davenport

Tri-City Radio Supply, Inc.
320 East 4th St.

Des Moines

Gifford Brown, Inc.
1216 Grand Ave.

Radio Trade Supply Co.
1224 Grand Ave.

Dubuque

Boe Distributing Co.
1605 Rockdale Road

Sioux City

Dukes Radio Co.
209 Sixth St.

Power City Radio Co.
408 Jones St.

Waterloo

Farnsworth Radio & Television
623 Jefferson St.

Ray-Mac Radio Supply Co.
200 Ballou St. PRy

KANSAS
Hutchinson

Acme Radlo Supply
327 W. 4th St

lntersfafe Electronic Supply Corp.
St.

325 W. 4th
Pittsburg

Pittsburg Radio Supply
212 South Broadway

Salina

Western Dist. Radio & Supply Co.

227 North Santa Fe

Topeka
Acme Radio Supply
412 E. 10th St.

John A. Costelow Co. Inc.
125 Kansas Ave.

The Overton Electric Co. Inc.
522 Jackson St.

Wichita
Amateur Radio Equipment Co.
1203 East Douglas
Interstate Electronic

Supply Corp

230 Iida, P. O Box 2018
Radio Supply Co.
1125-27 East Douglas

KENTUCKY

Lexington

Electronic Distributors
134 West 3rd St

Kentucky Radioc Supply Co.
376 East Main St.

Radio Equipment Co.
480 Skain St.
Louisville

P. I. Burks & Co., Inc.

911 West Broadway
Universal Radio Supply Co.
533 South Seventh St.

LOUISIANA

Alexandria

Central Radio Supply Co.
509 Monroe St.

Baton Rouge
Electronic Supply Co.
1751-53 North 2ist St.

Lafayette

Ralph's Radio Electronic Supply
3004 Cameron St.

Lake Charles

Wholesale Radio Equipment Co.

230 Bilboa St.
Monroe

Hale & McNeil

421 Walnut St.
New Orleans

Columbia Radio & Supply- Co.
3940 Third Street

Electronic Parts Corp.
205-207 North Broad

Radio Parts, Inc.
807 Howard Ave.

Shuler Supply Co.
415 Dryades St.
Shreveport

Inter-state Electric Co. of
Shreveport, Inc.
630 Spring Street

Koelemay Sales Co.
220 Crockett St.

MAINE

Auburn
Radio Supply Co. Inc.
26 Cross St.

Bangor

Radio Service Laboratory
16 Salem Court

Portland

Maine Electronic Supply Corp.
13 Deer St.

Radio Service Laboratory
1004 Congress St

MARYLAND

Baltimore

Henry O. Berman Co., inc.

12 E. Lombard St.

Kann-Eilert Electronics, Inc.

9 South Howard St.

Radio Electric Service Co.

5 North Howard St.
Wholesale Radio Parts Co., Inc
3311 West Baltimore St.

Cumberland
Zimmerland Wholesalers
162 Bedford St.
Hagerstown
114 E. Washington St.

Salisbury

Almo Radio Co. ’
219 Highland Ave.

MASSACHUSETTS

Boston

DeMambro Radio Supply Co.
1111 Commonwealth Ave.

General Electric Supply Corp.
145 North Beacon

Hatry & Younég of Mass., Inc.
811 Boylston

The Louis M. Herman Co.
885 Boylston Street

A. W. Mayer Co.
895 Boylston St.

Radio Shack Corp.
167 Washington St.

Radio Wire Television, Inc.
110 Federal St.

Brockton

Ware Radic Supply Co.
913 Center St.

Cambridge

The Eastern Co.
620 Memorial Drive

Electrical Supply Corp.
1739 Massachusetts Ave.

Fitchburg

Hatry & Young of Fitchburg, Inc.
390 Water St.

Holyoke
Qakes Electrical Supply Co.
271 Appleton St
Springfield Radio Co.
93 High St

Lawrence

Hatry & Young of Lawrence, Inc.
262 Loweli Street

New Bedford

C. E. Beckman Co.
1} Commercial St.

Pittsfield

Pittsfield Radio Co.
41 West St.

Springfield
T. F. Cushing
349 Worthington St.
Hatry & Young
of Springfield, Inc.
169 Spring Street
Regent Sales Inc.
236 Chestnut St.
Riga Electrical Corp.
376 Worthington St.
Soundco Electronic Supply Co.
147 Dwight St.
Springfield Radio Co.
405 Dwight St.
Westinghouse Electric Supply Co.
46 Hampden St.

Worcester

DeMambro Radio Supply Co., Inc.

222 Summer Street

Radio Electronic Sales Co.

52 Chandler St

Radio Maintenance Supply Co.
9 . 25 Central St.

MICHIGAN

Ann Arbor

Purchase Radio & Camera Shop
605 Church Street

Wedemeyer Electronic Supply Co.

215 N. Fourth Ave.

Battle Creek

Electronic Supply Corp.
94 Hamblin Ave.

Bay City
Kinde Distributing Co
504 Washington g\v
Detroit

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

Radio Electronic Supply Co.
1112 W. Warren Ave.

Radio Specialties Co.
456 Charlotte Ave.

Flint

Shand Radio Specialties
203 West Kearsley St.

Grand Rapids

Radio Electronic Supply Co.
505 Jefferson Ave., S. E.

Jackson
Fulton Radio Supply Co.
265 W, Cortland St.
Kalamazoo

Electronic Supply Corp.
906 East Michigan Ave.

Ralph M. Ralston Co.
201 N. Park St.

Lansing
Wedemeyer Electronic Supply Co.
2005 E. Michigan Ave.

Larium
Northwest Radio

Muskegon

Fitzpatrick Electric Supply Co.
444 trwin Ave. Cor. Wood

Bell-Lourim Electronics, Inc.
1839 Peck St
Pontiac

Electronic Supply Co.
248 East Pike St.

MINNESOTA

Duluth

Lew Bonn Company
228 E. Superior St.

Northwest Radio
123 East First St.
Minneapolis
Lew Bonn Company
1211 La Salle Ave.
Electronic Center, Inc.
107 - 3rd Ave. No.
Northwest Radio & Electronic
Supply Co.
52 So 12th St.
*Stark Radio Supply Co.
71 S. Twelfth St.
St. Paul
Lew Bonn Co.
14] - 147 West Seventh St.

Hall Electric
566 North Robert St.

MISSISSIPPI

Jackson

Swan Distributing Co., Inc.
342 N. Gallatin St. P.O. Box 3201

MISSOURI

Butler
Henry Radio
211 North Main St.
Cape Girardeau
. Suedekum Electronic Supply Co.
. 902 South Sprigg St.
P. O. Box 221
Joplin
4.State Radio & Supply Company
201 Main St.
Kansas City

Burstein-Applebee Company
1012-14 McGee Street

Continental Electric Co.
1321 West 13th St.

Electro-Crafts
1305 Swift, North

Radiolab
1612 Grand Ave.

Poplar Bluff
Tri-State Radio & Supply Co.
636 E. Pine Blvd.

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

St. Louis
Ar-Ka Engineering, inc.
1319 South Vandeventer
Walter Ashe Radio Co.
1125 Pine St.
Interstate Supply Company
26 South Tenth St.
Radonics
5040 Easton Ave.
Van Sickle Radio Co.
1113 Pine St.



Springfield
Reed Radio & Supply Co.
805 Boonville Ave.

MONTANA

Billings

Electronic Supply Co.

214 Eleventh St., West
Butte

Smith Supply Co.

425 So. Arizona St.
Helena

D. N. Latus Co.

1531 National
Great Falls

Geo. Lindgren Co.

P. O. Box 96
Missoula

Northwest Distributors
509 South Higgins Ave,

NEBRASKA
Lincoln

Hicks Radio Company
1422 "'OQ" Street

Leuck Radio Supply
243 South |(th St.

Omaha

J. B. Distributing Co.
1616 Cass St.

Omaha Appliance Co.
18th & St. Mary's

Radio Equipment Co.
2852 Douglas St.

Scottsbluff

Joaquim Radio Supply, Inc.
1913 Broadway - P. O. Box &7

NEVADA
Reno
Ed. Heim Radio & Electronics
1185 Wells Ave.
NEW HAMPSHIRE

Concord
Evans Radio
P. O. Box 312
Dover
American Radio Corp.
Sixth and Chestnut Sts.
Manchester

DeMambro Radio Supply Co.
1308 Elm Street

Radio Service Laboratory
670 Chestnut St.

NEW JERSEY

Atlantic City

Almo Radic Co.
440t Ventnor Ave,

Radio Electric Service Co.
406 North Albany

Camden

Aimo Radio Co.
1133-35-37 Haddon Avenue

Radio Electric Service of

New Jersey, Inc.

513-515 Cooper St.
Newark

Continental Sales Co., Inc.
Bloomfield Ave. at North |1th St.

Federated Purchaser Corp.
114 Hudson St. at Central Ave.

Aaron Lippman & Co.
99-107 Newark St.

Radio Wire-Television, Inc.
24 Central Ave.

Westinghouse Electric Supply Co.
528 Ferry St.
New Brunswick
William Radio Supply Co.
1861 Woodbridge Ave., Route 43
Trenton
Allen and Hurley
25 South Warren St.
NEW MEXICO

Albuquerque

Radio Equipment Co.
523 East Central Ave.
L. B. Walker Radio Co., Inc.
114 W. Granite Ave.

Roswell

Supreme Radio Supply
129 W. 2nd St.

Santa Fe

A-1 Communications Supply Co.
44| Cerrillos Road

NEW YORK
Albany

Fort Orange Distributing Co., Inc.

904 Broadway
E. E. Taylor Co.
465 Central Ave.
Amsterdam
Adlrondak Radio Supply
P. O. Box 88
Binghamton
Federal Radio Sales & Supply Co.
188 State St.
Brooklyn

Peerless Electronics Distributors
Corp.
76 Willoughby St.

Buffalo

Dymac, Inc.
2329 Main St.

Genesee Radio & Parts Company
205 Genesee St.

Radio Equipment Corp.
147 Genesee St.
Cortland
C. A, Winchell Radio Supply Co.
37 Central Ave.
Fredonia
Barker-Higbee, Inc.
27 Water St.

Hempstead
Standard Parts Corp.
277 No. Franklin St.

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

Harrison Radio Corp.
144 - 24 Hillside Ave.

Norman Radio Distributors, Inc.
94-29 Merrick Road

Peerless Radio Distributors, Inc.
92-32 Merrick Road

New York City

Arrow Electronics Co.
82 Cortlandt St.
Electronics Center Inc.
118 Duane St
Federated Purchaser
66 Dey St

Harrison Radio Corp.
225 Greenwich Street

Harvey Radio Co., Inc.
103 W, 43rd St.

Hudson Radio & Television Corp.
t.

48 West 38th S

Hudson Radio & Television Corp.

212 Fulton St.

Midway Radio & Television Corp.
60 West 45th St.

Milo Radio & Electronics Corp.
200 Greenwich St

Radio Wire-Television, Inc.

100 Sixth Ave.

Sun Radio & Efectronics Co., Inc.

650 Sixth Ave.

Terminal Radio Corp.

85 Cortlandt St.
Rochester

Hunter Electronics

233 East Ave.

Masline Radio & Electronic

Equipment Co.

192-196 Clinton Ave., North

Rochester Radio Supply Co.

114 St. Paul St

Syracuse
W. E. Berndt
655 S. Warren St.
Radio Supply Co.
200 Waiton St.
Stewart W, Smith, Inc.
325 East Water St.

Utica

Beacon Electronics, Inc.
411 - 419 Columbia St.

Watertown

Wolmar Distributors, Inc.
Div. of Beacon Electronics, Inc.
108 Lincoln Bldg.

White Plains

Westchester Electronic Supply Co.
ve.

420 Mamaronock

NORTH CAROLINA

Asheville
Freck Radio & Supply Co.
38 Biltmore Ave.
Charlotte

Dixie Radio Suppty Co., Inc
715 W. Morehead

Shaw Distributing Co.
205 W. First St.

Southern Radio Corp.
1625 West Morehead
Greensboro

Johannesen Electric Co.
312 - 14 N, Eugene St.

Southeastern Radio Supply Co.
404 North Eugene St.

Raleigh
Allied Electronics
413 - 415 Hillsboro St.
Southeastern Radio Supply Co.
415 Hillsboro St.
Winston-Salem

Dalton-Hege Radio Supply Co.
924 W, 4th St

NORTH DAKOTA
Fargo
Bristol Distributing Co.
419 N. P. Ave.

Fargo Radio Service Co.
515 Third Ave. N

OHIO
Akron
Olson Radio Warehouse, Inc.
73 East Mill St.

The Sun Radio Co.
110 East Market St.
Ashtabula
Morrison's Radio Supply
331 Center St.
Canton

Armstrong's Electronic Center
1261 Cleveland Ave. Northwest

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

Chambers Electronic
Supply Co., Inc.
1667-71 Central Parkway

Herrllngvr Distributing Co.
15th & Vine Sts.

Hughes-Peters Inc.
1128 Sycamore St.

The Mytronic Co.
121 West Central Parkway

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

Steinberg's Inc.
633 Walnut St.

United Radio, Inc.
1314 Vine St.
Cleveland

Northern Ohio Laboratories
2073 W, 85th St.

Pioneer Radio Supply Corp.
2115 Prospect Ave.

The Progress Radio Supply Co.
415 Huron Rd.

Radio & Electronics Part Corp.
3235 Prospect Ave.

Winteradio, Inc.
1468 West 25th St.
Columbus

Hughes-Peters, Inc.
t1t°- t17 East Long St.

Thompson Radio Supplies
182 East Long St.

Dayton

Hughes-Peters, Inc.
300 W. 5th at Perry

Srepco, Inc.
314 Leo St.

Stotts-Friedman Co.

135 E. Second St.
East Liverpool

D & R Radio Supply

631 Dresdon Ave.
Lima

Lima Radio Parts Co.

600 North Main St.
Springfield

Eberlie's Radio Supply
522 West Main St.

Standard Radio—Springfield, Inc.
119 West Main St
Steubenville
D &R Radno Supply
156 S. 3rd St.
Toledo

The H & W Auto Accessories Co.
26 N. 1lth St.

Lifetime Electronics
1501-05 Adams St.

Warren Radio Co.
1320 Madison Ave.
Youngstown

Radio Parts Co.
230 Boardman St.

Ross Radio Company
325 West Federal St.

OKLAHOMA

Oklahoma City
Radio Supply, Inc.
724 N. Hudson

Tulsa

Electronic Supplies
219 East First St.

Industrial Electronic Supply, Inc.
» 1124 East Fourth St

Oil Capital Electronics Corps.
923 East 4th St.

Radio, Inc.
1000 S. Main St.

S & S Radio Supply Co.
721 S. Detrott St.
OREGON

Eugene

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

United Radio Supply, Inc.
179 W. 8th St.

Medford
Verl G. Walker Co.
P. O. Box 1586
Portland

~ Central Distributors
- 1135 S. W, Washington St.

Fleming & Company
N. W. Broadway at Flanders

Harper-Meggee Co.
1506 N W Irving St.

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

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

Pacific Stationery
Wholesale Radio Dept.
414 S. W. Second Ave.

Portland Radio Supply Co.
1300 W. Burnside St.

Stubbs Electric Co.
33 N W Park Ave.

United Radio Supply, Inc.
22 N. W, Ninth Ave.
Salem

Lou Johnson Company
1051 South Commercial St.

PENNSYLVANIA

Erie
J. V. Duncombe Co.
1041 West 8th St.
Warren Radio, Inc.
12th & State Sts.

Harrisburg
Radio Distributing Co.
915 South 13th St

Philadelphia

A. C. Radio Supply Co.
1539 W. Passyunk Ave,



TR T

Almo Radio Co.
509 Arch St.

Almo Radio Co.
6205 Market St.

Almo Radio Co.

412-16 North 6th St.
Consolidated Radio Co.
612 Arch St.

Herbach & Rademan, Inc.
1205 Cuthbert S$t.

M&H Sporting Gooeds Co.
512 Market St.

Radio Electric Service Co.
N. W. Cor. 7th & Arch Sts.

Radio Electric Service Co.
of Penna., Inc.
3412-14 Germantown Ave.

Albert Steinberg & Company
2520 North Broad St.

Eugene G. Wite
218 South Ilth St.
Pittsburgh

Cameradio
1121 Penn Ave.

Tydings Company

5800 Baum Blvd.
Reading

George D. Barbey Co.

2nd and Penn Sts.
Scranton

Fred P, Pursell
1221 - 27 N. Washington Ave.
Scranton Radio & Television

Supply Co.
519-21 Mulberry St.

