
INFORMATION 

AS IT APPEARS 

IN THIS CATALOG 

TITLE 

GENERAL 
Quick Reference Catalog 
Field Engineers 
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TETRODES-PENTODES 
4-65A 
4-125A 
4-250A 
4-400A 
4-1000A 
4PR60A 
4W20,000A 
4X150 Tube Extractor 
4X150A 
4X150D 
4X150G 

• 4X250B 
4X500A 
4E27A/5-125B 

KLYSTRONS 
1K015XA, G 
3K20,000LA, F. K 
3K50,000LA, F, K 

Effective 
Date 

10-1-54 
10-1-54 

11-15-54 
1-2-52 

6-10-55 
6-1-50 
2-1-55 

5-14-54 
7-15-54 
8-24-53 
1-15-55 
6-2-52 

3-22-54 
2-27-54 

5-10-54 

TITLE 

TRIODES 
2C39A 
3C24 
3W5000A3 
3W5000F3 
3X2500A3 
3X2500F3 
3X3000AI 
3X3000FI 
6C21 
25T 
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250TL 
304TH 
304TL 
450TH 
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592/3-200A3 
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1500T 
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DIODES-RECTIFIERS 
2-01C 
2-25A 
2-50A 
2-150D 
2-240A 
2-2000A 
25OR 
253 
8020 
KY2 1 A 
RX2I A 
866A/866 
872A/872 

Effective 
Date 

6-2-52 
11-1-51 
8-23-53 
3-1-51 
6-2-52 
2-1-53 
2-1-52 

4-20-53 
4-1-54 
2-1-51 

6-15-51 
10-1-51 
1-2-52 
1-2-52 
4-1-49 
4-1-49 

11-25-52 
1-1-44 
5-1-53 

8-20-53 
4-10-53 
5-1-49 
8-1-50 

10-1-49 
7-1-54 
6-2-52 

3-15-52 
8-7-53 

10-15-50 

10-20-53 
7-1-52 
7-1-52 
7-1-52 
7-1-52 
7-1-52 
7-1-52 
7-1-52 
2-1-52 

7-12-53 
7-12-53 
5-30-53 
12-1-46 

OTHER PRODUCTS 3-15-53 
6-1-55 Vacuum Capacitors 6-15-52 

Variable Vacuum Capacitors 3-1-49 2-15-51 
HV-1 Diffusion Pump 8-29-53 

8-15-52 100IG Ionization Gauge 6-15-53 
Preformed Contact Finger Stock 3-10-53 
HR Connectors 10-15-54 
Air System Sockets 

7-22-54 4-400A/4000 1-15-55 
8-17-53 4-1000A/4000 See Tube Data Sheet 
8-17-53 4X1 50A/4000 6-15-53 

EITEL-McCULLOUGH, INC., SAN BRUNO, CALIFORNIA 
(Effective 6-1-55) 
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VACUUM TUBES 

1K015XA $ 180.00 
1 K015XG 180.00 
2-01C 
2-25A 
2-50A 
2-150D 
2-240A 
2-2000A 
2C39A 
2C398 
2X3000F 
3C24 
3K3000LA 
3K3000LQ 
3K20,000LA 
3K20.000LF 
3K20,000LK 
3K50,000LA 
3K50,000LF 
3K50.000LK 

3K50,000LQ 
3W5000A3 
3W5000F3 
3W10,000A3 
3X2500A3 
3X2500F3 
3X3000A1 
3X3000F1 
4-65A 
4-125A 
4-250A 
4-400A 
4-1000A 

15.25 
11.00 
13.75 
19.25 
40.00 

214.50 
24.00 
27.50 
140.00 
12.00 

2,470.00 
2,360.00 
2,975.00 
2,975.00 
2,975.00 
4,200.00 
4,200.00 
4,200.00 
4.200.00 

198.00 
198.00 
957.00 
198.00 
198.00 
198.00 
198.00 
20.00 
30.25 
41.25 
60.50 

132.00 
4E27A/5-125B 35.75 
4PR60A 90.00 
4W30013 41.50 

4W20,000A 1,850.00 

4X150A 
4X150D 
4X150G 
4X25011 
4X500A 
4X500F 
4X5000A 
6C21 
KY21A 
RX21A 
25T 

35T 
35TG 
75TH 
75TL 
100TH 
100TL 
152TH 
152TL 
250R 
250TH 
250TL 
253 
304TH 
304TL 
450TH 
450TL 
592/3-200A3 
750TL 
866A 

872A 
1000T 
1500T 

2000T 
8020 (100R) 

38.95 
38.95 
54.00 
42.50 
121.00 
93.50 

395.00 
77.00 
13.25 
9.00 

11.00 
12.00 
16.00 
16.00 
16.00 
18.25 
18.25 

32.00 
32.00 
22.00 
33.00 
33.00 
20.50 
60.50 
60.50 
77.00 
77.00 
30.25 

137.50 
2.45 
8.20 

137.50 
220.00 
275.00 
15.00 

VACUUM CAPACITORS 

VC6-20 $15.00 
VC6-32 17.25 
VC12-20 16.50 
VC12-32 20.00 
VC25-20 20.00 
VC25-32 23.25 

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

$ 24.25 
27.50 
66.00 

147.50 
284.00 

HEAT DISSIPATING CONNECTORS 

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

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

AIR SYSTEM SOCKETS 

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

$16.00 
12.00 
6.00 

22.50 
17.00 
7.50 

18.00 
17.50 

.60 
20.15 
19.70 

*Replacement Chimneys 

PREFORMED CONTACT FINGER STOCK 

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

- - $1.65/ft. 
- 1.80/ft. 

" - 2.00/ft. 