Uniontown

Zimmerman Wholesalers
55 Morgantown St.

Wilkes-Barre

Radio Service Co.
346 South Main St.

Williamsport

Williamsport Radio Supply
518 W. Third St.

York

York Radio & Refrigeration Parts

263 West Market St

RHODE ISLAND

Providence
Wm. Dandreta & Co.
129 Regent Ave.
DeMambro Radio Supply Co.
90 Broadway

W. H. Edwards Co.
94 Broadway

SOUTH CAROLINA

Charleston

Radio Laboratories
215 King St

Columbia

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

McElhenny Co., Inc.
1215 Henderson St.

Southeastern Radio Parts Co.
1608 Gregg St.

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

McElhenney Co., lnc.
204 St. John St.

SOUTH DAKOTA

Aberdeen

Burghardf Radlo Supply
. O. Box 3

Sloux Falls

Power City Radio Co.
209 South First Ave.

Watertown

Burghardt Radio Supply
P. O. Box 41

TENNESSEE

Bristol

Roden Electrical Supply Co.
104 East State St.

10-16-53

Chattanooga
Specialty Distributing Co.
135 Market St.
Jackson
L. K. Rush Company
103 Highland St.
Kingsport
Chemcity Radioc & Electric Co.
1019 Bristol Highway
Knoxville

Chemeity Radio & Electric Co.
12 Emory Park

Roden Electrical Supply Co.
808 North Central Ave.

Memphis

Bluff City Distributing Co.
905 Union Ave.

Lavender Radio Supply Co., Inc.

180 South Cooper St.

W & W Distributing Co.

644 Madison Ave.
Nashville

Braid Electric Co.
1100 Demonbreum St.

Electra Distributing Co.
1914 West End Ave.

TEXAS
Abilene

R. & R, Electronic Co.
802-4 Walnut St.

Amarillo

R. & R. Electronic Co.
707 Adams St.

West Texas Radio Supply
1026 W. &th St.

Austin

The Hargis Co.
706 West &th St.

Beaumont

Montague Radio Distributing Co.

760 Laurel St.
Brownsville

Electronic Equipment &
Engineering Co.
1152 East Madison St.

Corpus Christi

Electronic Equipment &
Engineering Co.

805 South Staples St.
Wicks-DeVilbiss Co.
513-15 South Staples St.

Dalias

Crabtree's Wholesale Radio
2608 Ross Ave.

Industrial Electronic Supply, Inc.

134 Leslie St.
Ra-Te!, Inc.
2409 Ross Ave.
Southwest Radio Supply
1820 N. Harwood St.
Wilkinson Bros.
P. O. Box 1169
Denison
Denison Radio Supply
310 W. Woodard St.
El Paso
C. C. McNicol
811 North Estrella
Midland Specialty Co.
425 West San Antonio St.
Reeves Radio Supply
720 North Stanton St.
Fort Worth
Electronic Equipment Co.
917-19 Florence St.
Ft. Worth Radio Supply Co.
1201 Commerce St
Scooter's Radio Supply Co.
509 Commerce St.

Bill Sutton's Wholesale
Electronics
Commerce at 5th St.

Houston
Busacker Electronic
Equipment Co.
1721 Waugh Drive
Electronic Parts Co.
3508 Crawford St.
Geophysical Supply Co.
P. O. Box 2214

Robert E. Franklin Co.
1905 Chartres St.

Gulf Coast Electronics
1110 Winbern St.

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

Harrison Equipment Co.
1422 San Jacinto St.

Houston Radio Supply Co., Inc.
Clay at LaBranch

Lenert Company
2213 Congress Ave.

Sterling Radio Products Co.
1616 McKinney Ave.

Straus-Frank Company
4000 Leeland Ave.
Laredo

Guarantee Radio Supply Co.
1314 lturbide St.

Lubbock

R & R Supply Co., Inc.
706 Main St.

West Texas Radio Supply
1007 Avenue @

McAllen
Rio Radio Supply Co.
P. O. Box 148

San Angelo
Gunter Wholesale Co.
606 South lrving St.
P. O. Box 1505

San Antonio

Arnafeur Headquarfers & Supply
p. O.
Bﬂacon HnH Station

Eiectronics, Inc.
512 Broadway

Mission Radio, Inc.
P. O. Box 2487

Radio & Television Parts Co.
118-20 Seventh St.

Rio Radio Supply Co.
818 San Pedro

Straus-Frank Company
301 S. Flores St.
Tyler

Lavender Radio Supply Co.
502 East Oakwood

Waco

The Hargis Co., Inc.
1205 Washington Ave.

Wichita Falls

Clark & Gose Radio Supply
1203 Indiana Ave.

Mooney Radio Supply Co.
P. O. Box 969

UTAH

Salt Lake City

O’'Laughlin’s Radio Supply Co.
113 East Broadway

S. R. Ross, Inc.

1212 South State St.

Standard Supply Co.
531 South State St.

VIRGINIA
Bristol
Bristol Radio Supply Corp.
31 Moore St.
Norfolk

Radio Equipment Co.
821 West 2Ist St.

Radio Parts Distributing Co.
128 West Olney Road

Radio Supply Company
711 Granby St.

Richmond

The Arnold Company
2810 West Marshall St.

Radio Supply Company

3302 West Broad St.

Wyatt-Cornick, Inc.

Grace at 14th St.
Roanoke

H. C. Baker Sales Co., Inc.

19 Franklin Road

WASHINGTON

Bellingham

Waitkus Supply Co.
110 Grand Ave.

Everett

Pringle Radio Wholesale Co.

2514 Colby Ave.

Seattle
Electronic Supply Corp.
6305 - 49th Ave., S. W

Harper-Meggee, Inc.
960 Repubhgcan St.

Radio Products Sales Co.,

1214 - Ist Ave.
SeaHIe Radlo Supply, Inc.
2147 - 2nd A

Western Elecfromc Supply Co.
717 Dexter Ave.

Westlake Electronic Supply
511 Westlake Ave., North
Herb E. Zobrist Co.

212t Westlake Ave.

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

Harper-Meggee Co.
North 734 Division
Northwest Electronics Co.
North - 102 Monroe St.

Tacoma
C & G Radio Supply Co.
2502-6 Jefferson Ave.
A. T. Stewart Co.
743 Broadway

Walla Walla
Kar Radio & Electric Co.
I2th & Pine Sts.
WASHINGTON D. C.

Capitol Radio Wholesalers
2120 - t4th St. N. W,
Electronic Wholesalers, Inc.
2345 Sherman Ave. W.
General Electric Supply Corp.
705 Edgewood St. N.

Kenyon Radio Supply Company

2020 - 14th Street, N.

Rucker Radio Wholesalers
1312 - 14th St., N. W,

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

Sun Radio
938 "'F' St N, W.

WEST VIRGINIA
Charleston

Chemcity Radio & Electric Co.

103 Clendenin St.
Clarksburg

Trenton Radio Co.
79t Pike St.

Huntington
Electronic Supply, Inc.
422 Eleventh St.

King & Irwin Inc.
~316 Eleventh St.

Morgantown
Trenton Radio Company
300 Grant Avenue

Wheeling

General Electronics
Distributors, Inc.
26 Tenth Si.
WISCONSIN
Appleton
Appleton Radio Supply Co.
1217 N. Richmond St.
Valley Radio Distributors
5i8 N. Appleton St.
Madison
Satterfield Radio Supply
326 W. Gorham St.
Marinette
G. M. Popkey Co.
Main at 9th St.
Milwaukee
Central Radio Parts Co.
1723 W. Fond du lac Ave.
Electro-Pliance Distributors,
2548 W. Lisbon Ave.
Radio Parts Co., Inc.
534-538 West State St.
Wausau
Radio Service & Supply Co.
615 Third St.
WYOMING

Cheyenne
Houge Radio & Supply Co.
2008 Carey Ave.



TUBE

REPLACEMENT
CHART

EITE

GH, INC.

CALIFORNIA

’

Tubes in the column marked "TYPE REPLACED" should be replaced with "EIMAC TUBE TYPE" shown in the first column. Replacement with the
EIMAC TUBE TYPE will require no reductions in voltages or power input or changes in mechanical connections.

Tubes under the heading "NEAR EQUIVALENT" can be replaced with EIMAC tubes provided changes are made in the electrical values or mech-
anical connections. Where an "X appears in the "CHANGES REQUIRED"” column some change is indicated.

TRIODES
NEAR EQUIVALENT
E.I!n:;c Type CHANGES REQUIRED
T" Replaced Type Plat 6rid
ype Ef Bias Socket cote Conmc,
or r
3C24 2576 3C2s X
3-25D3 TUF20 X X X X
V1204 PE130B X
246
DR24G
PEI30A
2C39A GE2C39A
ML38|
ML2C39A
2C39
3X100AI1
2C38
ZP572
GL2C39
3X2500A3 7C24 X X X X
7C28 X X X X
WL473 X X X X
3X2500F3 492R X X X X
25T . 3-25A3 HY30Z X X
3C24 NU30Z X X
24 809 X X
PEI30C GL80? X X
NU809 X X
WL809 X X
1623 X
GL1623 X
NU1623 X
35T 3.50A4 HY40 X X
PE3ST T40 X X
NU40T X X
HY40Z X X X
TZ40 X X X
NU40TZ X X X
155 X X X
8l X X
DR8I X X
GLsl ! X X
NuUsiI X X
wLs!H! X X
812 X X
812H X X
DR812 X X
GLsi2 X X
NU8i2 X X
WwL8I2 X X
357G 3-50D4 4C25 X X
54 X X
356A X X X
808 X X X
DR808 X X X
UHS50 V62
3.5062
BWI I
3048
834

(Effective 1-2-52) Copyright 1952 by Eitel-McCullough, Inc.
(Supersedes sheet dated 11-1-46)

Printed in U.S.A.



TUBE REPLACEMENT CHART—TRIODES (Continued)

NEAR EQUIVALENT

Eimac Type CHANGES REQUIRED
Tube YP T
Type Rephced ype Ef Bias Socket Plate Erid
Connector - Connector
75TH 3-75A3 HYSIA X X X
NUSIA X X X
HY518B X X X
HYSI1Z X X X X
TW75 X X X
8005 X X X
75TL 3-75A2
75T
100TH 3-1000A4 4C22 X X X X
V1218 HF100 X X X X
RK38 Ti25 X X X X
DRI00TH 254 X X X
EEI00TH 810 X X X X
GL8I0 X X X X
wLsio X . X X X
227A X X X
327A X X X
327B X X X
100TL RK36 8000 X X X X
3-100A2 VTi127A X X X
50T
152TH 3-150A3
. 152H
152TL 3-150A2
152L
1527
592/3-200A3 GL592
527 3-300G4
6C21 GLsC21t
250TH 3-250A4 4C32 X X X
Y1220 TWI50 X X X
RK63 354E X X
454H 354F X X X
WL463 X X X X
PE530 X X X
G592 X
8225 X X X
250TL 3-250A2 4C34 X X X
VT30 HV18 X X X
180T KU23 X X X
454 DR200 X X X
EE200 X X X
HF200 X X X
NU200 X X X
T200 X X X
DR300 X X X
EE300 X X X
HF300 X X X
NU300 X X X
354C X X
354D X X X
WL460 X X X
806 X X
G806 X X
WL806 X X
304TH 3-300A3
VT254
304H
WL535
304TL 3-300A2
VT129
304L
3047
WL625




TUBE REPLACEMENT CHART—TRIODES (Continued)

NEAR EQUIVALENT
Eimac Type CHANGES REQUIRED
Tube Replaced Type
Type P Ef Bias Socket c Plafc‘w c G"dlw
450TH 3-450A4 833 X X X
vTi08 357A X X X X
WL450 833A X X X
F450TH DR833A X X X
854H GL833A X X X
E450TH ML833A X X X
WL833A X X X
450TL 3-450A2
300T
854L
750TL 3-750A2
1054L
1000T 3-1000A4
1000UHF
15007 3-1500A3
20007 3-2000A3 HF3000 X X X X
ZB3200 X X X X X
NEAR EQUIVALENT NEAR EQUIVALENT
Eimac CHANGES REQUIRED Eimac CHANGES REQUIRED
Tube Type T Tube Type T -
Tvpe | Replaced ype Plate | Grid Type | Replaced ype Plate | Grid
YpP Ef Bias |Socket| Con- | Con- YP Ef Eg { Socket; Con- | Con-
nector | nector nector | nector
4PR60A 5D21 2-25A 25R 3B24W X X
715C WL5798 X X X
4.60A
715A 2-50A 35R
7158 253 HK253 217C X
4.65A 57 X X 317c X
4.125A | 4D2I 4E27 x | x| x 8020/100R wiste
4D23 RK65 X X 2.[00A
AT340 257 X X X ©L8020
PE340 2578 X X X DR8020 R
AT257C X X X EE8020 .
PE257C X X X R&174
813 X X X X 10OR
VT144 X X X X
GL8I3 X X X X 866A /866 | VT46A
ML8I3 X X X X C866A
NU8I3 X X X X C886
WL8I3 X X X X RCA866A
8001 X X X UE966
WL866A /866
4X150A 4X100A X GL866A/86b
NU866A /866
4-250A 5D22 363A X X X 3096
5D24 GL592 X X X X UE966A
F366A
4-400A 4.250A UX8b6
RK866
4X500A RK6D22 X X X X X T865A /866
CEBb5A /866
PENTODES 3572
EEB866A /866
Eimac Type Type Replaced gf?
4E27A/5-125B 257 3828
2578 3827
800! 3B25
4E27
5-1258B {Continued on Back Page)




RECTIFIERS (Continued)

CONDENSERS

. NEAR EQUIVALENT . NEAR EQUIVALENT
Eimac Type Eimac Type
Tube CHANGES REQUIRED Tube CHANGES REQUIRED
Type | Replaced | Type Type | Replaced | Type °
Plate | Grid C + H
Ef Eqg | Socket| Con- | Con- onneciors Spacing
nector | nector
VC6-20 VCé
2-150D 152RA
250R 2-250A
TR40M vC12-20 vCi2 GLIL2i X X
3718 GLiL25 X X
DR3718
NU371B
GLI3 X X
RX21A RX21
KY21A | KY21
VC50-20 VCs0 GLiL23 X X
872A VT42A GLiL38 X X
872
UE972
NU872A /872 VC6-32 YCsb
C872A
F872A
F353A
RCAST2A vCi2-32 vCi2
F353
T872A/872
3070 VC25.32 vCa2s
GL872A
CE8T2A
WL872A/872 VC50-32 vC50 .
F8728
BB872A
Comparable types arranged in serial order of their dominant number.
FOR USE FOR USE FOR USE FOR USE FOR USE
TYPE NO. EIMAC TYPE NO. EIMAC TYPE NO. EIMAC TYPE NO. EIMAC TYPE NO. EIMAC
eLiL2! YCI2-20 4E27 4E27A /5-1258 il VTI08 450TH AT340 4.125A WLE09 257
eLiL2 VC25-20 5021 4PR6DA TI25 100TH PE340 4.125A glo 100TH
6LiL23 VC50-20 5D22 4-250A VT127A 100TL 354C 250TL 6L810 100TH
GLIL2s VCi2-20 5D24 4.250A vTI29 304TL 354D 250TL wLBI0 100TH
GLIL3S vC25-20 6LsC2) $C21 PEI30A 3C24 384E 250TH 81l 35T
GLiL3s ¥C50-20 RK6D22 4X500A PEI30B 3C24 354F 250TH DR8I | 35T
2C38 2C39A 7C24 3X2500A3 PEI30C 251 356A 176 GLsli 35T
2-100A 100R 7C25 3X2500A3 VTi30 250TL 357A 450TH NUSI kLY
2-250A 250R BWI! UHs0 vTi# 415A 383A 4-250A wis!} 357
6L2C39 2C3%9A HYI8 250TL 1507 250TL 3718 250R 812 35T
ML2C3? 2CI9A TUF20 3C24 TWI50 250TH DR3718 250R 812H 35T
3.25A3 257 U2 250TL 152H 152TH NU3718 250R DR8I12 3851
3.25D3 3C24 24 257 152L 152TL ML38I 2C39A GL8i2 35T
3.50A4 357 4G 3C24 I52RA 2-150D E450TH 450TH NU8I2 35T
3.5004 3576 DR24G 3C24 1527 152TL 50 450TH wisi2 357
3.5062 UHS50 2576 3C24 DR200 250TL WwL450 450TH 813 4-125A
3.75A2 75TL HY30Z 257 EE200 250TL 6L45| 8020 / 100R clei3 4.125A
3.76A3 75TH NU30Z 257 HF200 250TL 454H S0TH ML8I3 4-125A
3-100A2 100TL PE3ST 35T NU200 250TL 454L 250TL NUBI3 4.125A
3-100A3 100TH RK36 100TL 1200 250TL WL4s0 250TL wiLsi3 4.125A
3-150A2 §52TL RK38 100TH V1204 3C24 WL453 250TH 8225 250TH
3-180A3 152TH HY40 357 V1218 100TH wL473 3X2500A3 833 450TH
3-250A3 250TL HY40Z 357 v1220 250TH 492R 3X2500F3 833A 450TH
3.250A4 250TH NU40T 387 27A 100TH WL525 304TL DR3IA 450TH
3-300A2 304TL NU40TZ 357 HK253 253 PES30 250TH GL8I3A 450TH
3-300A3 304TH 140 357 254 100TH WL535 304TH ML833A 450TH
3-300 527 TR4OM 250R V254 304TH 572 2C39 WL83IA 450TH
3-450A2 450TL 40 357 257 4E27A /5-1258 wL578 8020 / [00R 834 UHS0
3-450A4 450TH 0T 100TL 2578 4E27A /5-125B G6L592 592 /3-200A3 854H 450TH
3.750A2 750TL HYSIA 75TH PE257B 4E27A /5-1258 || 6L592 250TH 854L 450TH
3-1000A4 10007 HYsIB 75TH AT257C 4E27A 75-1258 [|| 715A 4PREOA 1000UHF 1000T
3-1500A3 15007 HYSIZ 75TH PE25IC 4E27A /5-1258 | 7158 4PR6DA 1054L 750TL
3-2000A3 20007 NUSIA 75TH DR300 250TL 715C 4PRS0A 1623 257
icH 257 31T6 EE300 250TL R6174 8020 / 100R GL1623 257
3C2s C24 55 35T HF300 250TL 804L 450TL NUI623 257
3C34 257 VT62 UHs0 NU300 250TL 806 250TL HF3 20007
3X100A11 2C9A RK3 250TH 3007 a50TL GL80s 250TL 8000 100TL
iCn 100TH RK5 4125A 3048 UH50 WL80s 250TL 8001 4E27A /5-1258
4C25 BTG 757 75TL 304H 304TH 8 816 8005 75TH
aC32 250TH 5 75TH 304L 304TL DR808 3576 8020 8020 / 100R
4C34 250TL DRIOOTH 100TH 3047 304TL 809 257 DR8020 8020 / 100R
4p2| 4-125A EE100TH 100TH 377A 100TH GL809 257 8020 8020 / 100R
4Db23 41BA HF100 100TH 3278 100TH NUB09 257 L8020 8020 / 100R