VACUUM PUMP & GAUGE 

HV-1 
Pump Oil - Qt. 
100 IG 

$125.00 
5.00 

22.50 

VACUUM SWITCH 

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

$18.00 
24.00 
32.00 
7.50 
8.50 

TUBE EXTRACTOR 

Tube Extractor for 4X150A, 

4X150D, 4X150G $ .55 

ALL PRICES SUBJECT TO CHANGE WITHOUT NOTICE Printed in U.S.A. 8-87673 



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" 

Application Engineering. 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. 

Field Engineering. 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. 
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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 information available at their 
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, Illinois 
Phone: Cedarcrest 3-7388 

ADOLPH SCHWARTZ 
One Exchange Place, Room 
Jersey City, New Jersey 
Phone: Delaware 3-2424 

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 

919 Dallas 17, Texas 
Phone: Express 0988 

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. 

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 
Effective 8-11-53 
1110, Indicates change from sheet dated 6-5-53. Printed in U.S.A 3- 73034 
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Eimac 
Tube Type 
Numbering 
System 

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

To illustrate the method of coding and the information the type number conveys, a 21/2  kw forced-
air cooled Eimac triode, type number 3X2500A3, is broken down as follows: 

Number of Electrodes 
2 Indicates Diode 

3 Indicates Triode 

4 Indicates Tetrode 

5 Indicates Pentode 
etc. 

3X2500A3 

Description 

Plate 
Dissipation 

(Watts) 

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

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

internal anode. 
PX Intended for pulse work, external anode, air-

cooled. 
PW Intended for pulse work, water-cooled anode. 

*In type numbers chosen for future tubes, the letter 
"R" will be used in place of the dash to indicate a 
radiation cooled tube of the internal anode construc-
tion. 

Mu Group 
1 Indicates 

2 Indicates 

3 Indicates 
etc. 

Version 

mu from 0 to 10. 

mu from 11 to 20. 

mu from 21 to 30. 

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

Copyright 1950 Eifel-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: 

3K20,000LA 

Number of Cavities 

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

TW 
PK 
Sr 

Type of Tube 
Klyston 
Traveling Wave 
Pulse Klystron 
Space Charge 

Travelling Wave Tube. 

Dissipation 
Rating 
(Watts) 

Version 
Indicates tubes which, although 
alike as to the number of inter-
action regions, type, dissipation 
and frequency band, 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. 1-71531 



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 406 

Fairbanks 
Yukon Radio Supply, Inc. 
655-6th Ave. 
P. 0. 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. 0. Box 2229 
Southeastern Radio Parts Co. 
210 N. Court St. 

ARIZONA 
Phoenix 

Radio Parts of Arizona 
214 South I Ith 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 5081 

ARKANSAS 
Blytheville 

Blytheville Radio Supply 
112 South First St. 

Ft. Smith 
Wise Radio Supply 
1001 Towson Ave. 

Little Rock 
Carlton Wholesale Radio, Inc. 
109 W. 9th St. 
P. 0. 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 Blvd. 

Valley Electronic Supply Co. 
1302 W. Magnolia Blvd. 

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 Lynda 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. 

Elmer Electronics 
140 - I Ith St. 

Palo Alto 
Zack Radio Supply Co. 
225 Hamilton Ave. 

Pasadena 
Dow Radio Supply Co. 
1759 E. Colorado St. 
Electronic Supply Corp. 
2615 East Foothill Blvd. 

Sacramento 
E. M. Kemp Co. 
1115 "R" Street 
Sacramento Electric Supply Co. 
1219 "S" St. 

San Bernardino 
Kierulff & Company 
1123 W. Base Line at "L" St. 

San Diego 
Shanks & Wright 
2045 Kettner Blvd. 
Western Radio & Television 
Supply Co. 
1415 India 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 Oak 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 Verrnijo 

Denver 
Inter-State Radio & Supply Co. 
1200 Stout St. 
Niles Phonograph & Radio Co. 
505-507-509 14th St. 
Radio Products Sales Co. 
1237 - 16th St. 
L. B. Walker Radio 
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. 

co. 

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 St. 

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. 
Hairy 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. 6th & 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 
Grice Radio & Electronic 
Supplies 
360 E. Wright 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, Inc. 
1309 North Dixie 

GEORGIA 
Albany 

Specialty Distributing Co. 
104 Pine Ave. 

Atlanta 
Specialty Distributing Co. 
425 Peachtree St., N. E. 
Southeastern Radio 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. 
411 E. B oughton St. 
Southeastern Radio Parts Co. 
38 Montgomery St. 

HAWAII 
Honolulu, T. H. 

Precision Radio Co. 
1372-74 So. King St. 
Radio Wholesale St Supply Co. 
P. 0. 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. 1st St. 
Wilson Supply Co. 
108 W. Jefferson St. 

INDIANA 
Anderson 

Seyberts Radio Supply 
1331 Main St. 

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 
11 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 Illinois 
Radio Distributing Co. 
1013 N. Capitol Ave. 

Lafayette 
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., S. 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. 

KANSAS 
Hutchinson 

Acme Radio Supply 
327 W. 4th St. 

Interstate Electronic Supply Corp. 
325 W. 4th St. 

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 Ida, P. 0. Box 2018 
Radio Supply Co. 
1125-27 East Douglas 

KENTUCKY 

Lexington 
Electronic Distributors 
134 West 3rd St. 

Kentucky Radio Supply Co. 
376 East Main St. 
Radio Equipment Co. 
480 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 21st 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-Ellert 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 & Young of Mass., Inc. 
811 Boylston St. 
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 Radio 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 
Oakes Electrical Supply Co. 
271 Appleton St. 
Springfield Radio Co. 
93 High St. 

Lawrence 
Hatry & Young of Lawrence, Inc. 
262 Lowell Street 

New Bedford 
C. E. Beckman Co. 
I I 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 
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. 
19 - 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 Ave. 

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 Irwin 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. 
141 - 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 
Co. 211 North Main St. 

Cape Girardeau 
Suedekum Electronic Supply Co. 
902 South Sprigg St. 
P. 0. 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 
Radiola b 
1612 Grand Ave. 