VACUUM TUBES

TUBE TYPE

2-01C $
2-25A

2-50A
2-150D
2-240A
2-2000A
2C39A
3K20,000LA
3K20,000LF
3K20,000LK
3W5000A3
3W5000F3
3W10.000A3
3X2500A3
3X2500F3
3X3000A1
4-65A
4-125A
4-250A
4-400A
4-1000A
4E27A/5-125B
4PR60A
4W20,000A
4X150A
4X150D
4X150G
4X500A
4X500F

PRICE

15.25
11.00
13.75
19.25
66.00
214.50
34.00
2,975.00
2,975.00
2,975.00
198.00
198.00
957.00
198.00
198.00
198.00
20.00
30.25
41.25
60.50
132.00
35.75
90.00
1,850.00
48.00
48.00
54.00
121.00
93.50

TUBE TYPE

6C21
KY21A
RX21A
257
35T
35TG
75TH
75TL
100TH
100TL
152TH
152TL
250R
250TH
250TL
253
304TH
304TL
450TH
450TL
592/3-200A3
750TL
866A
872A
1000T
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 PRICE
VC6-20 $15.00
VCé6-32 17.25
VC12-20 16.50
vCi2-32 20.00
VC25-20 20.00
VC25-32 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

AlIR SYSTEM SOCKETS

TYPE

4-400A /4000
4-400A /4001
4-400A /4006*
4-1000A /4000
4-1000A /4001

4X150A /4000
4X150A /4001
4X150A/4006*
4X150A/4010
4X150A /4011

4-1000A/4006*

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" - -
1-7/18"-

PRICE

$1.65/1t.
1.80/ft.
2.00/ft,

VACUUM PUMP & GAUGE

TYPE PRICE
HV-1 $125.00
Pump Oil - Qt. 5.00
100 IG 22.50

VACUUM SWITCH

PRICE
Vs-2 $13.25
12V Coil 11.75
24V Coil 12.50

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



Bl OIL DIFFUSION PUMP

A glass barrel, triple-jet, air-cooled
vacuum pump of the oil-diffusion type.
Ultimate vacuum of 4 x 1077 mm of
mercury. Speed without baffle ap-
proximately &7 liters per second.
Simple to operate, requires no in-
tricate adjustment or special tools for
assembly. Heater voltage 110 volts.
Current 1.7 amperes. Overall length
below high-vac manifold [6/2"". Ship-
ping weight I8 pounds. Complete
assembly includes flanges and nipples
for connecting to high-vac manifold
and forepump system, together with
necessary gaskets and complete oper-
ating instructions.

PRICE $125.00

PUMP OIL

An especially prepared petroleum
product compounded to afford
ultimate in high vacuum. Absence
of "light ends" eliminates oil
contamination to high vacuum
system without use of liquid air
or charcoal traps.

PRICE, QT. $5.00

ION GAUGE

Essentially a triode vacuum tube
with a pure tungsten filament for
measuring pressures from 10-3 to
less than 10-8 mm of mercury.
Constructed of "hard" glass for
sealing to nonex glass vacuum
systems,

PRICE $22.50

ALL PRICES SUBJECT TO CHANGE WITHOUT NOTICE

VACUUM
PUMP

PRICE LIST

June 1, 1950

EIMAC | NO..
PART NO, REQ,

e

D-3 — 3 Necpreiis Gasket foF

DESCRIPTION

.

$ 1.65

; : 3" Coupling

4911 : 1 ' Jot Assembly ' 40.00
: Neoprene Gasket for

D-9 { 1 1" Coupling ; 1.25

917 1 | Pump Barrel Assembly 70.00

914 1 ~ Manifold Adaptor 20.00
8911 | 1 | Forevac Nipple 15.00
D15 2 1" I a5
D-22 | 2 3" Insort B
911 1 Baffle Assembly . 850

79]22 1 ¢ 3" Flange Assembly* 25.00

7913 1 1" Flange Assembly* . 10.00

D-10 . 6 Springs .10

“¥Each flange assembly includes necessary tlanges, gaskets, inserts,
bolts and hardware.

The Eimac HV-1 vacuum pump and its allied components
have for many years been the standby for one of the
most exacting of vacuum techniques—the evacuating of
radio transmitting tubes on a production basis. They have
also been thoroughly proven in many other fields of

endeavor.

The Eimac engineering staff will gladly supply further
information to assist in your employing the HV-1 to fulfill

your vacuum requirements.

Printed in U.S.A. 2-64581




PRICE

January 1, 1955

1KO15XA  § 180.00 4X150D 41.50 $ 4800 HR-1 $ .60 HR-6 $ .80
1K015XG 180.00 4X1506 54.00 HR-2 .60 HR-7 1.60
2-01C 15.25 4X500A 121.00 HR-3 .60 HR-8 1.60
2-25A 11.00 4X500F 93.50 HR-4 .80 HR-9 3.00
g-?goAD :3;: 6C21 77.00 HR-5 .80 HR-10 1.60
s v EE (me el
2-2000A 214.50 .
2C39A 24.00 257 9.00
3C24 12.00 35T 10.50 4-400A /4000 $16.00
3K20,000LA  2,975.00 351G 16.00 4-400A /4001 12.00
3K20,000LF 2,975.00 75TH 13.25 4-400A /4006* 6.00
3K20,000LK  2,975.00 75TL 13.25 :—}gggﬁ/:gg‘l’ ﬁ-gg
3K50,000LA  4,200.00 100TH 18.25 4:,0°°A§4°°6* 7.50
3K50,000LF  4,200.00 100TL 18.25 4X150A /4000 18.00
3K50,000LK  4,200.00 152TH 28.75 4X150A /4001 17.50

_ 3K50,000LQ  4,200.00 152TL 28.75 4X150A/4006* - -60

4X150A /4010 20.15

3W5000A3 198.00 250R 22.00 4X150A /4011 19.70
3W5000F3 198.00 250TH 33.00 L
3IW10,000A3  957.00 253 20.50 il
3X2500A3 198.00 304TH 60.50
3X2500F3 198.00 304TL 60.50
g’gggg;‘ :z:-gg 450TH 77.00 17/32" - - - - $1.65/#t.
4-65A 20.00 450TL 77.00 ?”73/21(, ool }'8852‘
4.125A 30.25 592/3-200A3  30.25 . .
4-250A 41.25 750TL 137.50
4-400A 60.50 866A 2.45
4-1000A 132.00 872A 8.20
4E27A/5-125B  35.75 10007 137.50 HV-1 $125.00
4PR60A 90.00 15007 220.00 Pump Oil - Qt. 5.00
4W20,000A  1,850.00 2000T 275.00 100 IG 22.50
4X150A 41.50 4806 8020(100R) 15.00

VCé6-20 $15.00 vC50-20
VC6-32 17.25 VC50-32
VCi2-20 16.50 VVC60-20
vCi2-32 20.00 VVC2-60-20
vC25-20 20.00 VVC4-60-20
vVC25-32 23.25

$ 24.25
27.50
66.00

147.50
284.00

ALL PRICES SUBJECT TO CHANGE WITHOUT NOTICE

Vs-2
VS-5
Vs-6
12V Coil
24V Coil

$18.00
24.00
32.00
7.50
8.50

Tube Extractor for 4X150A,
4X150D, 4X150G

$ .55

Printed in U.S.A. 6-84845



APPLICATION BULLETIN NUMBER I

, - | CRYSTAL
| EITEL-McCULLOUGH, INC.: CONTROLLED
DIATHERMY

SAN BRUNO, CALIFORNIA

.THE APPLICATION OF CRYSTAL CONTROL TO DIATHERMY

The obvious advantages of operating diathermy and r-f heating equipment within the frequency
bands recently assigned for this service by the FCC makes the use of crystal control attractive, if eco-
nomically feasible. This bulletin describes a 400 to 500-watt crystal-controlled diathermy unit em-
ploying an Eimac 4-250A tetrode as a power amplifier in the output stage. The unit provides for
the necessary frequency stability, control of output, circuit simplicity and safety to both operator and
patient. Due to the low driving power requirements of the 4-250A, a minimum of equipment is needed
for adequate frequency control. The exciter unit consists mainly of receiving type tubes and small
parts. The complete unit is no larger than many existing outmoded self-controlled oscillators serving

. the same purpose. As the frequency is controlled within a band assigned for diathermy use, shield-
ing is not required to prevent interference with communication services.

CIRCUIT

The circuit (Fig. 5) employs a crystal having a fundamental frequency one:fourth the output fre-
quency of 27.32 Mc. This scheme would be applicable to either of the other two assigned diathermy
frequencies, 13.66 Mc. or 40.98 Mc., as crystals having fourth harmonics within this range are avail-
able.” The oscillator stage employs a 6AG7 operating as a Pierce oscillator in the grid-screen section,
and doubling in the plate circuit. This is followed by a 6L6 doubler stage. With approximately 425
volts plate supply for these two tubes, the 6L6 easily delivers adequate grid excitation to the 4-250A.

The plate of the 4-250A is shunt-fed through an r-f choke, to allow d-c grounding of the plate
tank circuit, as a safety measure. The maximum plate voltage applied to the 4-250A is 3000 volts.
Power is taken from the output circuit via a matching network which allows an efficient transfer of
energy for various forms of application. A small pilot lamp inductively couplea to the output leads
indicates presence of maximum output to the patient, while a plate-current meter indicates the degree
of loading.

The 4-250A does not require neutralization at the frequency on which this unit operates, if rea-
sonable precautions are taken regarding by-passing and shielding. All r-f circuits preceeding the
4-250A have been placed under the chassis, to prevent capacitive coupling around the power amplifier
stage. The 6L6 in the doubler stage is of the metal-envelope type, with the envelope grounded via
a short lead, to prevent capacitive coupling between the plate of the 4-250A and the plate of the 6L6.
The filament and screen by-pass capacitors in the 4-250A stage are returned to ground by short, direct
leads.

It has been found that the 4-250A plate circuit, once set for resonance, needs no further adjust-

" ment with changes in loading. The plate tank capacitor control might well be placed behind the panel
out of immediate reach, as it is not required as an operating control.

A SERVICE OF THE APPLICATION ENGINEERING DEPARTMENT OF ElTEL-McCULLOUGH INC
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THE APPLICATION OF CRYSTAL CONTROL TO DIATHERMY

CONSTRUCTION

A wooden cabinet 16 by 22 by 48 inches houses the equipment. Space is available for the stor-
age of cords and pads in a small cupboard below the control panel. Two chassis 17 by 13 by 3 inches,
one for the r-f section, the other for the low and high power supplies, provide ample space for con-
struction. The power supply chassis rests on cleats provided at the base of the unit, while the r-f
section is situated behind the control panel to which it is attached. The two units may be removed
through the rear of the cabinet, which is normally covered with a single partition. As air cooling
of the 4-250A base structure is required, and envelope cooling is advisable, a unique ventilating sys-
tem has been incorporated in the diathermy unit to provide both types of cooling. A 15 by 20 by 2
inch glass-type dust filter is located in the bottom of the cabinet, below the power supply. Air is
drawn by a 6-inch fan through the filter, around the power supply chassis, up behind the storage space,
and exhausted through a screened opening six inches in diameter behind the r-f section. The fan is
centered in this opening but is attached to the side of the cabinet, allowing easy removal of the rear
partition when desired. Air, in passing into the upper section of the cabinet, is also drawn under the
r-f chassis and through the socket in sufficient quantity to provide adequate cooling of the 4-250A
base structure. The r-f chassis does not completely block the flow of air into the upper section con-
taining the fan and outlet opening, as the entire volume of air is not required to cool the tube base.’

CONTROLS

The output to the applicator pads is smoothly controlled by a continuously variable autotrans-
former in the high voltage transformer primary. Since the 4-250A screen voltage is obtained by means
of a series dropping resistor from the plate supply, no separate control is required for screen voltage,
and the voltage on the screen due to changes in the loading preliminary to or during treatment is self-
regulating to the extent that no adjustment is necessary. The main controls for adjustment to the
patient are a time switch as a guard against overdose due to unintentional duration of treatment, the
autotransformer power adjustment, and the.output load matching control. As a precaution against
maladjustment, an overload relay protects the equipment. A reset button for the overload relay is
provided on the control panel. ‘

RESULTS

The output has been found to be more than ample for normal therapeutic treatment. In many
cases a smaller tube such as the Eimac 4-125A in the amplifier would deliver adequate power, with a
resulting saving in the cost of the tube and certain components.

Tests on f‘requency stability indicate that there is no appreciable change in frequency either from
varying load conditions or from drift due to temperature changes. The frequency drift during the first
ten minutes from a cold start measured approximately 800 cycles at the output frequency of 27.32
Mc. The frequency shift from changes in loading and power was so slight as to be inconsequential.
Stability of this sort is a great improvement over self-controlled oscillator devices, many of which shift
frequency violently, often rendering whole bands of communications frequencies completely useless.

! The sixth harmonic, using the combination of 3X in the 8AG7 and 2X in the 6Lé, would Jower the crystal frequency still further, if desired
and yet provide ample excitation for the 4-250A.

TWO
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FIG. |—Front view of the experimental crystal-controlled dia-
thermy unit. Apparatus on the panel includes, autotransformer
control, PA plate meter, output tuning control, interval timer, PA
plate tuning control, output jacks, output indicator lamp, oscilla-
tor and doubler tuning controls {screwdriver adjustment}, power
switches and pilot lamps.

THE APPLICATION OF CRYSTAL CONTROL TO DIATHERMY

ch e

FIG. 4—Bottom view of the r-f section chassis. All r-f circuits
preceeding the 4.250A plate circuit are placed under the
chassis, to prevent unwanted feedback around the power amp-
lifier stage. Holes in the 4-250A socket allow adequate circula-
tion of air through the tube base, with the aid of the exhaust
fan above the chassis.