Poplar Bluff 
Tri-State Radio & Supply Co. 
536 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. 0. Box 966 

Missoula 
Northwest Distributors 
509 South Higgins Ave. 

NEBRASKA 
Lincoln 

Hicks Radio Company 
1422 "0" Street 
Leuck Radio Supply 
243 South 11th 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. 0. Box 67 

NEVADA 
Reno 

Ed. Heim Radio & Electronics 
1185 Wells Ave. 

NEW HAMPSHIRE 
Concord 

Evans Radio 
P. 0. 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 Radio Co. 
4401 Ventnor Ave. 
Radio Electric Service Co. 
406 North Albany 

Camden 
Almo 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 11th 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-I Communications Supply Co. 
441 Cerrillos Road 

NEW YORK 

Albany 
Fort Orange Distributing Co., Inc. 
904 Broadway 

E. E. Taylor Co. 
465 Central Ave. 

Amsterdam 
Adirondak 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, 
123-131 South Tioga 

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. 
48 West 38th St. 
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 & Electronics 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 Walton St. 
Stewart W. Smith, Inc. 
325 East Water St. 

Inc. 
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. 
420 Mamaronock Ave. 

NORTH CAROLINA 
Asheville 

Freck Radio & Supply Co. 
38 Biltmore Ave. 

Charlotte 
Dixie Radio Supply 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-Huge 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 
I17-12th St., N. E. 

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

Herrlinger 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. 
III - 117 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 Radio Supply 
156 S. 3rd St. 

Toledo 
The H & W Auto Accessories Co. 
26 N. I Ith 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. Detroit 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. 0. 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 5 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. 
1011 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. 



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 St. 
M&H Sporting Goods 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. Wile 
218 South I Ith 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., Inc. 
204 St. John St. 

SOUTH DAKOTA 
Aberdeen 

Burghardt Radio Suppry 
P. 0. Box 342 

Sioux Falls 
Power City Radio Co. 
209 South First Ave. 

Watertown 
Burghardt Radio Supply 
P. 0. Box 41 

TENNESSEE 
Bristol 

Roden Electrical Supply Co. 
104 East State St. 

Chattanooga 
Specialty Distributing Co. 
135 Market St. 

Jackson 
L. K. Rush Company 
103 Highland St. 

Kingsport 
Chemcity Radio & Electric 
1019 Bristol Highway 

Knoxville 
Chemcity 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. 6th St. 

Austin 
The Hargis Co. 
706 West 6th St. 

Beaumont 
Montague Radio Distributing 
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. 

Dallas 
Crabtree's Wholesale Radio 
2608 Ross Ave. 
Industrial Electronic Supply, Inc. 
134 Leslie St. 
Ra -Tel, Inc. 
2409 Ross Ave. 
Southwest Radio Supply 
1820 N. Harwood St. 
Wil kinson Bros. 
P. 0. 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. 0. 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. 

Co. 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 Iturbide St. 

Lubbock 
R & R Supply Co., Inc. 
706 Main St. 
West Texas Radio Supply 
1007 Avenue Q 

McAllen 
Rio Radio Supply Co. 
P. O. Box 168 

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

San Antonio 
Amateur Headquarters & Supply 
P. 0. Box 5086. 
Beacon Hill Station 
Electronics, Inc. 
512 Broadway 
Mission Radio, Inc. 
P. 0. Box 2487 
Radio & Television Parts Co. 
118-20 Seventh St. 
Rio Radio Supply Co. 

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. 0. 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 21st 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 Republican St. 
Radio Products Sales Co., Inc. 
1214 - 1st Ave. 
Seattle Radio Supply, Inc. 
2117 - 2nd Ave. 
Western Electronic Supply Co. 
717 Dexter Ave. 
Westlake Electronic Supply 
511 Westlake Ave., North 
Herb E. Zobrist Co. 
2121 Westlake Ave. 

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

Harper-Meg9ee 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. 
12th & Pine Sts. 

WASHINGTON D. C. 
Capitol Radio Wholesalers 
2120 - 14th St. N. W. 
Electronic Wholesalers, Inc. 
2345 Sherman Ave. N. W. 

General Electric Supply Corp. 
705 Edgewood St. N. E. 
Kenyon Radio Supply Company 
Q020 - 14th Street, N. W. 
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. 
791 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 St. 

WISCONSIN 
Appleton 

Appleton Radio Supply Co. 
1217 N. Richmond St. 

Valley Radio Distributors 
518 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, Inc. 
2548 W. Lisbon Ave. 
Radio Parts Co., Inc. 
536-538 West State St. 

Wausau 
Radio Service & Supply Co. 
615 Third St. 

WYOMING 
Cheyenne 

Houge Radio & Supply Co. 
2008 Carey Ave. 

10-16-53 



E I TEL-Mc CULL° U GH, INC. 
SAN BRUNO, CALIFORNIA 

TUBE 

REPLACEMENT 

CHART 

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 

Eimac 
Tube 
Type 

Type 
Replaced 

NEAR EQUIVALENT 

Type 
CHANGES REQUIRED 

Ef Bias Socket Plate 
Connector 

Grid 
Connector 

3C24 25TG 
3-25D3 
VT204 
24G 
DR24G 
PEI30A 

3C28 
TU F20 
PEI30B 

X X X 
X 
X 
X 

2C39A GE2C39A 
ML38I 
ML2C39A 
2C39 
3X100All 
2C38 
ZP572 
GL2C39 

3X2500A3 7C24 
7C25 
WL473 

X 
X 
X 

X 
X 
X 

X 
X 
X 

X 
X 
X 

3X2500F3 492R X X X X 

257 , 3-25A3 
3C24 
24 
PEI30C 

HY3OZ 
NU3OZ 
809 
GL809 
NU809 
WL809 
1623 
GLI623 
NUI623 

X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 

351 3-50A4 
PE357 

HY40 
140 
NU4OT 
HY4OZ 
TZ40 
NU4OTZ 
T55 
811 
DR8Il 
GL8I 1 
NU8Il 
WL811 
812 
8I2H 
DR8I2 
GL8I2 
NU812 
WL8I2 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 

. 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

35TG 3-50D4 4C25 
sa 
356A 
808 
DR808 

X 
X 

X 
x 

X X 
X 
X 

X 
X 
X 
X 
X 

UH50 VT62 
3-50G2 
BWI 1 
3048 
834 

(Effective 1-2-52) Copyright 1952 by Eitel-McCullough. Inc. 
(Supersedes sheet dated II-I-4h) 

Printed in U.S.A. 



TUBE REPLACEMENT CHART TRIODES (Continued) 
NEAR EQUIVALENT 

Eimac 
Tube 
TYPe 

Type 
Replaced Type 

CHANGES REQUIRED 

Ef Bias Socket 
Plate 

Connector 
Grid 

Connector 

75TH 3-75A3 HY5 I A 
NU5IA 
HY5 1 13 
HY51Z 
TW75 
8005 

X 
X 
X 
X 
X 
X 

X 

X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 

75TL 3-75A2 
75T 

100TH 3-1 000A4 
VT218 
RK38 
DRIOOTH 
EE 1 00TH 

4C22 
HFI 00 
T125 
254 
810 
GL8I 0 
WL8I 0 
227A 
327A 
3278 

X 
X 
X 

X 
X 
X 

X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

I OOTL RK36 
3- I 00A2 
50T 

8000 
VT I 27A 

X X 
X 

X 
X 

X 
X 

152TH 3- I 50A3 
I 52H 

I 52TL 3-150A2 
I 52L 
I 52T 

592 / 3-200A3 G L592 

527 3-300G4 

6C2 I GL6C21 

250TH 3-250A4 
VT220 
RK63 
454H 

4C32 
TWI50 
354E 
354F 
WL463 
PE530 
G L592 
8225 

X 
X 

X 
X 
X 

X 
X 
X 

X 

X 
X 
X 
X 
X 
X 

X 

X 
X 
X 
X 
X 
X 

X 

, 250TL 3-250A2 
VT130 
150T 
454L 

4C34 
HVI 8 
KU23 
DR200 
EE200 
H F200 
N U200 
T200 
DR300 
EE300 
H F300 
N U300 
354C 
3540 
WL460 
806 
GL806 
WL806 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 

. X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

304TH 3-300A3 
VT254 
304H 
WL535 

304TL 3-300A2 
VT129 
304L 
304T 
WL525 



TRIODES (Continued) TUBE REPLACEMENT CHART 

Eimac 
Tube 
Type 

Type 
Replaced 

NEAR EQUIVALENT 

Type 
CHANGES REQUIRED 

Ef Bias Socket Plate 
Connector 

Grid 
Connector 

450TH 3-450A4 
VT108 
WL450 
F450TH 
854H 
E450TH 

833 
357A 
833A 
DR833A 
GL833A 
ML833A 
WL833A 

X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 

450TL 3-450A2 
300T 
854L 

750TL 3-750A2 
I054L 

I 000T 3-1000A4 
1000U HF 

I 500T 3- I 500A3 

2000T 3-2000A3 H F3000 
ZB3200 

X 
X X 

X 
X 

X 
X 

X 
X 

TETRODES 

Eimac 
Tube 
Type 

Type 
Replaced 

NEAR EQUIVALENT 

TYPe 
CHANGES REQUIRED 

Ef Bias Socket 
Plate 

Con- 
nector 

Grid 
Con-
nector 

4PR60A 5D2 I 
715C 
4-60A 
715A 
7158 

4-65A 57 X X 

4- I 25A 4D2 1 4E27 X X X 
4D23 RK65 X X 
AT340 257 X X X 
PE340 257B X X X 

AT257C X X X 
PE257C X X X 
813 X X X X 
VTI44 X X X X 
GL8 1 3 X X X X 
ML8 1 3 X X X X 
NU8I 3 X X X X 
WL8 13 X X X X 
8001 X X X 

4X150A 4X100A X 

4-250A 5D22 363A X X X 
5024 GL592 X X X X 

4-400A 4-250A 

4X500A RK6D22 X X X X X 

PENTODES 
Eimac Type Type Replaced 

4E27A/5- 125B 257 
257B 
8001 
4E27 
5-1258 

RECTIFIERS 

Eimac 
Tube 
T ype 

Type 
Replaced 

NEAR EQUIVALENT 

Type 

CHANGES REQUIRED 

Ef Eg Socket 
Plate 
Con- 
nector 

Grid 
Con-
nector 

2-25A 25R 3 B24W X X 
WL579B X X X 

2-50A 35R 

253 H K253 217C X 
317C X 

8020/100R WL578 
GL45 I 
2-100A 
G L8020 
DR8020 ' 
EE8020 
R6174 
100R 

866A /866 VT46A 
C866A 
C866 
RCA866A 
UE966 
WL866A / 866 
GL866A/ 866 
N U 866A /866 
3096 
UE966A 
F366A 
U X866 
RK866 
7866A/ 866 
CE866A /866 
3572 
EE866A /866 
CV32 
836 
3628 
3B27 
3B25 

(Continued on Back Page) 



CONDENSERS RECTIFIERS (Continued) 

Eimac 
Tube 
Type 

Type 
Replaced 

NEAR EQUIVALENT 

Type CHANGES REQUIRED 

Ef Eg Socket 
Plate 
Con- 
nector 

Grid 
Con-
nector 

2-150D I 52RA 

25OR 2-250A 
TR4OM 
3718 
DR37 I 8 
NU37 I 8 

2-2000A 200OR 

RX2 IA RX2 I 

KY2 I A KY2 I 

872A VT42A 
872 
UE972 
NU872A/ 872 
C872A 
F872A 
F353A 
RCA872A 
F353 
7872A/ 872 
3070 
GL872A 
CE872A 
WL872A / 872 
F8728 
BB872A 

Eimac 
Tube 
Type 

I 

Type 
Replaced Replaced 

NEAR EQUIVALENT 

Type 
CHANGES REQUIRED 

Spacing 

VC6-20 VC6 

VC12-20 VC12 GLIL2I 
GL I L25 

X 
X 

X 
X 

VC25-20 VC25 GL I L22 
GL I 36 

X 
X 

X 
X 

VC50-20 VC50 GL I L23 
GL 1 L38 

X 
X 

X 
X 

VC6-32 

VCI 2-32 

VC25-32 

VC50-32 

VC6 

VCI 2 

VC25 

VC50 • 

TUBE REPLACEMENT CHART CROSS INDEX 
Comparable types arranged in serial order of their dominant number. 