%
FIG. 2 Complete r-f section of the diathermy unit. The two
tuning capacitors for the output network are visible at the upper
left of the panel. One of the capacitors is used as a fixed pad-
ding capacitor, the other is adjustable from the front panel.

FIG. 3—Rear view of diathermy unit {rear partition removed}.
Removing the rear partition allows access to exciter-section
metering jacks, fuses, and overload relay shunt. Note exhaust
fan supported from left side of cabinet.

1]
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THE INFORMATION PRESENTED HEREIN 1S BASED ON DATA BELIEVED ACCURATE, BUT NO RESPONSIBILITY
iS ACCEPTED FOR THE SUCCESSFUL APPLICATION OF THE SYSTEMS OR PRINCIPLES DISCUSSED. LIKEWISE. NO
REPONSIBILITY IS ASSUMED FOR PATENT INFRINGMENT, IF ANY, RESULTING FROM THE APPLICATION OF THIS .
INFORMATION ' ,\-/.

PERMISSION TO REPRINT THIS OR OTHER APPLICATION BULLETINS WILL ORDINARILY BE GRANTED UPON
REQUEST.
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NUMBER 3
PULSE

SERVICE
NOTES

REVISED 1-19-53

PULSE SERVICE NOTES

In pulse service, where the “‘on-time’’ is
small compared to the ‘‘off-time,”’ Eimac tubes
with their ample reserve of filament emission
and freedom from internal insulators can be
run to a much higher peak-power than is per-
missible in continuous services. In continuous
service, the published voltage and current
maxima of Eimac tubes are generally set at
values considerably less than the inherent
limitations of the design, due to the need to
consider the average power dissipated on the
anode, grids, and entire tube structure. In
pulse service, it is usually reasonable to in-
crease the applied electrode voltages and
resulting pulse currents above the maximum
values shown for continuous service on the
data sheets.

Because of the wide variety of operating
conditions in pulse service, it seems advisable
to indicate possibilities of tube performance
rather than specific operating conditions. [t
is the user’s responsibility to see that no basic
limitations of the tubes are exceeded and to
introduce factors of safety according to the
needs of the particular application.

The principal basic limitations of the tube
are given below:

1. Average Electrode Dissipation. The
dissipation limits of the electrodes are
given on the tube data sheet and
usually under Radio Frequency
Power Amplifier or Oscillator Service.
The dissipation must be average over
a full repeated pulse cycle. The length
of the applied pulse must not be so
great that the temperature rises ex-
cessively on any one pulse. Pulse times
as high as 0.1 second are often not
unreasonable. Above about 0.1 sec-
onds the rise in temperature of the
electrodes rather than the average
power during the pulse becomes the
basic limitation and this type of serv-
ice is discussed under Item 5, Long
Pulse Operation.”’

Usually, the average electrode dissi-
pation is the product of the dissipa-
tion on the element during the on-
time, multiplied by the duty cycle
{ratio of on-time to a full cycle

time) . This assumes that the pulse is
essentially a square wave. The dissi-
pation may be considerably greater if
intermediate values of current be-
tween zero and the maximum value
flow for appreciable time. Sometimes
uneven heating of an element may be
a further limitation. In the case of a
radiation-cooled anode, this effect is
apparent and the temperature of the
hottest spot should not be allowed to
exceed the normal maximum anode
temperature.

Envelope and Seal Temperatures. The
temperature requirements of the bulb
and seals will be met if the ordinary
cooling instructions are followed. In
continuous radio frequency service, a
limiting upper frequency is usually
specified above which operation at
reduced ratings or increased cooling
is recommended. In pulse service
above this frequency, care should be
taken to see that the heating of the
leads due to rf charging currents will
not be greater than normal.

. Available Cathode Emission. in con-

tinuous service, the tube currents are
usually limited by dissipation of the
electrodes and for convenience are
given in terms of dc components read
on a meter external to the tube. In
pulse service, one neéds to know the
available total cathode emission in
order to engineer the application.

With thoriated tungsten filaments
operating at rated voltage in Eimac
tubes, the available emission through-
out life is above 80 milliamperes per
watt of filament power. By raising the
filament voltage 10%, this figure
can be approximately doubled. Above
109%, the emission will not be further
increased, except for short periods of
time due to the failure to maintain
the optimum emitting surface con-
ditions.

With oxide coated cathodes, the
available peak emission is not clearly
defined or as easily generalized as in
the case of thoriated tungsten fila-
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When, in 1936, government engineers first tried Eimac tubes as pulsed oscillators,
radar became a reality in the United States. The ability of standard Eimac tube types
to withstand voltages many times in excess of their maximum CW ratings and to de-
liver high orders of emission current over relatively long periods of time made pos-
sible the attainment of the high peak power required for a practical radar system.

Throughout the years since 1936, the development of improved pulse equipment
has been paced by new Eimac tubes and the continual improvement of existing types
for better and more reliable operation under pulsed conditions.

Important milestones in the use of Eimac tubes in pulse service are:

Eimac 100T tubes used as pulsed VHF oscillators in the Navy’s first radar tests at
sea aboard the USS New York in 1938.

Eimac VT-127’s, a modification of the 100T used as oscillators and Eimac 304T’s
used as modulators in the SCR-268, one of the Army’s first radar sets.

Eimac 15E and 15R miniature transmitting tubes developed for and used as pulsed
oscillators and high voltage rectifiers in ASB airborn search radar.

Eimac 327A and 227A tubes developed for use as pulsed oscillators in Navy search
radar sets of the SC and SK series.

Eimac 527 tube developed for and used in SK-1M and SR radar for high-power
search.

Eimac 1000T, later modified for mass production and designated 6C21, used as
modulator for the Armys famous SCR-584 radar.

During World War II Eimac produced nearly 2 million tubes of its own design for
pulse service. In the process of developing and producing these tubes Eimac has
gained ‘“‘know how” about the pulse operation of tubes which is unequaled in the
vacuum tube industry. This knowledge has made it possible to develop new tubes
having outstanding characteristics for pulse operation. Among these tubes are oscil-
lators and amplifiers capable of delivering pulse powers from a few tens of kilowatts
to megawatts and modulators which will key currents from a few amperes to hundreds
of amperes.

Years of experience have been gained regarding the pulse capabilities of standard
Eimac types. Some of this information is presented on the following pages. However,
many pulse applications are so specialized in nature that they do not lend themselves
to general rules or tabular presentation. If your problem is of this sort, avail your-
self of the services of the Eimac Field Engineering Department.



ments. It appears that the available emission for
pulse work in typical oxide coated cathodes used
in Eimac tubes can cagnservatively be estimated as
500 ma. per watt of heater power. This figure as-
sumes that the pulse duration is not over about
3 micro-seconds.  There is some evidence that
above 3 micro-seconds, the maximum usable space
current may have to be reduced.

4. VOLTAGE INSULATION. The breakdown voltage
of Eimac tubes is usually well above the values
given for continuous service. The basic limit is
related to the maximum instantaneous voltage ap-
plied to the anode of the tube at any instant. It
is also somewhat affected by the regulation of the
supply voltage and length of time the voltage is
applied. The accompanying table is a rough guide
to the values of dc anode voltage that can be ap-
plied to the tube.

5. LONG PULSE OPERATION. When the length of
the applied pulse exceeds about 0.1 seconds {100
milliseconds) the power limitation is no longer the
average power dissipated on the electrodes and
one must consider the temperature rise of the
electrodes [principally the grid wires} during the
time the pulse is on. If the pulse duration is in
excess of 2.5 seconds the tube must be treated
as in continuous service and the normal data sheet
ratings apply.

The maximum capabilities of a thoriated tungsten
tube in pulse service when the pulse duration is
between 0.1 seconds and 2.5 seconds can be com-
puted by using the accompanying curve and table.

As long as the off-time between pulses is 5 sec-
onds or more the pulse may be repeated even
though the maximum tube capability for a given
pulse length is utilized. Because the grid dissipa-
tion is the principal limitation, the curve and table
give factors to compute the permissible grid dis-
sipation during the pulse. The product of the two
factors is the number of times the rated grid dissi-
pation can be exceeded for a given pulse dura-
tion. The factor from the curve is to be used di-
rectly for the plate and screen dissipation.

When first running up the voltage on a tube in pulse
service, or after the tube has been idle for some time occa-
sional internal flash breakdowns in a tube are to be ex-
pected. The circuit should be designed so that the high rush
of current and resulting high transient voltage surges will
not be destructive to equipment. The transients, due to
momentary breakdown of the insulation of the vacuum space,
have very high frequency components. As a consequence,
high voltages will develop across small lead inductances.
Spark gaps, bypass capacitors and inductance filters are
often used to dissipate or divert this energy into harmless
channels.

Protective devices should be designed to remove the
applied voltage quickly when a breakdown occurs. If over-
load protective action is fast, and the regulation of the
source voltage poor enough, no damage to the tube will
result and operation can be resumed.

No guarantee is made that the tube will not break
down at the voltages given on the chart. It is estimated
from considerable experience that these are approximately
safe maximum values to be considered in design work.

’Indicafes Revision

PULSE SERVICE NOTES

MAXIMUM RATINGS FOR PULSED SERVICE

MAXIMUM PLATE VOLTAGE

RF Service {RF ée;;ice M Pul:e SMax. Grif Factor
Tube Type Pubed | Palsed | Serice | Voiege | Polss

Kilovolts | Kilovolts | Kilovolts | Kilovolts { Operation*
2C39A 35
3C24 10 7.5 15 .68
3X2500A3 15 10 25 .68
3X2500F3 I5 10 25 68
3WS5000A3 15 i0 25 .68
3WS5000F3 15 10 25 68
4E27A/5-1258 12 9 18 2.0 1.68
4-65A 10 7.5 15 2.0 57
4-125A 12 9 18 20 1.87
4-250A 15 10 20 25 2.7
4.400A 15 10 20 25 2,7
4-1000A 20 15 30 25 1.54
4PR&OA 20 1.5
4X150A 2 3 1.0
4X150D 2 3 1.0
4X1506 2 3 1.0
4X500A 10 75 15 2.0 95
4X500F 10° 7.5 15 2.0 95
6C21 20 i5 30
ISE 12.5 10 15
25T 10 7.5 I5 J7
35T 10 175 Is .84
35TG 10 15 15 .84
UH-50 5 4 75
75TH 12 9 17 67
75TL 2 9 17 62
100TH 15 10 20 1.01
100TL 15 1o 20 f.rt
152TH 12 9 18 T4
152TL 12 9 18 .65
250TH 18 I5 25 1.03
250TL 18 15 25 .89
304TH 12 9 18 Tl
304TL 12 9 18 .65
327A 20 15 30
450TH 20 15 30 1.09
450TL 20 15 30 1.0
527 20 18 30
592/3-200A3 18 15 25 .80
750TL 20 15 30 1.09
1000T 20 15 30 I.1
1500T 20 15 30 1.61
20007 20 15 30 . 1.8

*Combine with factor taken from curve for various pulse duration times.

cxig 2 [T 17
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APPLICATION BULLETIN

EITEL-McCULLOUGH, INC..

SAN BRUNO. CALIFORNIA

NUMBER 4
CLASS C

AMPLIFIER

CALCULATIONS

CLASS C AMPLIFIER CALCULATIONS WITH THE AID OF CONSTANT CURRENT CHARACTERISTICS

In calculating and predicting the operation of a
vacuum tube as a class-C radio frequency amplifier,
the considerations which determine the operating
conditions are plate efficiency, power output re-
quired, maximum allowable grid and plate dissipa-
tion, maximum allowable plate voltage and maxi-
mum allowable plate current. The values chosen
for these factors will depend both on the demands
of a particular application and the tube selected to
do the job.

The plate and grid currents of a class-C amplifier
are periodic pulses, the durations of which are al-
ways less than 180 degrees. For this reason the
average plate and grid currents, power output,
driving power, etc., cannot be directly calculated
but must be determined by a Fourier analysis from
points selected along the line of operation as plotted
on the constant-current characteristics. This may
be done either analytically or graphically. While
the Fourier analysis has the advantage of accuracy,
it also has the disadvantage of being tedious and
involved.

An approximate analysis which has proven to be
sufficiently accurate for most purposes is presented
in the following material. This system has the ad-
vantage of giving the desired information at the
first trial. The system, which is an adaption of a
method developed by Wagener', is direct because
the important factors, power output, plate efficien-
cy and plate voltage may be arbitrarily selected at
the beginning.

In the material which follows, the following set
of symbols will be used. These symbols are illus-
trated graphically in Figure 1.

Symbols

P; =Plate power input
P, =Plate power output
» = Plate dissipation
n =Plate efficiency expressed as a decimal
Ewr=D-c plate supply voltage
E,n =Peak fundamental plate voltage
ebmin =Minimum instantaneous plate votage

I, =Average plate current

I,m =Peak fundamental plate current

ibmax =—Maximum instantaneous plate current
8, =0One-haslf angle of plate current flow

E.. =D-c grid bias voltage (a negative quantity)
} E. =D-c screen voltage

1 W. G. Wagener ''Simplified Methods for Computing Performance of
Transmitting Tubes,' Proc. LL.R.E., Vol. 25, p. 47, (Jan. 1937).

(Reprinted from the Eimac News Industrial Edition, March 1945)
> Indicates Revision 11-10-49

E¢m =Peak fundamental grid excitation voltage

e.mp =Maximum positive instantaneous grid voltage

I. =Average grid current

iemax =Maximum instantaneous grid current

Ps =Grid driving power (including both grid and
bias losses)

Py =Grid dissipation

@ =Amplification factor of triode

t1z =Grid-screen amplification factor of tetrode
Method

The first step in the use of the system to be de-
scribed is to determine the power which must be
delivered by the class-C amplifier. In making this
determination it is well to remember that ordinar-
ily from 5 to 10 per cent of the power delivered by
the amplifier tube or tubes will be lost in well-de-
signed tank and coupling circuits at frequencies be-
low 20 Mc. Above 20 Mec. the tank and coupling
circuit losses are ordinarily somewhat above 10
per cent.

The plate power input.necessary to produce the
required output is determined by the plate effici-
ency:

For most applications it is desirable to operate
at the highest possible efficiency. High-efficiency
operation usually requires less expensive tubes and
power supplies, and the amount of artificial cooling
needed is frequently less than for low-efficiency
operation. On the other hand, high-efficiency opera-
tion often requires more driving power and higher

’operating plate voltages. Eimac triodes and tet-

rodes will operate satisfactorily at 80 per cent efli-
ciency at the highest recommended plate voltages
and at 75 per cent efficiency at medium plate volt-
ages.

The first determining factor in selecting a tube
or tubes for any particular application is the maxi-
mum allowable plate dissipation. The total plate
dissipation rating for the number of tubes used
must be equal to or greater than that calculated
from

P,=P:—P,

After selecting a tube or tubes to meet the power
output and plate dissipation requirements it be-
comes necessary to determine from the tube char-
acteristics whether the tube selected is capable of
the required operation and, if so, to determine the
driving power, grid bias and grid current.

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

COPYRIGHT 1948, EITEL-MCCULLOUGH, INC.

PRINTED IN U.S.A.
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The complete procedure necessary to determine the 16. Read ratio l°i"" from Chart 2 for ratio% found in
class-C-amplifier operating conditions is as follows?: step 15. ) ¢

17. Calculate average grid current from:ratio found in step

1. Select plate voltage, power output and efficiency.
P 286, po P 4 16 and value of icmax found in step 11.

2. Determine plate input from

I = icmlx
P,— P, °" ratio from step 16
n 18. Calculate approximate grid driving power from
3. Determine plate dissipation from Pi=0.9 Egnl. 3
P,=P,—P, 19. Determine grid dissipation from
Pp must not exceed maximum rated plate dissipation for tube or tubes Py;=Pa+Ecl.
lected.
welecte PII must not exceed the maximum rated grid dissipation for the tube
4. Determine average plate current from selected.
P, Example
In= . s . . . .
Eus A typical application of this procedure is shown in the
I, must not excesd maximum rated plate current for tube selected. example below.
. . . 1. Desired power output............. 1250 watts
5. Determine approximate ismax from
pp. e Desired plate voltage.... .. 4000 volts
::::::38 %: :g; ::82(5) Desired plate efficiency 75 per cent (n=0.75)
ibmax=3.5 I for n=0.70
, ’ o 2. P, =220 _ 1670 watts
6. Locate the point on constant-current characteristics 0.75
where the constant plate current line corresponding to _ - _
the approximate i»msx determined in step 5 crosses the 3. P,=1670—1250~420 watts
line of equal plate and grid voltages (‘‘diode line’) . - o —
’ in the case of triodes; or in the case of tetrodes where Try type 450TL; Max. P, =450W; u =18
the plate current line turns rapidly upward. 1670
Read evmin at this point.3 4, L= 2000 =0.417 ampere

7. Calculate Eym from
(Max. I, for 450TL=0.600 ampere)

Epm=Ebb—ehmin

I 5. Approximate ibmsx=4.0x0.417=1.67 ampere
8. Calculate the ratio ——from . .
L 6. evmin= 315 volts (see figure 2)
Lo 20 En 7. Epm=4000 — 315 — 3685 volts
In Epm
Lo . Iom 2 x0.75 x 4000 —163
9. From the ratio of —Ip~calculated in step 8 determine the 8. T = 3685 o
b
ratio lb;‘ =~ from Chart 1. 9. -l—b-i-"f- =3.45 (from Chart 1)
b
10. Calculate a new value for ibmax from ratio found in step 9. 10. iomer=3.45 X 0.417—1.44 amperes
ibmax = io f tep 9) I
in (ratio from step 9) I» 1. eemy =280 volts
11. Read ecmp and icmsx from constant current characteristics .
for values of ebmin and ivmax determined in steps 6 and 10. icmaxr=0.330 amperes
. (see figure 3)
12. Calculate the cosine of one-half the angle of plate :
current flow from 12, Cos 6,=2.32 (1.63 — 1.57)=0.139
I 4 1 3685 4000
9 = pm e ——— 208, =
Cos 6,=2.3 ( L 1.57) 13. Ec. 10.139 [0.139 ( 18 280) 18
13. Calculate the grid bias voltage from = — 270 volts
E -1 Cos 8 Eom B . :
“=1 " Cos 0, os &, " —€cmp J— B for triodes; 14. Eem=280 — ( — 270) =550 volts
1 Ee Egm 550
’ or Ee.= m [— €cmp Cos 6,— e , for tetrodes. 15. E.. = ——_270 =—2.04
14. Calculate the peak fundamental grid excitation voltage 16. l-‘-'I“—"i= 5.69 (from Chart 2)
from ¢
- —_ 0.330
E¢m=ecmp—Ee. 17. Io=-5g =0.058 amperes
Egm )
15. Calculate the ratioE—chor values of E.. and Ezm found 18. P,—0.9 x 550 x 0.058 =28.7 watts
in steps 13 and 14. 19. P,=28.7 + (— 270 x 0.058) =13.0 watts
(Max P; for 450TL =65 watts)®
2 In the case of push-pull or parallel amplifier tubes the analysis should be 3 In a few cases the lines of constant plate current will inflect sharply
carried out on the basis of a single tube, dividing P, P, and P_ by the upward before reaching the diode line. In these cases ey, should not
number of tubes before starting the analysis and multiplying 1,, I and Py be read at the diode line but at the point where the plate current line
by the same factor after completing the analysis. intersects a line drawn from the origin through these points of inflection.

’ Indicates Revision 11-10-49
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4 |f this calculation gives Cos @, as zero or a negative quantity class-B ¢
operation is indicated and new operating conditions should be chosen -
on a basis of higher efficiency (less plate dissipation, more power output
or less power input).
5 The calculated driving power is that actually used in supplying the grid
and bias losses. Suitable allowance in driver design must be made to
allow for losses in the coupling circuits between the driver plate and
the amplifier grid. B

6 ''Vacuum Tube Ratings'* Eimac News, Industrial Edition, Jan. 1945,

Figure |. Symbols
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The information presented herein is based on data believed accurate, but no responsibility is accepted for the successful application of the sys-
tems or principles discussed. Likewise, no responsibility is d for patent infringment, if any, resulting from the application of this information.
Permission to reprint this or other application bulletins will ordinarily be granted upon request.
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TUBE PERFORMANCE COMPUTOR FOR RF AMPLIFIERS (CLASS B, C, AND FREQUENCY MULTIPLIERS)

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

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

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

Simple Action in
Class C RF Amplifiers

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

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

PLATE VOLTAGE
AT ANY INSTANT
\ DC. PLATE
VOLTAGE
(AVERAGE)
RN / /\\

TIME ——&=

POSITIVE

VOLTAGE -=-O-= VOLTAGE

DC GRID

y4
BIAS
\/ (AVERAGE)

GRID VOLTAGE
AT ANY INSTANT

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.”

PEAN: PLATE: SURBENT POINY.
OR POINT NQ.2

|
|
1
t

TIME—=

Figure 2

Any poinl 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.

31

Figure 1

Figure 3

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

COPYRIGHT 1952, EITEL-McCULLOUGH, 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 harmonic compo-
nent of the plate current.

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

Use of the Eimac Tube Performance Computor

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

The basic steps are outlined under “Instructions”
on the computor. This requires selecting DC plate
and grid bias voltages, being guided by the typical
operating values given on the technical data sheet
for the tube type and by general experience. Next,
a suitable “Operating Line” must be chosen on the
constant current curves for the tube type (plotted
on grid voltage /plate voltage scales).

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

The fundamental methods of making such com-
putations, and the considerations necessary to stay
within ratings of the tube types, and accomplish
various forms of modulation have been covered in
the literature.z2+se” The method for the case
of harmonic amplifier service is approximate and
should be used only for tetrode and pentode tubes,
where the plate voltage has little effect on the
amount of plate current flowing. A more exact
method, showing that for harmonic operation the
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operating line is a simple Llssa]ou 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 Detalled Use of the
Eimac Tube Performance Computor

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

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

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

The 4-65A tetrode has a maximum rated plate
dissipation of 65 watts, so, to illustrate perform-
ance near the maximum rating, we’ll choose an in-
put power four times the plate dissipation, or 260
watts per tube. At 2000 volts the plate current
per tube must then be 130 ma. It is usual practice,
in the case of tetrodes and the medium or low mu
triodes in class-C amplifier service for the DC
grid bias voltage to be roughly two or three times
the grid voltage necessary to cut off the flow of
plate current. By referring to the curves of the
4-65A we decide to use a DC grid blas voltage
of-120 volts.

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

The peak value of plate current usually runs
about four times the DC plate current. The min-
imum value of instantaneous plate voltage is us-
ually set by the fact that if the voltage is too low
the grid and screen currents will be needlessly
high, and also little will be gained as far as output
power is concerned. The minimum value of plate
voltage is usually in the region where the plate
constant current curves bend upward. See Fig.




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

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

The Eimac Tube Performance Computor can now
be used to obtain the meter readings and power
values from this ‘“Operating Line.” Place the com-

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 S&‘;‘g};ﬁi;d Instantaneous Values of Currents
line Formulas Plate Screen Control Grid
OA A 500 Ma 165 Ma 60 Ma
OB B 510 100 50
0oC C 460 25 30
(0))) D 290 5 14
OE E 80 0 0
OF F 0 0 0

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

DC Meter Reading =1/12 (0.5 A+B+4+C+D+E+F)

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=1/12 Total =

132 Ma 18 Ma 10 Ma

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

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

1/12 (A+1.93 B41.73 C-+1.41 D+E+0.52 F)
A= 500=500 Ma

1.93 B=1.93x 510=985

1.73 C=1.73x 460 =796

1.41 D=1.41x 290 =409
E= 80=80

Total =2770 Ma

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

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

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

Output power = % peak RF plate current x peak
RF plate voltage.

We found the peak RF plate current to be 230
ma or .230 amperes, and the peak RF plate voltage
to be 1750 volts.

So; Output Power = 1% x.230 x 1750 = 201 watts,
and Input Power =DC Plate Current x DC Plate Voltage

=.132 x 2000 =264 watts
Plate Dissipation =DC Input Power—RF OQutput Power
=264 - 201 =63 watts

Efficiency =RF Output Power divided by
DC Input Power
=201/264 =76%
Driving Power =DC Grid Currentx Peak RF Grid Voltage

So the Driving Power =.010 x 220 =2.2 watts

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

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

The power dissipated on the screen grid is simply
the product of the DC screen current and the DC
screen voltage, because the screen grid has no
impedance between it and the DC screen supply.
Thus it is .018 x 250 =_4.5 watts.

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

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

Voltage
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A APPLICATION BULLETIN NUMBER 3

TUBE

\ TP " ERFORMANCE
‘ COMPUTOR

UNO, CALIFORNIA

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

Use with comstant current curves te ebtain plate, grid, and screen current values; alvo

output and driving power.

- DC Curremt (meter reading) 1/12 (05A4+B4C+D4+E+M
Peak Pundamental RF 1/12 (A+1938B41.T3C+1.41D4+EK40.52F)
Peak 2nd Nermonic RF (Approx.)* 1/12 (A+1.73B4+C—E—1.73F)

D Peak 3rd Harmonic RF (Approx.)® 1/12 (A+41.41B—1.41D—2%—-141M"

Output Power=1%% Peak RPF plate curremt X Peak RF Plate Voitage
Driving Pewer=DC Grid Current X Peak RF Grid Voltage

*Use only for tetrodes or pentodes—Appronimate Only.
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tetrodes - pentodes »

Look in the front pages for ---

® Your nearest distributor of modern, fully guaranteed Eimac
Vacuum tubes, vacuum capacitors, heat dissipating con-
nectors, air-system sockets, preformed contact finger stock
and vacuum switches.

@ Your nearest Eimac Field Engineer, who stands ready to
— give you immediate engineering assistance, any informa-
tion on deliveries and prices, or provide other information

not found in the catalog.

Eimac tube type numbering system.
® Tube Replacement Chart.

® Prices on Eimac products.

IMPORTANT EIMAC “EXTRAS”

Appllcatlon Engmeermg. The Eimac Application Engineering Department is available at
all times for consultation. New tube operating techniques are continually being explored, tested
and proved by Eimac application engineers, whose combined knowledge and experience are made
available to you. Additional contributions by this Eimac department are its Application Bulletins,
an expanding service which you get without obligation.

F|eld Englneel‘lng. Serving as an extension of the Application Engineering Department out-
side the Eimac plant, Eimac field engineers cover the United States, operate out of offices in major
cities. They will help you personally with experimental work, problems of technique, etc. Engineers

o from the Eitel-McCullough plant in San Bruno are available, too, for field consultation throughout
the country. As Eimac tubes are world renowned, the same services extend to various countries
overseas through the Eimac export division.



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 con-

tribute 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 ouput 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
Yoltage - - - - -
Current -
Grid-Screen Amplification Fuctor (Average)
Direct Interelectrode Capacitances (Average)
Grid-Plate - - - -
Input - - - - -
Output - - - - -
Transconductance (Ib = 125 ma., Eb = 500 v.,
Frequency for Maximum Ratings - -

MECHANICAL

Base - - - - - -
Mounting - - - - - - -
Cooling - - - - - - -
Recommended Heat Dissipating Connector -
Maximum Over-all Dimensions

Length - - - - -

Diameter - - - - -
Net Weight - - - - - -
Shipping Weight - - - - -

RADIO-FREQUENCY POWER AMPLIFIER
AND OSCILLATOR

Class-C Telegraphy or FM Telephony
MAXIMUM RATINGS (Key-down conditions, per tube)

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

» PLATE-MODULATED RADIO-FREQUENCY
AMPLIFIER

- 3000 MAX. VOLTS
- 400 MAX. VOLTS
- —500 MAX. YOLTS
- 150 MAX. MA

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

Class-C Telephony (Carrier conditions unless otherwise specified, 1 tube)

MAXIMUM RATINGS

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

(Effective 5-14-54) Copyright 1954 by Eitel-McCullough, Inc.

2500 MAX. VOLTS

400 MAX. VOLTS

—500 MAX. YOLTS
120 MAX. MA

45 MAX. WATTS

10 MAX. WATTS

5 MAX. WATTS

—250v) - 4000 umhos -

- - 6.0 volts
- - 3.5 amperes

- - 008 puf
- - 80 uuf
- 21 ppf

- 150 Mec.

National HX-29 Socket
- - - 5 pm—Flts Johnson 122-101 Socket
- - - - Vertical, base down or up

- - - - - Convectlon and Radiation
. - Eimac HR-6

. - - - - - - 4.38 inches
- - - - - - - 2.38 inches
- - - . - - - 3 ounces
- - - - - - - 1.5 pounds

TYPICAL OPERATION

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

- 600 1000 1500 2000 3000 volts

- 250 250 250 250 250 volts

- —75 —80 —85 —90 —100 volts
14 15 ma

'
-—
oy
o
-
w
o
-
d
o
o
—_

D-C Screen Current* 40 40 40 22 ma
D-C Grid Current* 18 17 18 11 10 ma
Peak R-F Grid Voltage 170 175 180 190 170 volts
Driving Power* - 0 2 watts

10 10 10 10 5.5 wotts
90 150 225 280 345 watts
45 55 60 65 65 watts
45 95 165 215 280 watts

Screen Dissipation* -
Plate Power Input -
Plate Dissipation -
Plate Power Output -

*Approximate values.
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TYPICAL OPERATION

D-C Plate Voltage
D-C Screen Voltage
D-C Grid Voltage
D-C Plate Current
D-C Screen Current*
D-C Grid Current*
Screen Dissipation* -
Peak A-F Screen Voltage,
1009% Modulation -
Peak R-F Grid Voltage
Driving Power* - -
Plate Power Input -
Plate Dissipation -
Plate Power Qutput -

*Approximate values.

600 1000 1500 2000 2500 volts

250 250 250 250 250 volts
—120 —125 —125 —130 —135 volts
ma
40 40 40 40 25 ma
15 16 16 16 12 ma
10 10 10 10 6.3 watts

250 250 250 250 250 volts
215 220 220 225 215 volts
3.2 3.5 35 36 2.6 watts
watts
27 30 40 45 45  watts
45 90 140 195 230 watts
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Note: Typical operation data are based on conditions of adjusting the r-f grid drive to a specified plate current, maintaining fixed conditions
of grid bias and screen voltage. It will be found that if this procedure is followed, there will be little variation in power output between
tubes even though there may be some variation in grid oand 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

D-C SCREEN YOLTAGE

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

TYPICAL OPERATION

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

D-C Plate Voltage - - - -
D-C Screen Voltage - - - -
D-C Grid Voltage' * = - -
Zero-Signal D-C Plate Current - -
Max-Signal D-C Plate Current - -
Max-Signal D-C Screen Current* -
Mox-Signal D-C Grid Current - -
Effective Plate-to-Plate Load - -
Peak A-F Grid Voltage (per tube) -
Moax-Signal Plate Power Input - -
Max-Signal Plate Power Output -

*Approximate value.

1Adjust to stated zero-signal D-C Plate Current.
The effective grid circuit resistance for each tube must not exceed 250,000 ohms.

1000

1500 1750 volts
500 500 volts
—110 —115 voits
60 40 ma
180 170 ma
20 23 ma
0 0
15,000 20,000 ohms
85 90 volts
270 300 watts
145 175 watts

RADIO-FREQUENCY LINEAR POWER AMPLIFIER

SINGLE SIDE BAND SUPPRESSED CARRIER

Class-B (One tube)
MAXIMUM RATINGS

D-C PLATE VOLTAGE - - - - -
D-C SCREEN VOLTAGE - - - - -
PLATE DISSIPATION - - - - -
SCREEN DISSIPATION - - - .

GRID DISSIPATION

*Adjust to stated Zero-Signal Plate Current.

** Approximate values.

3000 MAX.
600 MAX.
65 MAX.
10 MAX.
5 MAX,

YOLTS
VOLTS
WATTS
WATTS
WATTS

***Due to the intermittent nature of voice, average dissipation is

considerably less than Max-Signal Dissipation.

f the ampilifier

is to be tested using a sine-wave signal source, arrangements

must be made to lower the duty.

TYPICAL OPERATION

Class-AB, (Sinusoidal wave, two

D-C Plate Voltage - -
D-C Screen Voltage - -

- 3000 MAX. YOLTS
- 600 MAX. YOLTS
- 150 MAX. MA

- 65 MAX. WATTS
- 10 MAX. WATTS

tubes unless otherwise specified)

- 600 1000 1500 1800 volts
- 250 250 250 250 volts

D-C Grid Voltage** - - - —40 —40 —45 —50 volts
Zero-Signal D-C Plate Current - 60 60 60 50 ma

Max-Signal D-C Plate Current - 300 300 250 220 ma

Max-Signal D-C Screen Current* - 80 60 » 40 30 ma

Effective Plate-to-Plate Load - 3600 6800 14,000 20,000 ohms
Peak A-F Grid Voltage (per tube) - 120 108 100 90 volts
Max-Signal Peak Driving Power* - 7.4 6.0 3.8 2.6 watts
Max-5ignal Nominal Driving Power* 3.7 3.0 1.9 1.3 wotts
Max-Signal Plate Power input - 180 300 375 395 watts
Max-Signal Plate Power Qutput - 90 170 250 270 watts

*Approximate values.
**Adjust to stated Zero-Signal

TYPICAL OPERATION

D-C Plate Current.