FOR 
TYPE NO. 

USE 
EIMAC 

FOR 
TYPE NO. 

USE 
EIMAC 

, 
FOR 

TYPE NO. 
USE 

EIMAC 
FOR 

TYPE NO. 
USE 

EIMAC 
FOR 

TYPE NO. 
USE 

EIMAC 

GLIL21 VCI2-20 4E27 4E27A/5-125B l VT108 450TH AT340 4-I25A WL809 25T 
611122 VC25-20 5021 4PR60A TI25 100TH PE340 4-125A 810 100TH 
61 1123 VC50-20 5022 4-250A VT I27A 100TL 354C 250TL GL810 100TH 
6L1125 VCI2-20 5024 4-250A V1129 30471 3540 25011 WL810 100TH 
6L1136 VC25-20 61.6C21 6C2I PEI30A 3C24 354E 250TH 811 357 
611138 VC50-20 RK6D22 4X500A PE1308 3C24 354E 250TH DR8I I 35T 
2C38 2C39A 7C24 3X2500A3 PE130C 25T 356A 3516 61.811 35T 
2-100A 100R 7C25 3X2500A3 VTI30 25071 357A 450TH NU8I 1 351 
2-250A 2508 BW I I UH50 VTI44 4-I25A 363A 4-250A WL8Il 357 
GL2C39 2C39A HV18 250TL 1501 25011 37IB 250R 812 357 
ML2C39 2C39A TUF20 3C24 TWI 50 250TH 083718 2508 8I2H 357 
3-25A3 25T KU23 250TL I52H 152TH NU3718 2508 DR8I2 357 
315D3 3C24 24 257 1521 152TL Id L381 2C39A 61812 35T 
3-50A4 351 246 3C24 I52RA 2-150D E450TH 450TH NU8I2 357 
3-5004 35TG DR24G 3C24 I 52T 152TL F450 450TH WL8I2 351 
3-5062 UH50 251G 3C24 DR200 25011 WL450 450TH 813 4-I25A 
3-75A2 7511 HY3OZ 257 EE200 250TL GL451 8020/100R 61813 4-I25A 
3-75A3 75TH NU3OZ 25T H F200 25011 454H 250TH Is11.813 4-I25A 
3-100A2 10071 PE35T 357 NU200 250TL 4541 25011 NU813 4-125A 
3-100A3 100TH RK36 10071 T200 25011 WL460 25071 WL8I3 4-I25A 
3-150A2 15211 RK38 100TH VT204 3C24 WL463 250TH 822S 250TH 
3- I 50A3 152TH HY40 35T VT218 100TH W L473 3X2500A3 833 450TH 
3-250A3 25011 HY4OZ 35T VT220 250TH 492R 3X2500F3 833A 450TH 
3-250A4 250TH NU4OT 35T 227A 100TH WL525 304TL DR833A 450TH 
3-300A2 30411 NUOTZ 35T HK253 253 PE530 250TH 61833A 450TH 
3-300A3 304TH 140 357 254 100TH WL535 304TH SA L833A 450TH 
3-30064 527 TR409.4 25OR VT254 304TH ZP572 2C39 WL833A 450TH 
3-450A2 45011 TZ40 351 257 4E27A /5-1258 WL578 8020 /100R 834 UH50 
3-450A4 450TH SOT 10011 2578 4E27A /5-125B 61592 592 /3-200A3 854H 450TH 
3-750A2 75011 HYSIA 75TH PE257B 4E27A /5-1258 GL592 250TH 8541 450TH 
3-1000A4 10001 HY5I B 75TH AT257C 4E27A /5-I25B 7I5A 4PR60A 1000UHF 1000T 
3- I 500A3 1500T HY5IZ 75TH PE257C 4E27A/5-1258 7158 4PR60A 10541 750TL 
3-2000A3 20001 NUSIA 75TH DR300 25071 715C 4PR60A 1623 257 
3C24 257 54 35TG EE300 25071 86174 8020/100R 611623 25T 
3C28 3C24 T55 357 H F300 250TL 8041 45011 NU 1623 25T 
3C34 257 VT62 UH50 N U300 25071 806 25011 H F3000 2000T 
3X100All 2C39A RK63 250TH 3001 450T1 GL806 25071 8000 10011 
4C22 100TH RK65 4-I25A 3048 UH50 WL806 25011 8001 4E27A /5-1258 
4C25 351G 75T 7571 304H 304TH 808 35TG 8005 75TH 
4C32 250TH TW75 75TH 3041 304TL DR808 351G 8020 8020/100R 
4C34 25071 DRIOCITH 100TH 304T 30411 809 25T DR8020 8020/100R 
4D21 4-I25A EEIOOTH 100TH 327A 100TH GL809 251 EE8020 8020/100R 
4D23 4-I25A HFI00 100TH 3278 

s 
100TH NU809 251 618020 8020/100R 



PRICE 

e June 1, 1953 

VACUUM TUBES 

TUBE TYPE 

2-01C 

2-25A 

2-50A 

2-150D 

2-240A 

2-2000A 

2C39A 

3K20,000LA 

3K20,000LF 

3 K20,000LK 

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 

25T 

35T 

35TG 

75TH 

75TL 

100TH 

100TL 

152TH 
152TL 

250R 

250TH 

250TL 

253 

304TH 

304TL 

450TH 

450TL 

592/3-200A3 

750TL 

866A 

872A 

1000T 

1500T 

2000T 

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 
VC6-32 17.25 
VC12-20 16.50 
VC12-32 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 

HEAT DISSIPATING CONNECTORS 

TYPE PRICE 

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

TYPE PRICE 

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

AIR SYSTEM SOCKETS 

TYPE 

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

PRICE 

$16.00 
12.00 
6.00 

22.50 
17.00 
7.50 

18.00 
17.50 

.60 
20.15 
19.70 

*Replacement Chimneys 

PREFORMED CONTACT FINGER STOCK 

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

PRICE 

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

VACUUM PUMP & GAUGE 

TYPE 

HV-1 
Pump Oil - Qt. 
100 IG 

PRICE 

$125.00 
5.00 

22.50 

VACUUM SWITCH 

VS-2 
12V Coil 
24V Coil 

PRICE 

$13.25 
11.75 
12.50 

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



OIL DIFFUSION PUMP 

A glass barrel, triple-jet, air-cooled 
vacuum pump of the oil-diffusion type. 
Ultimate vacuum of 4 x 10-7 mm of 
mercury. Speed without baffle ap-
proximately 67 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 161/2". Ship-
ping weight 18 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 

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 nones glass vacuum 
systems. 

PRICE $22.50 

El MAC NO. 
PART NO RE(;) 

DESCRIPTION EACH 

D-3 2 14-e-oprene 
3" Coupling 

4911 1 Jet Assembly 

D-9 

917 

914 

8911 

D-15 

D-22 

911 

7912 

7913 

D-10 6 

Neoprene Gasket for 
I" Coupling 

Pump Barrel Assembly l 

Manifold> Adaptor 

Forevac Nipple 

I" Insert 

3" Insert 

Baffle Assembly 

3" Flange Assembly* 

I" Flan9e Assembly* 

Springs 

40.001 

1.25 

70.00 I 

1 
20.00 

15.00 I 

.45 ! 

.751 

8.50 I 

25.00 

10.00 

.10 

•Each flange assembly includes necessary flanges, gaskets,s, 
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 enacting 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. 

ALL PRICES SUBJECT TO CHANGE WITHOUT NOTICE Printed in U.S.A. 2-64581 



PRICE 
e January 1, 1955 

1 K015XA 
1K015XG 
2-01C 
2-25A 
2-50A 
2-150D 
2-240A 
2-2000A 
2C39A 
3C24 
3K20.000LA 
3K20,000LF 
3K20,000LK 
3K50,000LA 
3K50,000LF 
3K50,000LK 

3K50,000LQ 

3W5000A3 
3W5000F3 
3W10,000A3 
3X2500A3 
3X2500F3 
_3X3000A1 
3X3000F1 
4-65A 
4-125A 
4-250A 
4-400A 

$ 180.00 
180.00 
15.25 
11.00 
13.75 
19.25  

40.00  ài101€ 
214.50 
24.00' 
12.00 

2,975.00 
2,975.00 
2,975.00 
4,200.00 
4,200.00 
4,200.00 

4,200.00 

198.00 
198.00 
957.00 
198.00 
198.00 
198.00 
198.00 
20.00 
30.25 
41.25 
60.50 

4-1000A 132.00 
4E27A/5-1258 35.75 
4PR60A 90.00 
4W20,000A 1,850.00  
4X150A 41.50 48J1IY 

4X150D 

4X150G 

4X500A 

4X500F 

6C21 

KY21A 

RX21A 

25T 

35T 

35TG 

75TH 

75TL 

100TH 

100TL 

152TH 

152TL 

250R 

250TH 

253 

304TH 

304TL 

450TH 

450TL 

592/3-200A3 

750TL 
866A 
872A 
1000T 
1500T 
2000T 

8020 (100R) 

41.50 $ fflUle 
54.00 

121.00 

93.50 

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 

20.50 

60.50 

60.50 

77.00 

77.00 

30.25 

137.50 
2.45 
8.20 

137.50 
220.00 
275.00 

15.00 

VC6-20 $15.00 
VC6-32 17.25 
VC12-20 16.50 
VC12-32 20.00 
VC25-20 20.00 
VC25-32 23.25 

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

$ 24.25 
27.50 
66.00 

147.50 
284.00 

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

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

4-400A/4000 
4-400A/4001 
4400A/4006* 
4-1000A/4000 
4-1000A/4001 
4-1000A/4006* 
4X150A/4000 
4X150A/4001 
4X150A/4006* 
4X150A/4010 
4X150A/4011 

$16.00 
12.00 
6.00 

22.50 
17.00 
7.50 

18.00 
17.50 

.60 
20.15 
19.70 

*Replacement Chimneys 

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

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

HV-1 
Pump Oil - Qt. 
100 IG 

$125.00 
5.00 

22.50 

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 

ALL PRICES SUBJECT TO CHANGE WITHOUT NOTICE Printed in U.S.A. 6-84845 



APPLICATION BULLETIN 

EITEL-McCULLOUGH, INC.% 

SAN BRUNO. CALIFORNIA 

NUMBER I 

CRYSTAL 

CONTROLLED 

DIATHERMY 

.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 coupled 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 EITEL-McCULLOUGH, 

COPYI1IGHT194.0. SITEI...McCULLoua•N. INC. PRINteco • IN U.S.A.. 



eiee  
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 àutotrans-

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 frequency stability indicate that there is no appreciable change in frequency either from 

varying. load condit,ions 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 6AG7 and 2X in the 6L6, would lower the crystal frequency still further, if desired 

and yet provide ample excitation for the 4-250A. 