Class-AB, (Voice wave only, per tube)

D-C Plate Voltage - - -
D-C Screen Voltage - -
D-C Grid Voltage* - - -
Zero-Signal D-C Plate Current
Max-Signal D-C Plate Current

Max-Signal D-C Screen Current**

- - - 1500 2000 2500 volts
- - - 300 400 500 volts
—105 volts
- - - 35 25 20 ma
- - - 200 270 230 ma
- - 45 65 45 ma

Max-Signal Peak R-F Grid Voltage - - 150 190 165 volts
Max-Signal D-C Grid Current** - - - 15 20 8 ma

Max-Signal Driving Power** - - - - 23 3.8 1.3  watts
Max-Signal Plate Power Input - - - 300 540 575 watts
Max-Signal Plate Dissipation*** - - - 108 190 225 watts
Average Plate Dissipation - - - - 60 65 65 watts
Maoax-Signal Useful Power Qutput - - - 150 300 325 watts

{E IT 1S DESIRED TO OPERATE THIS TUBE UNDER CONDITIONS WIDELY DIFFERENT FROM THOSE GIVEN UNDER “TYPICAL OPERA-
TIONS,”” POSSIBLY EXCEEDING MAXIMUM RATINGS, WRITE EITEL-McCULLOUGH, INC., FOR INFORMATION AND RECOMMENDATIONS.
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APPLICATION

MECHANICAL

Mounting—The 4-65A must be mounted vertically, base
up or base down. The socket must provide clearance for
the glass tip-off which extends from the center of the
base. A flexible connecting strap should be provided
between the plate terminal and the external plate cir-
cuit, and the Eimac HR-6 cooler (or equivalent) used on
the tube plate lead. The socket must not apply lateral
pressure against the base pins. The tube must be pro-
tected from severe vibration and shock.

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

“« ”

In intermittent-service applications where the “on
time does not exceed a total of five minutes in any ten
minute period, plate seal temperatures as high as 250°C
are permissible, When the ambient temperature does not
exceed 30°C it will not ordinarily be necessary to provide
forced cooling of the bulb and plate seal to hold the
temperature below this maximum at frequencies below
50 Mc, provided that a heat-radiating plate connector is
used, and the tube is so located that normal circulation

of air past the envelope is not impeded.

ELECTRICAL

Filoment Voltage—The filament voltage, as measured
directly at the filament pins, should be between 5.7 volts
and 6.3 volts.

Bias Voltage—D-C bias voltage for the 4-65A should not
exceed -500 volts. If grid-leak bias is used, suitable pro-
tective means must be provided to prevent excessive plate
or screen dissipation in the event of loss of excitation.

Grid Dissipation—Grid dissipation for the 4-65A should
not be allowed to exceed five watts. Grid dissipation may
be calculated from the following expression:
Pg=ecmplc
where Py = Grid dissipation,
ecmp = Peak positive grid voltage, and
lc =D-c grid current.

€cmp may be measured by means of a suitable peak
voltmeter connected between filament and grid.*

Screen Voltage—The D-C screen voltage for the 4-65A
should not exceed 400 volts except in the case of class-
AB audio operation and Single Side Band R-F amplifier
operation where it should not exceed 600 volts.

Screen Dissipation—The power dissipated by the screen of
the 4-65A must not exceed 10 watts. Screen dissipation
is likely to rise to excessive values when the plate volt-

age, 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 advis-
able 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 instructions 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 per-
missible for short periods of time, such as during tuning
procedures.

OPERATION

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

Where shielding is adequate, the feedback at fre-
quencies above 110 Mc. is due principally to screen-lead-
inductance effects, and it becomes necessary to introduce
in-phase voltage from the plate circuit into the grid cir-
cuit. This can be done by adding capacitance between
plate and grid external to the tube. Ordinarily, a small
metal tab approximately 34” square and located adjacent
to the envelope opposite the plate will suffice for neutral-
ization. Means should be provided for adjusting the

*For suitable peak V.T.V.M. circuits see, for instance, Vacuum Tube
Ratings,”” Eimoc News, January 1945. This article is available in
reprint form on request.
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spacing 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 diagram, by the shortest possible lead, and the
lead from the mid point of this screen strap to the capaci-
tor, 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 below. The
power output shown is the actual plate power delivered
by the tube; the power delivered to the load will depend
upon the efficiency of the plate tank and output coupling
system. The driving power is likewise the driving power
required by the tube (includes bias loss). The driver out-
put power should exceed the driving power requirements
by a sufficient margin to allow for coupling-circuit losses.
The use of silver-plated linear tank-circuit elements is
recommended for all frequencies above 75 Mc.

300——1—7 I " I I 3 y o g 5
EIMAC 4-635A TYPICAL PERFORMANCE

2 CLASS-C TELEGRAPHY e
g PLATE_VOLTAGE — 1500 VOLTS ] [
£ 00| h
Te o =
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,i_’ ER |QUTPUT / g
2
2 100 ><\ s &
@ (L]
y DRIYING| POWER Lmet—""] S
2 £
o 50 100 150 200 250 300

FREQUENCY ~ MEGACYCLES

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

1

4-65A

soon REC

+Ec2 +Eee
RFC 6.5 UM

Screen-tuning nevtralization circuit for use above 100 Mc.
C is a small split-stator capacitor.
640,000

Cluufd) = —————, approx.
e 2 (Mc.)
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amplifier, both the plate and screen should be modulated.
Modulation voltage for the screen is easily obtained by
supplying the screen voltage via a series dropping resistor
from the unmodulated plate supply, or by the use of an
audio-frequency reactor in the positive screen-supply
lead, or from a separate winding on the modulation trans-
formier. When screen modulation is obtained by either
the series-resistor or the audio-reactor methods, the
audio-frequency variations in screen current which result
from the variations in plate voltage as the plate is
modulated automatically give the required screen modu-
lation. 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 amplifier and a maxi-
mum 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 fre-
quencies, 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-
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
provided 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 proportion-
ately lower than the value shown for a particular plate
voltage. Also, more peak driving power will be required.
At no time should the average plate or grid dissipation
exceed the maximum values shown,

KEYING THE TETRODE AMPLIFIER

Tetrode Keying Circuit

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

One easy method of keying is to remove the excitation
and screen grid voltage simultaneously, while leaving the
plate voltage still applied to the amplifier stage. This
method also has an advantage in that the final tube can
be made to draw a safe amount of current key-up posi-
tion, 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 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, 2E26, 6146, 6.6 or 6AG7, used
either as a frequency multiplier or a straight-through
amplifier. This tube should furnish about five watts of

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

When the key is up there is no excitation to the 4-65A,
and consequently no grid leak bias. At the same time, the
screen voltage has also been removed so that very little
current is drawn by the plate. With plate voltages up to
2000 volts, the amount of current drawn is 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 22145 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 tet-
rodes, however, as it is wasteful of power and the lowered
power output obtained is due to a loss in efficiency. R,
also serves as a means of keeping the screen of the 4-65A
at ground potential under key-up conditions, stabilizing
the circuit. R; is the normal power supply bleeder.

The keying relay must be insulated to withstand the
driver plate voltage. Key clicks may be completely elim-
inated by the proper selection of L,, R, and C, in series
with and across the relay. In many applications values of
500 ohms for R, and 0.25 ufd for C, have been found
entirely satisfactory. Choke L, is best selected by trial
and usually is on the order of 5 henries. A satisfactory
choke for this purpose can be made by using any small
power-supply choke, capable of handling the combined
current of the final screen grid and the driver stage,
and adjusting the air gap to give the proper inductance.
This may be checked by listening for clean keying on the
“make” side of the signal or by observation in a ’scope.

R-F by-pass condensers C, and C,; will have some
effect on the required value of L, as well as C,. These
by-pass condensers should be kept at as small a value of
capacity as is needed. In most cases .002 nfd is sufficient.
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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 on page 7.

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 circu-
lation. Note that shielding is completed by aligning the
internal screen shield with the chassis deck and by pro-
per R-F by-passing of the screen leads to R-F ground.
The plate and output circuits should be kept above 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-electode 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 insufficient
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.

The current lines then all assume new values in ac-
cordance with the 3/2 power law. Since the voltage was
increased by a factor of 2, the current lines will all be
increased in value by a factor of 23/2 or 2.8. Then all the
current values should be multiplied by the factor 2.8.
The 100 ma. line becomes a 280 ma. line, etc.

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

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

Voltage Factor 25 5 J5 1.0 125 1.50 1.75

Corresponding

Current Factor .125 35 .65 1.0 14 184 23

Voltage Factor 2.0 225 2.5 275 3.0

Corresponding

Current Factor 28 3.4 4.0 4.6 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 con-
tinuous 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 i3 essen-
tial that particular attention be given to obtaining good
regulation 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, how-
ever, the peak speech power output of over 300 watts
is obtained. .

SSSC TUNING PROCEDURE

Tuning the SSSC transmitter is best accomplished
with the aid of an audio frequency oscillator and a ca-
thode-ray oscilloscope. The audio oscillator should be
capable of delivering a sine wave output of a frequency
of around 800 to 1000 cycles so that the frequency will
be somewhere near the middle of the pass-band of the
audio system. Since successful operation of the class-B
stage depends on good linearity and the capability of
delivering full power at highest audio levels, the final
tuning should be made under conditions simulating peak
modulation conditions. If a continuous sine wave from
the audio oscillator is used for tuning purposes, the
average power at full modulation would be about five
times that of speech under similar conditions of single
side band operation and the final amplifier would be
subjected to a heavy overload. One method of lowering
the duty cycle of the audio oscillator to closer approxi-



mate speech conditions would be to modulate the oscilla-
tor with a low frequency.

An alternate method would be to use the continuous
audio sine wave, making all adjustments at half voltages
and half currents on the screen and plate, thus reducing
the power to one quarter. The stand-by plate dissipation
under these conditions should be set at about 10 watts,
Following these adjustments, minor adjustments at full
voltages and 50 watts of stand-by plate dissipation could
then be made, but only allowing the full power to remain
on for ten or fifteen second intervals.

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

Next, adjust the exciter for single side band operation
and if it is working properly, the pattern on the oscil-
loscope will resemble an unmodulated AM carrier. The
phasing controls should be adjusted so as to make the
envelope as smooth on the top and bottom as possible.
If the above conditions are satisfied, the exciter unit can
be assumed to be operating satisfactorily.

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

If the reduced duty cycle method is used, the following
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 operation.

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.

HR-6 HEAT DISSIPATING
CONNECTOR N
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Typical radio-frequency power amplifier circuit, Class-C
telegraphy, 345 watts input.

COMPONENTS FOR TYPICAL CIRCUITS

Lp1-Cp1— Tank circuit appropriate for operating frequency;
Q@ =12. Capacitor plate spacing=.200".
Lp2-Cp2— Tank circuit appropriate for operating frequency:
Q= 12. Capacitor plate spacing=.200".
Lp3-Cp3— Tank circuit appropriate for operating frequency;
@ =12. Capacitor plate spacing=.375".
Lg1-Cg1— Tuned circuit appropriate for operating frequency.
Lg2-Cg2— Tuned circuit appropriate for operating frequency.
Cy1— .002 -ufd. 500V Mica
C2— .002 -ufd. 5000V Mica
C3—.001 -ufd. 2500V Mica
Cs—.1 -pfd. 1000V paper
Cs—.1 -ufd. 600 V paper
Co— 16 -ufd. 450V Electrolytic
C7— 10 -ufd. 100V Electrolytic
R} —53,000 ohms 200 watt—60,000 ohm adjustable
R2—250,000 ohms | watt
R3— 5,000 ohms 5 watt
R4— 25,000 ohms 2 watts
Rs— 26,500 ohms 200 watts—30,000 ohm adjustable
Re— 2,500 ohms 5 watts
R7— 750 ohms 5 watts
RFC1— 2.5 mhy. 125 ma. R-F choke
RFC2— | mhy. 500 ma. R-F choke
T1— 150 watt modulation transformer; ratio primary to second-
ary impedance approx. I:I.1 Pri. impedance 15,000 ohms,
sec. impedance 16,700 ohms.
T2—5 watt driver transformer impedance ratio primary to 1/2
secondary [.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.
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Typical high-level-modulated R-F amplifier circuit, with
modulator and driver stages, 480 watts plate input.
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ADDENDUM

Typical operation of HIGH-LEVEL
MODULATED RADIO FREQUENCY
AMPLIFIER, page two, column two,

should read as follows:

Plate Dissipation . 75 80 watts
Plate Power Output . 225 300 watts



4PRGOA

RADIAL-BEAM

PULSE TETRODE

UGH, INC. .

EITE:

N—
NO, CALIFORNIA MODULATOR
AMPLIFIER
The Eimac 4PR&0A is a high-vacuum tetrode intended for pulse-modulator
service in circuits employing inductive or resistive loads. This tube unilaterally
replaces the 715C and the 5D21.
3 The 4PR60A has a maximum plate dissipation rating of 60 watts, is cooled
by radiation and convection, and delivers pulse power output in the range of
i, 300 kilowatts with one kilowatt of pulse driving power.
")
ELECTRICAL
Cathode: Oxide-coated, Unipotential
Heater Voltage - - - - - - - - - - . 260 volts
Heater Current - - - - - - - - - - 225 amperes
Minimum Heating Time - - - - - - - - 3 minutes
Direct Interelectrode Capacitances [Average)
Grid-Plate (without shielding) - - - - - - - 0.3 puuf
Input - - - - - - - - - - - - - - < 430 puf
Output - - - - -« -« - -« « -« o -« = - = 90 puf
— MECHANICAL
Minimum Shock Test - - -« -« - - o o o o o =« = = = =« = <« = « - = - 200g
Base - - - - - - - - - Fits E. F. Johnson Co. Socket Number 122-234 or equivalent
Mounting Position - - - - - - - . . - - & - & - - - - - - - « - - - Any
Cooling - - - - - - -« « - <« -« -« - « -« - - - - - - Radiation and Convection
Recommended Heat Dissipating Plate Connector - - - - - - - - . . . - Eimac HR-8
Maximum Over-all Dimensions
Length - - - - - - - - - - - . . . . - < < - < - < - & inches
Diameter - - - - - . . . < - . . - - - < -« <« - - < - 3% inches
NefWeigh'I'---------------------:---IZ ounces
ShippingWeight - - - - - - - . . . . . . . . . . . - - - - - 175 pounds
RATINGS
MAXIMUM RATINGS——Pulse Modulator Service {Per Tube) TYPICAL OPERATION
D-C PLATE VOLTAGE - - - 20 MAX. KILOVOLTS Pulse Modulator (Per Tube)
D-C SCREEN VOLTAGE! - - 1.5 MAX. KILOVOLTS .
: D-C Plate Yoltage - - - - 15.8 20.0 kilovolts
D-C GRID YOLTAGE? - - - =00 MAX. KILOVOLT Pulse Plate Current - - - - 140 16,0 amperes
. PEAK POSITIVE GRID VOLTAGE - 300 MAX. VOLTS D-C Screen Voltage - - - - 1.25 1.25 kilovolts
‘ PEAK PLATE CURRENT - - 18 MAX. AMPERES Pulse Screen Current* - - - 40 3.0 amperes
PEAK POSITIVE PLATE VOLTAGE 25 MAX. KILOVOLTS D-C Grid Voltage =~ - - - - -600 -600 volts
A A B 5 : Pulse Grid Current* . - - - 1.l 1.1 amperes
PLATE DISSIPATION (AVERAGE) - 60 MAX. WATTS Pulse Positive Grid Voltage - - 100 100 volts
SCREEN DISSIPATION {AVERAGE) 8 MAX. WATTS E“I*Y L- "" - - - - - -°°; 00;
uise eng - - - - usec
SEAL TEMPERATURES . - 200 MAX. DEG. C Peak Positive Plate Yoltage - - 25 25 kilovolts
DUL:r peak plate currents in excess of 5 amperes, the duty shall not :ei:k Plate Current i . ) ) 16 18 amperes
s o A v ulse Power Input - - - - 220 320 kilowatts
Suretion in microseconds shall mot exteod 40, The- rube shall nor be Pulse Power Output - - - - 210 305 kilowatts
- operated for longer than 5 microseconds in any 100 microsecond Plate Output Yoltage - - - 15.0 19.0 kilovolts
'F:""v”' 1Screen grid series protective resistance shall be 20,000 ohms, minimum.
or peak plate current values of less than 5 amperes, the pulse
duration-current factor of 40 applies, and the piate dissipation rating ’ *Control grid series resistance shall be 100,000 ohms, maximum,
of 40 watts determines the maximum permissible duty. *Approximate values.

{Effective 3-22.54) Copyright 1954 by Eitel-McCullough, inc. ’ Indicates change {rom sheet dated 8-15-52.



APPLICATION

MECHANICAL
Mounting—The 4PR60A may be mounted and
operated in any position. A flexible connecting
strap should be provided between the plate ter-
minal and the external plate circuit.

The 4PR60A is designed to withstand 200q
shocks of short duration transferred to the tube
through clamps on the metal skirt. Such clamps
must be shaped to fit the contour of the skirt and
must be fastened to the tube before being tight-
ened to the chassis in order that no distorting
force will be applied. No lateral pressure or
clamping action should be applied to the base pins
or to any part of the tube other than the skirt.
The skirt is internally connected to the cathode.

Adequate ventilation must be provided so that
the seals and envelope under operating conditions
do not exceed 200°C.

ELECTRICAL

Heater Voltage—The heater voltage, as measured
directly at the heater pins, should be the rated

value of 26.0 volts. Variations in heater voltage
must be kept within the range from 23.4 to 28.6
volts.

Screen Dissipation—The average power dissipated
by the screen of the 4PR60A must not exceed
eight watts. A protective series resistance of not
less than 20,000 ohms must be inserted in the
screen - voltage supply circuit and the screen
should be adequately by-passed directly to the
cathode by means of a suitable capacitor.

Plate Voltage—The plate-supply voltage for the
4PR&0A should not exceed 20 kilovolts. In circuits
employing inductive loading, the peak instantan-
eous plate voltage should not exceed 25 kilovolts.

Plate Dissipation—Under normal operating condi-
tions, the plate dissipation of the 4PR60A should
not be allowed to exceed 60 watts. Plate dissipa-
tion in excess of maximum rating is permissible for
short periods of time, such as during adjustment
procedures. The 4PR60A should not be operated
without a heat dissipating plate connector such
as the recommended Eimac HR-8.

' EIMAC 4PR60A
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4X150A

RADIAL-BEAM
POWER TETRODE
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, CALIFORNIA
These Data apply to type 4XI50D
which is identical to 4XISO0A except
for the heater rating of 265 volts
0.57 ampere.
The Eimac 4XI50A is a compact power tetrode intended for use as an amplifier, oscillator or
frequency multiplier over a wide range of frequencies extending into the UHF region. It is cooled by
forced air.
A single 4XI50A operating in a coaxial-cavity amplifier circuit will deliver up to 140 watts of
¢ useful power output at 500 megacycles.
e The maximum rated plate voltage for the 4XI50A is 1250 volts, and the tube is capable of good
performance with plate voltages as low as 400 volts. s high ratio of transconductance to capacitance
. and its 150-watt plate dissipation rating make the 4XI150A useful for wide-band amplifier applications.
: The use of the Eimac 4XI50A Air-System Socket, or a socket providing equivalent air-cooling
facilities, is required.
GENERAL CHARACTERISTICS
ELECTRICAL
Cathode: Oxide Coated, Unipotential
Minimum Heating Time - - - - - - - - 30 seconds
Cathode-to-Heater Voltage - - - - - - - 150 max. volts
Heater: Voltage - - - - - - - - - - - 6.0 volts
Current - - - - - - - - - - - 2.6 amperes
Grid-Screen Amplification Factor {Average) - - - - - - - - - 5
Direct Interelecirode Capacitances (Average)
Grid-Plate - - - - - - - - - - 0.03 wuf
Inpuf - - - - - - - - - - - 15.5 wuf
Output - - - - - < . - - - . 45 wuf
Transconductance {E»=500v., E.;=250v., [,=200 ma) - - - - - - - - - - - - 12,000 yumhos
Frequency for Maximum Ratings - - - - - - - - - - - - - - - - - 500 Mc
. MECHANICAL
N . .
Base - - - - - - - - - - - - - - - - - - - - - 9-pin, special
Recommended Socket - - - - - - - - - - - - - - Eimac 4XI50A Air-System Socket
Base Connections - - - - - - - - - - - - - - - - - See outline drawing
Mounting - - - - - - - - - - - - - - - - - - - - - Any position
Cooling - - - - - - - - - - - - - - - - - - - - - Forced air
Maximum Over-all Dimensions
Length - - - - - - - - - - - - - - - - - - - 247 inches
Diameter - - - - - - - - - - - - - - - - - - - 1.65 inches
Seated Height - - - - - - - - - - - - - - - - - 1.91 inches
Net Weight - - - - - - - - - - - - - - - - - - - - 5.2 ounces
Shipping Weight - - - - - - - - - - - - - - - - - - - 1.6 pounds

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

| RADIO-FREQUENCY POWER DEGL, QIATION (i 1o 165 Mgy ot b,

C Screen Voltage 250 250 250 250 volts

‘ AMPLIFIER OR OSCILLATOR DEGuVoltag - - - o e S e 0 ol
D-C Plate Current - - - - 200 200 200 200 ma
Class-C Tel hy or EM Teleph DE SrgCuram- 1 1 1 R W on® Bom
- - ri urrent - - - - ma

(Kass d e egradp y or elep Ol’ly » Il;eak R-FPGrid Yoltage (approx.) - 0%7, 095; o‘l; Log volts

- it riving Power LR R X X 8 watts

ey own conditions, per fube) Plate Power Input - - - - 120 150 200 250 watts

Plate Power Output - - - - = 85 110 150 195 watts

MAXIMUM RATINGS The performance figures for frequencies up to 165 Mc. are obtained by

calculation from the tube characteristic curves and confirmed by direct
tests. The driving power includes only power taken by the tube grid and

D-C PLATE VOLTAGE - 1250 MAX, VOLTS the bias circuit. The driving power and output power do not allow for

losses in the associated resonant circuits.

D_C SCREEN VOLTAGE . 300 MAX. VOLTS } TYPICAL OPERATION (Single tube, 500-Mc., coaxial cavity)
D-C Plate Voltage - - . - 600 800 1000 1250 volts

D-C Screen VYoltage 250 250 250 250 volts

D-C GRID VOLTAGE - - —250 MAX. VOLTS D-C Grid Voltage - - - - 80 80 —80 —a0 volts

g-g sl:lafe Cérrent f- - - - 200 200 200 200 ma

R . - creen Curren - - - 7 7 7 7

D-C PLATE CURRENT 250 MAX. MA D€ Grid Currant - vy IH 10 10 0 ma
‘ river Output Power (approx.}) - 10 {:] 10 10 watts
_ PLATE DISSIPATION - - 150 MAX. WATTS Power Input = - - - - |20 10 200 250 watls
Useful Power Output - - - &5 90 1o 140 watts
: These typical performance figures were obtained by direct measurement
SCREEN DISSIPATION - 12 MAX- WATTS in 'opgraf’ing.feqﬁipm:r)t. The output ;::wer isI useful povl:er rgeasured bin
a load circuit. e driving power is the total power taken by the tube
GRID DISSIPATION - - 2 MAX. WATTS and a practical resonant circuit. In many cases with further refinement

and improved techniques better performance might be obtained.

(Effective 5-10-54) Copyright 1954 by Eitel-McCullough, Inc. } Indicates change from sheet dated 8-15-52



PLATE-MODULATED RADIO-
FREQUENCY AMPLIFIER

Class-C Telephony (Carrier conditions, per tube)
MAXIMUM RATINGS

D-C PLATE VOLTAGE - 1000 MAX. YOLTS
D-C SCREEN VOLTAGE - 300 MAX. VOLTS
D-C GRID VOLTAGE - —250 MAX. VOLTS
D-C PLATE CURRENT - 200 MAX. MA

PLATE DISSIPATION - - 100 MAX. WATTS
SCREEN DISSIPATION - 12 MAX. WATTS
GRID DISSIPATION . - 2 MAX. WATTS

/""lm 50A

TYPICAL OPERATION (Frequencies up to 165 Mc.)

D-C Plate VYoltage - - 400 600 800 1000 volts
D-C Screen Yoltage 250 250 250 250 volts
D-C Grid Yoltage - —90 —95  —100 —I105 volts
D-C Plate Current - 200 200 200 200 ma
D-C Screen Current 40 35 25 20 ma
D-C Grid Current - 7 8 10 15 ma
Peak A-F Screen VYoltage at cresf

of 100% Modulation - - 140 150 160 170 volts
Peak R-F Grid lnpuf Vclfage

{approx.) Ho 120 120 125 volts
Driving Power ({approx.) I | 1.5 2 watts
Plate Dissipation 25 40 60 60 watts
Plate Power Input - 80 120 160 200 watts
Plate Power Output 55 80 100 140 watts

RADIO-FREQUENCY POWER
AMPLIFIER

Class-B Linear, Television Visual Service (per tube)
MAXIMUM RATINGS

D-C PLATE VOLTAGE - 1250 MAX. VOLTS
D-C SCREEN VOLTAGE - - 400 MAX. VOLTS
D-C GRID VOLTAGE - - —250 MAX. VOLTS
D-C PLATE CURRENT
(AVERAGE) - - - 250 MAX. MA

PLATE DISSIPATION - - 150 MAX. WATTS
SCREEN DISSIPATION - 12 MAX. WATTS
GRID DISSIPATION - . 2 MAX. WATTS

TYPICAL OPERATION (Frequencies up to 216 Mc.,

5 Mc. bandwidth)

D-C Plate Voltage 750 1000 1250 voits
D-C Screen Voltage - 300 300 300 volts
D-C Grid Voltage —60 —45 ~70 volts
During Sync-Pulse Peak:

D-C Plate Current 338 330 305 ma
D-C Screen Current 50 45 45 ma
D-C Grid Current 15 20 25 ma
Peak R-F Grid Yoltage 85 95 100 volts
R-F Driver Power (approx.) 7 8 9 watts
Useful Power Output - 135 200 250 watts
Black Level:

D-C Plate Current 245 240 230 ma
D-C Screen Current 20 11 10 ma
D-C Grid Current - 4 4 4 ma
Peak R-F Grid Voltage (approx) . - 45 70 75 volts
R-F Driver Power (approx.} - 4,25 4.7 5.5 watts
Plate Power Input 185 240 290 watts
Useful Power Output - 75 1o 140 watts

CLASS-AB OR -B POWER
AMPLIFIER OR MODULATOR

MAXIMUM RATINGS (Per tube)

D-C PLATE VOLTAGE - 1250 MAX. YOLTS
D-C SCREEN VOLTAGE - 400 MAX. VOLTS
D-C PLATE CURRENT - 250 MAX. MA

PLATE DISSIPATION - - 150 MAX. WATTS
SCREEN DISSIPATION - 12 MAX. WATTS
GRID DISSIPATION - - 2 MAX. WATTS

Page Two

TYPICAL OPERATION

Class AB (Sinusoidal wave, two tubes uniess

otherwise s_peciﬁed)

D-C Plate Voltage - 600 800 100Q 1250 volts
D-C Screen Voltage - 300 300 300 300 volts
D-C Grid Voltage (approx. )‘ -44 —47 -47 —48 volts
Zero-Signal D-C Plate Current 160 120 120 I15 ma
Max-Signal D-C Plate Current 380 380 380 390 ma
Zero-Signal D-C Screen Current - 0 0 0 0 ma
Max-Signal D-C Screen Current - &5 45 60 40 ma
Effective Load, Plate-to-Plate 3550 4625 5850 7200 ohms
Peak A.F Grid lnpuf Voltage

{per tube) - 44 47 47 48 volts
Driving Power - 0 0 0 0 watts
Max-Signal Plate Dlmpahon

{per tube) - 45 55 70 90 watts
Max-Signal P|afe Power Ou'puf - 140 195 240 310 watts

*Adjust grid voltage to obtain_specified zero-signal plate current.
Maximum permissible grid circuit series resistance 100,000 ohms per tube.

TYPICAL OPERATION

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

D-C Plate Yoltage -

600

800

1000

1250

volts

D-C Screen VYoltage - - 300 300 300 300 volts
D-C Grid Voltage** -4 —43 —43 —44 volts
Zero-Signal D-C Plate Currenf 185 160 165 180 ma
Max-Signal D-C Plate Current 485 490 495 475 ma
Zero-Signal D-C Screen Current -~ 0 0 0 0 ma
Max-Signal D-C Screen Current - 85 75 70 65 ma
Effective load, Plate-to-Plate 2600 3500 4400 5600 ohms
Peak A-F Grid Inpuf Volfago

(per tube) - - 47 48 49 50 volts
Max-Signal Peak Dnvmq Power - 0.15 0.15 0.15 0.15 watts
Max-Signal Nominal Drmnq Power

(approx.) 75 75 75 75 mw
Max-Signal Plah Dnssvpahon

(per tube) - - 60 75 90 85 watts
Max-Signal Plate Power Oufpuf 170 240 318 425 watts

**Adjust grid voltage to obtain specified zero-signal plate current.
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“4X150A

APPLICATION

MECHANICAL

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

The tube will fit a standard “loktal” socket, but the
use of such a socket prevents adequate air-cooling of the
base of the tube. Use of the “loktal” socket is not
recommended.

Connections to the terminals of all the electrodes ex-
cept the plate are provided by the Air-System Socket.
The anode-cooler assembly provides a terminal surface
for the plate connection. For high-frequency applications
a metal band or a spring-finger collet should be used to
make good electrical contact with the cylindrical outer
surface of the anode cooler. Points of electrical contact
should be kept clean and free of oxidation to minimize
r-f losses.

Cooling—The 4X150A requires sufficient forced-air cool-
ing to keep the cooler core and the metal parts of the
metal-to-glass seals from exceeding a maximum tempera-
ture of 150°C. The air flow must be started when power
is applied to the heater, and must continue without in-
terruption until all electrode voitages have been removed
from the tube.

The Eimac Air-System Socket directs the air over the
surfaces of the tube base, and through the anode cooler
to provide effective cooling with a minimum air flow.
Seven and one-half cubic feet of cooling air per minute
must flow through the Air-System Socket and the anode
cooler for adequate cooling. This corresponds to a total
pressure drop of 0.6 inches of water through the socket
and the anode cooler.

The air requirements stated above are based on
operation at sea level and an ambient temperature of
20°C. Operation at high altitude or at high ambient
temperatures requires a greater volume of air flow. The
necessary design information for such conditions is con-
tained in an article entitled ‘‘Blower Selection for Forced-
Air-Cooled Tubes”, by A. G. Nekut, in the August, 1950,
issue of “Electronics.”

One method of measuring temperature is provided by
the use of the “Tempilaq”, a temperature-sensitive
lacquer, which melts when a given temperature is
reached. Where forced-air cooling is employed, very
thin applications of the lacquer must be used. This
product is obtainable from the Tempil Corporation, 132
West 22nd St., New York 11, N. Y.

ELECTRICAL

Heater—The heater should be operated as close to 6.0
volts as possible, but it will withstand heater-voltage
variations as great as 109% without injury. Some varia-
tion in power output must be expected to occur with
variations of the heater voltage.

Cathode—The cathode is internally connected to the four
" even-numbered base pins. All four corresponding socket
terminals should be used for connection to the external
circuit. The leads should be of large cross-section and as
short and direct as possible to minimize cathode-lead
inductance.

Grid Dissipation— Grid-circuit driving-power require-
ments increase with increasing frequency because of cir-
cuit losses other than grid dissipation. This becomes
noticeable at frequencies near 30 Mc., and increases until

at 500 Mc. as much as 30 watts driving power may be
required in ordinary circuits.

Despite the increased driving power required by the
circuit as a whole at higher frequencies, the power
actually consumed by the tube grid does not increase
greatly. Satisfactory operation in stable amplifier circuits
is indicated by d-c¢ grid-current values below approxim-
ately 15 milliamperes.

Screen Dissipation—Bias- or plate-supply failure or un-
loaded-plate-circuit operation can cause the screen cur-
rent and dissipation to rise to excessive values. Protection
for the screen can be provided by an overload relay in
the screen circuit, in addition to the usual plate-overload
relay. Use of a screen-current milliammeter is advisable.

Plate Dissipation—The maximum-rated plate dissipation
is 150 watts. The maximum-rated plate dissipation for
plate-modulated applications is 100 watts under carrier
conditions, which permits the plate dissipation to rise
to 150 watts under 100% sinusoidal modulation.