TWO 



THE APPLICATION OF CRYSTAL CONTROL TO DIATHERMY 

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. 

FIG. I—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. 

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. 

THREE 
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CIRCUIT DIAGRAM OF THE CRYSTAL CONTROLLED DIATHERMY UNIT 

(Figure 5) 

THE INFORMATION PRESENTED HEREIN IS 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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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. It 
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 abote 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 
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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. 

2. 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. 

3. 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 needs 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 
10%, 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. 



PULSE SERVICE NOTES 

menti. It appears that the available emission for 
pulse work in typical oxide coated cathodes used 
in Eimac tubes can cgriservatively 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. 

>indicates Revision 

MAXIMUM RATINGS FOR PULSED SERVICE 

T be u Type  

MAXIMUM PLATE VOLTAGE 

Max. 
Screen 
Voltage 
Kilovolts 

Grid Factor 
Long 
Pulse 

Operation* 

RF Service 
Plate 
Pulsed 

Kilovolts 

RF Service 
Grid 
Pulsed 

Kilovolts 

Pulse 
Modulator 
Service 
Kilovolts 

2C39A 3.5 .... 
3C24 10 7.5 15 .68 
3X2500A3 15 10 25 .68 
3 X2500F3 15 I 0 25 .68 
3W5000A3 15 10 25 .68 
3W5000F3 15 I 0 25 .68 
4E27A/5-125B 12 9 18 2.0 1.68 
4-65A 10 7.5 15 2.0 .57 
4-125A 12 9 18 2.0 1.87 
4-250A 15 10 20 2.5 2.7 
4-400A 15 10 20 2.5 2.7 

4-1000A 20 15 30 2.5 1.54 
4PR60A 20 1.5 ... 
4X150A 2 3 1.0 
4X150D 2 3 1.0 
4X1506 2 .-.. 3 1.0 
4X500A 10 7.5 15 2.0 .95 
4X500F 10 7.5 15 2.0 .95 

6C2I 20 15 30 . 
I 5E 12.5 10 15 
251 10 7.5 15 .77 
351 10 7.5 15 .84 
35TG 10 7.5 15 .84 

U H-50 5 4 7.5 
7511-1 12 9 I 7 .67 
75TL 12 9 17 _ .. .62 
100TH 15 10 20 1.01 
100TL 15 10 20 I.11 

152TH 12 9 
, 

18 .71 
152TL 12 9 18 .65 
250TH 18 15 25 1.03 
25011 18 15 25 . .89 
304TH 12 9 18 .71 

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 
10001 20 15 30 1.1 
I 5001 20 15 30 1.61 
2000T 20 15 30 .. 1.8 

'Combine with factor taken from curve for various pulse duration times. 
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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 
Pp =Plate dissipation 
n =Plate efficiency expressed as a decimal 
Ebb = D-c plate supply voltage 
Ep. =Peak fundamental plate voltage 
ebm =Minimum instantaneous plate votage 
L, =Average plate current 
I„. =Peak fundamental plate current 
ib... =Maximum instantaneous plate current 
Op =One-half angle of plate current flow 
E,. =D-c grid bias voltage (a negative quantity) 
E..2 ==Dc screen voltage 

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

(Reprinted from the Eimac News Industrial Edition, March 1945) 
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11't 

Eg. =Peak fundamental grid excitation voltage 
e..p =Maximum positive instantaneous grid voltage 
I. =Average grid current 
i.... =Maximum instantaneous grid current 
Pd =Grid driving power (including both grid and 

bias losses) 
Pg =Grid dissipation 

=Amplification factor of triode 
2 =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 Mc. 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: 

P. — 
n 

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 effi-
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,—Po 

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. 
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The complete procedure necessary to determine the 

class-C-amplifier operating conditions is as follows': 

1. Select plate voltage, power output and efficiency. 

2. Determine plate input from 

Po 
Pi = - 

n 

3. Determine plate dissipation from 

Pp = Pi -P0 

P,, must not exceed maximum rated plate dissipation for tube or tubes 
selected. 

4. Determine average plate current from 

Pi 
Ib= 

Ebb 

must not exceed maximum rated plate current for tube selected. 

5. Determine approximate ib... from 

4.5 Ib for n=0.80 
ib... = 4.0 Ib for n =0.75 
ibm° 3.5 Ib for n=0.70 

6. Locate the point on constant-current characteristics 
where the constant plate current line corresponding to 
the approximate ib..., determined in step 5 crosses the 
line of equal plate and grid voltages ("diode line") 
in the case of triodes; or in the case of tetrodes where 
the plate current line turns rapidly upward. 
Read eb.i,, at this point.3 

7. Calculate E, from 

Er m=Ebb-eb nt n 

8. Calculate the ratio »=--from 

Ipte 2n Ebb  
Ib = E, 

I 
9. From the ratio of -pm-T.-calculated in step 8 determine the 

lb 

ratio from Chart 1. 
Ib 

10. Calculate a new value for 6..,, from ratio found in step 9. 

ib.,..= (ratio from step 9) Ib 

11. Read eopp and i...,, from constant current characteristics 
for values of eb.i,, and ib..,, determined in steps 6 and 10. 

12. Calculate the cosine of one-half the angle of plate 
current flow from 

Cos 9,,=2.3 (t -1.57 ) 4 

13. Calculate the grid bias voltage from 

1 1 Eeo - - Cos ei, [Cos Op ( -. -eo..) - bb , for triodes; 
,u u 

E. E 

1 Eel 
E" 1 _ cos op [ COS el, , for tetrodes. 

14. Calculate the peak fundamental grid excitation voltage 
from 

Egm=ecmp-Ece 

E . 
15. Calculate the ratio for values of Eco and E.n, found 

in steps 13 and 14. 

2 In the case of push-pull or parallel amplifier tubes the analysis should be 
carried out on the basis of a single tube, dividing P,, Po and Pp by the 

number of tubes before starting the analysis and multiplying lb, 10, and Pd 

by the same factor after completing the analysis. 