Plate dissipation may be permitted to exceed the
maximum rating momentarily, as, for instance, during
tuning.

UHF Operation—Transit time effects, which occur at
ultra-high frequencies in the 4X150A, can be minimized
by adherence to the operating conditions suggested
below:

1. Use a minimum d-c bias voltage, not over twice
cut-off. R

2. Apply only enough drive to obtain satisfactory
plate efficiency.

3. Operate the screen at reasonably high voltage, but
do not exceed the screen-dissipation rating. The
circuit should be loaded to obtain screen-current
values close to those given under ‘“Typical
Operation” at 500 Mec.

4. Fairly heavy plate loading is required. In general,
low-voltage, high-current operation is preferable
to operation at high voltage and low current. If
conditions require a change to lighter plate load-
ing, the drive should also be reduced to the mini-
mum value for satisfactory operation at the new
output level. -

5. Parasitic oscillations are usually associated with
excessive grid and screen current and are in-
jurious to vacuum tubes. Similarly, tuned-plate
circuits which accidentally become simultaneously
resonant to harmonics and the fundamental fre-
quency may also cause low efficiency and damage
tubes.

Plate Modulation—Plate modulation can be applied to the
4X150A when it is operated as a class-C radio-frequency
amplifier. To obtain 100% modulation, the d-c screen
voltage must be modulated approximately 55%, in phase
with the plate modulation. Self-modulation of the screen
by means of a series resistor or reactor may not be satis-
factory in this particular tetrode due to the screen-
voltage, screen-current characteristics.

Grid Resistance—In class-A and -AB, amplifiers, where no
grid current flows, the grid-bias voltage may be applied
through a resistor. The maximum permissible series re-
sistance per tube is 100,000 ohms.

Special Applications—If it is desired to operate this tube
under conditions widely different than those given here,
write to Eitel-McCullough, Inc., San Bruno, California, for
information and recommendations.

Page Three
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4X150D

N o~ RADIAL-BEAM
OUGH, INC. :
POWER TETRODE

'NO, CALIFORNIA

The Eimac 4X150D is the 26.5 volt version of the 4XI50A. The 4X150D
differs from the 4XI150A only in the construction of its package-type heater
which is integral with the cathode. The material in the 4X150A data sheet

applies exactly to the 4X150D, except for its heater rating of 26.5 volts at
0.57 amperes.

Because of its package-type heater, wherein an insulating material encloses
the heater and is bonded to the inner cathode surface, the Eimac 4X150D is
suited for use in airborne or vehicular service having 28 volt electrical systems.

As with the 4X150A, the use of the Eimac 4X150A Air-System Socket, or a
socket providing equivalent air-cooling facilities, is required for the 4X150D.

Copyright 1953 by Eitel-McCullough, Inc. Printed in U.S.A.1.70322



4X150A /4000
EITE TR X150A /4010

O, CALIFORNIA AIR-SYSTEM
SOCKETS

The Eimac 4XI50A/4000 and 4X150A/4010 Air-System Sockets are de-
signed to provide adequate air cooling and an efficient high-frequency circuit
arrangement for the Eimac 4XI50A and 4X150D tetrodes. The insulating
materials used in their construction have very low r-f losses to well above 800
Mc., and are mechanically strong, non-porous, non-hygroscopic and substan-
tially unaffected by temperatures up to 180° Centigrade. The contact fingers
are of spring alloy and all metal parts are silver plated to reduce r-f losses.

The 4X150A /4000 Air-System Socket is characterized by having all connect-
ing tabs insulated from the socket flange and skirt. This type socket is intended
for use in circuits where the cathode of the tube is not at chassis potential.

The 4X150A/4010 Air-System Socket is characterized by having the four
cathode connecting tabs (Numbers 2, 4, 6 and 8] riveted permanently to the
socket skirt. This type socket is intended for use in circuits where the cathode
of the tube is at chassis potential.

MOUNTING-—If the tube and socket are to be used in a coaxial-line circuit, the
Air-System Socket may be mounted directly on the end of the coaxial input line.
The skirt of the socket fits over a cylinder of | % " outside diameter, and four
mounting holes are provided {See Outline Drawings]. '

For chassis mounting, a 2% ” diameter hole should be cut into the deck and the socket secured by
the three toe clamps provided.

DO NOT DRILL THROUGH THE SOCKET FLANGE.

CONNECTIONS—The control grid connection is on the axis of the socket and is provided with a No. 6-32
threaded hole for direct connection to a coaxial line or a terminal lug.

A low impedance path between screen grid and ground is provided by a bypass capacitor of from
2750 puuf 500 uuf built into the socket flange.

COOLING—A pressurized chamber should be provided to introduce an air stream jnto the socket from
the under side to cool the grid, cathode and screen seals. A heat-resistant chimney is provided to direct
the air stream over the tube envelope and through the anode radiator.

If a coaxial-line circuit is used, the input line should be pressurized, while the output cavity should be
made air tight to direct the air through the anode radiator of the tube.

For the specific cooling requirements of the 4X150A and 4X150D, see the paragraph on "Cooling"
in the 4X150A Data Sheet.

SOCKET IDENTIFICATION

TYPE NUMBER DESCRIPTION

4X150A/4000 - - - - - - - - - 4XI150A Air-System Socket with Chimney
4X150A/4001 - - - - - - - - - 4XI150A Air-System Socket less Chimney
4X150A/4006 - - - . - - - - - - 4X150A Air-System Chimney Only
4X150A/4010 - - - - 4XI50A Air-System Socket—Grounded Cathode—with Chimney
4X150A/4011 - - - - 4X150A Air-System Socket—Grounded Cathode—Iless Chimney

{Effective 6-15-53) Copyright 1953 by Eitel-McCullough, Inc.
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The Eimac 4X150G is an extremely compact external-anode tetrode intended for
use as a radio-frequency amplifier, frequency multiplier, or oscillator at frequencies
well into the UHF region or as an amplifier in any service requiring a high-gain tube
capable of delivering high power-output at low plate-voltage. The combination of a
high ratio of transductance to capacitance and a plate dissipation capability of 150
watts make the tube an excellent wide-band ampliger for video applications.

The cathode, grid and screen electrodes are mounted on conical and cylindrical
supports giving a minimum of circuit discontinuitie§ and lead inductance. The
rugged cylindrical terminals, progressively larger in size, allow the tube to be inserted
in coaxial line cavities. The screen support and terminal provide maximum isolation
between the grid-cathode terminals and the plate circuit.

In amplifier service at 500 megacycles, output power of 140 watts per tube, with a
stage power-gain of 14, can be obtained. At 1000 megacycles an output power of 50
watts per tube is obtained with a power-gain of five.

GENERAL CHARACTERISTICS

ELECTRICAL
Cathode: Coated Unipotential
Heater Voltage - - - - - - - - - - - 25 volts
Heater Current - - - - - - - - - - - 6.25 amperes
Minimum Heating Time - - - - - - - - 45 seconds
Screen-Grid Amplification Factor (Average) - - - - - - - - 5.0
Direct Interelectrode Capacitances (Average) Grounded Grid Grounded Cathode
Feedback {without shielding) - - less than 0.005 - - - - 0.035 ppfd
Input - - - - - - - 17. - - - - 27 ppfd —
Output - - - - - - 45 - - - - 45  ppfd
Transconductance (lb=250 ma., Ep=500v., E.;=250 V.) - - - - - 12,000 ymhos
MECHANICAL
Cooling - - - - - - - - - - - - - - - - - - - - - Forced Air
Mounting position - - - - - - - - - - - - - - - - - - - . Any
Maximum Over-all Dimensions
Length S T R & AN O
Diameter - - - - - - - - - - - - - - - - - - - 1.635 inches
Maximum Seated Height - - - - - - - - - - - - - - - . 1-27/32 inches
Net Weight T ounces
Shipping Weight (Average) - - - . . . . . . _ . . s pounds

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

RADIO-FREQUENCY POWER DC Flate Voltaga o oS iB 1000t N "Yse el

Screen VYoltage 250 250 250 250 volts

AMPLIFIER OR OSCILLATOR 5 & lotane ™

- S - S - B

- - - 200 200 200 200 ma

cl C Tel h FM Teleph D-g écrzenc Current - - - ISg 37 30 20 ma

- eqr D- ri urrent - - - - 10 10 10 ma
(KCSS d eleg GP y or e eP ony ll;eak R-FPGrid Yoltage (approx.) - 099 09; 09.‘; 105 volts
- H riving Power - - - - . B 3 0.8 watts
ey-down conditions, per tube) Plate Power Input - - - - 120 150 200 250 watts
Plate Power Output - - - - . 85 3]} i50 195 watts

MAXIMUM RATINGS The performance figures for frequencies up to 165 Mc. are obtained by

caiculation from the tube characteristic curves and confirmed by direct
tests. The driving power includes only power taken by the tube grid and

D-C PLATE VOLTAGE - |250 MAX_ VOLTS :he bias ch:rcuif. T_he’ 3riving pc')we_r apfd output power do not allow for
D-C SCREEN VOLTAGE - 300 MAX. VOLTS TYPICAL OPERATION (Single tube, 506 Mc., coaxial cavity)

D-C Plate Voltage - - - 600 800 1000 1250 volts

D-C GRID VOLTAGE - - —250 MAX. VOLTS DS &ravalmge - 1 1 o I 3wl
D-C Plate Current - - - - 200 200 200 200 ma
D-C PLATE CURRENT - 250 MAX. MA DC erdcumem - I a3 gm
Driver Output Power (approx.) - 10 10 10 10 :1:"5
PLATE DISSIPATION - - 150 MAX. WATTS Power fnput - "= - - 1120 180 200 20 wath
Useful Po-wer Output - - - 6 90 "o 140 watts
SCREEN DISSIPATION R 12 MAX. WATTS These 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 the total power taken by the tube

GRID DlSSlPAT|ON - - 2 MAX. WATTS and a practical resonant circuit. In many cases with further refinement

and improved techniques better performance might be obtained.

Effective 9-1-55 (Copyright 1954 by Eitel-McCullough, Inc.)



PLATE-MODULATED RADIO-
FREQUENCY AMPLIFIER

Class-C Telephony (Carrier conditions, per tube)

MAXIMUM RATINGS

D-C PLATE VOLTAGE - 1000 MAX. VOLTS
D-C SCREEN YOLTAGE . 300 MAX. VOLTS
D-C GRID VOLTAGE - —250 MAX. VOLTS

D-C PLATE CURRENT - 200 MAX. MA

PLATE DISSIPATION . - 100 MAX, WATTS
SCREEN DISSIPATION - 12 MAX. WATTS
GRID DISSIPATION - - 2 MAX. WATTS

/ 4X1506

-“ o

TYPICAL OPERATION (Frequencies up to 165 Mc.) '

D-C Plate Yoltage - - - - 400 600 800 1000 volts
D-C Screen Voltage - - - 250 250 250 250 volts
D-C Grid Yoltage - - - - —90 —95 —100 —I05 volts
D-C Plate Current - - - - 200 200 200 200 ma
D-C Screen Current - - - 40 35 25 20 ma
D-C Grid Current - - - - 7 8 10 1S ma
Peak A.F Screen Voltage at cresf

of 100% Modulation - - 140 150 160 170 volts
Peak R-F Grid Inpuf Volfage

{approx.) - - 110 120 120 125  voits
Driving Power (approx.) - - | 1 1.5 2 watts
Plate Dissipation - - - - 25 40 60 60 watts
Plate Power Input - - - - 80 120 160 200 watts
Plate Power Output - - - 55 80 100 140 watts

RADIO-FREQUENCY POWER
AMPLIFIER

Class-B Linear, Television Visual Service {per tube)
MAXIMUM RATINGS

D-C PLATE VOLTAGE - 1250 MAX. YOLTS
D-C SCREEN VOLTAGE - 400 MAX. VOLTS
D-C GRID VOLTAGE - - —250 MAX. VOLTS
D-C PLATE CURRENT

(AVERAGE) - - - 250 MAX. MA
PLATE DISSIPATION - - 150 MAX. WATTS
SCREEN DISSIPATION - 12 MAX. WATTS
GRID DISSIPATION - - 2 MAX. WATTS

PLATE PULSED RADIO FREQUENCY
AMPLIFIER OR OSCILLATOR

MAXIMUM RATINGS
PULSED PLATE YOLTAGE
PULSED SCREEN VOLTAGE
D-C GRID VOLTAGE -
MAXIMUM PULSE DURATION
PULSED CATHODE CURRENT
AVERAGE POWER INPUT -
PLATE DISSIPATION

SCREEN DISSIPATION

GRID DISSIPATION -

7000 MAX. YOLTS

1500 MAX. YOLTS

—500 MAX. YOLTS
5 MICROSECONDS

7 MAX. AMPS

250 MAX. WATTS

150 MAX. WATTS

15 MAX. WATTS

2 MAX. WATTS

TYPICAL OPERATION (Frequencies up to 216 Mc., 5-Mc. bandwidth)
D-C Plate Voltage - - - - 750 1000 1250 volts

D-C Screen Voltage - - - - - 300 300 300 volts
D-C Grid VYoltage - - - - - —580 —45 —70 volts
During Sync-Pulse Peak:

D-C Plate Current - - - - - 335 330 305 ma
D-C Screen Current - - - - - 50 45 45 ma
D-C Grid Current - - - - - 15 20 25 ma
Peak R-F Grid Voltage - - - - 85 95 100 volts
R-F Driver Power (approx.) - - - 7 8 9 watts
Useful Power Output - - - - - 135 200 250 watts
Black Level:

D-C Plate Current - - - - - 245 240 230 ma
D-C Screen Current - - - - - 20 15 10 ma
D-C Grid Current - - - 4 4 4 ma
Peak R-F Grid Voltage (approx) - - 65 70 75 volts
R-F Driver Power (approx.) - - - 4.25 4.7 5.5 watts
Plate Power Input - - - - - 185 240 290 watts
Useful Power Output - - - - - 75 o 140 watis

TYPICAL PULSE OPERATION
Single tube oscillator, 1200- Mc.

Pulsed Plate Yoltage - - - 5 7 Kilovolts
Pulsed Plate Current - - - - 4.0 6.0 Amps.
Pulsed Screen Yoltage - - - - 800 1000 Volts

Pulsed Screen Current - - - - 03 0.4 Amps.

D-C Grid VYoltage - - - - - —200 —250 Volts

Pulsed Grid Current - - - - 0.5 0.6 Amps.

Pulse Duration - - - - - - 4 4  Microseconds
Pulse Repetition Rate - - - - 2500 1256  Per second
Peak Power Output - - - - - 7 17 Kilowatts

APPLICATION

MECHANICAL

Mounting—The 4X150G may be mounted in any posi-
tion. The concentric arrangement of the electrode ter-
minals permits the use of the 4X150G in coaxial line
type circuits to advantage.

Connections to the contact surfaces should be made
by means of spring-finger collets which have sufficient
pressure to maintain a good electrical contact at all
fingers. The presence of non-contacting, or intermittent-
ly-contacting, fingers may result in erratic circuit opera-
Yion, particularly at very-high- or ultra-high-frequencies.
Points of electrical contact should be kept clean and
free of oxidation to minimize r-f losses.

Cooling—The 4X150G requires sufficient forced-air
cooling to keep the cooler core and the metal parts of
the metal-to-glass seals from exceeding a maximum

temperature of 150°C. The air flow must be started
when power is applied to the heater, and must continue
without interruption until all electrode voltages have
been removed from the tube.

Effective cooling of the anode is accomplished by
directing six cubic feet per minute of air through the
anode cooler. This flow is obtained at a pressure drop
across the cooler of approximately 0.25 inch of water
column. The grid, cathode and heater terminals are
cooled by high velocity air directed at the terminals and
the connecting collets which aid in the removal of heat
from the terminals by conduction. The volume required
will depend upon the socket arrangement and should be
adequate to keep the metal-to-glass seals below 150°C
and the center heater terminal below 200°C.

The air requirements stated above are based on op-



eration at sea level and an ambient temperature of
20°C. Operation at high altitudes or at high ambient
temperatures requires a greater volume of air flow. The
necessary design information for such conditions is con-
tained in an article entitled “Blower Selection for
Forced-Air-Cooled Tubes,” by A. G. Nekut, in the
August, 1950, issue of “Electronics.”

Temperature of the external parts of a tube may be
measured with the aid of “Tempilaq,” a temperature-
sensitive lacquer manufactured by the Tempil Corpora-
tion, 11 West 25th Street, New York 10, N. Y.

ELECTRICAL

Heater—The heater should be operated