›, Indicates Revision 11-10-49 

16. Read ratio ¡cm« from Chart 2 for ratio - found in 
Eo. 

step 15. 

17. Calculate average grid current frozeratio found in step 
16 and value of found in step 11. 

Io   
ratio from step 16 

18. Calculate approximate grid driving power from 

= 0.9 5 

19. Determine grid dissipation from 

Pg=Pd+ EeeIe 
Pg must not exceed the maximum rated grid dissipation for the tube 

selected. 

Example 

A typical application of this procedure is shown in the 

example below. 

1. Desired power output  1250 watts 
Desired plate voltage  4000 volts 
Desired plate efficiency  75 per cent (n=0.75) 

2. 
1250 

= 1670 watts 

3. Pp = 1670-1250 --- 420 watts 

Try type 450TL; Max. P.= 450W; ii. =18 

1670  
4. lb= 4000 -0.417 ampere 

(Max. Ib for 450TL =0.600 ampere) 

5. Approximate ib...--4.0 x 0.417=1.67 ampere 

6. eb.i.= 315 volts (see figure 2) 

7. Ep. = 4000 - 315 = 3685 volts 

I, 2 x 0.75 x 4000  
8. -1.63 

9. 

Ib 3685 

ibmtx 
=3.45 (from Chart 1) 

Ib 

10. ib...= 3.45 x 0.417=1.44 amperes 

11. e.,,,= 28O volts 

i,...=0.330 amperes 
(see figure 3) 

12. Cos 8=2.32 (1.63 - 1.57) =0.139 

1 / 3685 4000  1 
13. E.,,,= 1-0.139 r°138 18 - 28° ) 18 j 

- 270 volts 

14. E.. =280 - ( - 270) =550 volts 

E.. 550  
15. Eo. -270 - - 2.04 

16. ioÇ=5.69 (from Chart 2) 

0.330 
17. I,- 5.69 =0.058 amperes 

18. Pp =0.9 x 550 x 0.058=28.7 watts 

19. (- 270 x 0.058) =13.0 watts 
(Max P. for 450TL =65 watts) 6 

3 In a few cases the lines of constant plate current will inflect sharply 

upward before reaching the diode line. In these cases ebmin should not 
be read at the diode line but at the point where the plate current line 
intersects a line drawn from the origin through these points of inflection. 



Chart I 

Chart 2 

4 If this calculation gives Cos Op 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). 

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. 

6 "Vacuum Tube Ratings" Eimac News, Industrial Edition, Jan. 1945. 
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Figure 2. 450TL constant-current characteristics showing method of determining ebra „, and Epm in steps 6 and 7 from value of ib obtained in step 5. 
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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 

Figure 1 

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

Figure 2 

Any point on the operating line (when drawn 
on a curve sheet as in Fig. 2 or Fig. 4) tells the in-
stantaneous values of plate current, screen current, 
and grid current which must flow when those par-
ticular values of grid and plate voltage are applied 
to the tube. Thus by reading off the values of the 
currents and plotting them against the time, t, one 
can obtain a curve of instantaneous values of plate 
and grid current. See Fig. 3. 
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If we analyze the plate and grid current values 
shown, we can predict that they will cause a DC 
ammeter to show a particular reading. This is 
called the DC component of the current. Also, we 
can predict that if the plate current flows through 
a properly loaded resonant RF circuit a certain 
amount of radio frequency power will be delivered 
to that circuit. If the circuit is tuned to the fun-
damental frequency (same frequency as the RF 
grid voltage) the power delivered will be due to 
the fundamental (or principle radio frequency) 
component of plate current. If the circuit is tuned 
to a harmonic of the grid voltage frequency (for 
instance, two, or three times the frequency) the 
power delivered will be due to a harmonic compo-
nent of the plate current. 
The Eimac Tube Performance Computor gives us 

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

Use of the Eimac Tube Performance Computor 

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

on the computor. This requires selecting DC plate 
and grid bias voltages, being guided by the typical 
operating values given on the technical data sheet 
for the tube type and by general experience. Next, 
a suitable "Operating Line" must be chosen on the 
constant current curves for the tube type (plotted 
on grid voltage /plate voltage scales). 
The computor when properly placed over this 

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

putations, and the considerations necessary to stay 
within ratings of the tube types, and accomplish 
various forms of modulation have been covered in 
the literature.2,3,4,5,8,7 The method for the case 
of harmonic amplifier service is approximate and 
should be used only for tetrode and pentode tubes, 
where the plate voltage has little effect on the 
amount of plate current flowing. A more exact 
method, showing that for harmonic operation the 
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operating line is a simple Lissajou figure, has been 
described by Brown.B 
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 typital of the 
characteristics to be expected from a particular 
tube type, the calculated performance is well with-
in the values expected when different tubes of a 
given tube type are operated under the assumed 
conditions. 

Example Showing Detailed Use of the 
Eimac Tube Performance Computor 
Radio Frequency Power Amplifier, Class C 

(Telegraphy or FM) 
Let us say we have an Eimac 4-65A tetrode and 

want to make it work effectively. Also let us say 
we have a 2000 volt DC plate power supply avail-
able. 

Within frequency limits, we know a tube should 
be able to run in class-C amplifier service with 
about 75% efficiency, or, in other words, to con-
vert 75% of the DC plate input power into RF 
output power. The difference, or 25% of the in-
put power, is dissipated or lost as heat on the plate 
of the tube. The DC plate input power is then 
about four times the power dissipated on the plate. 
The 4-65A tetrode has a maximum rated plate 

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

Let us now locate the "Operating Line" on the 
constant current curves of the 4-65A. See Fig. 4. 
First mark the point where the DC grid bias and 
DC plate voltage cross. The "Operating Line" must 
go through this point. Call it point No. 1. Next, 
we must decide what the peak value of plate cur-
rent of the tube must be and how low we can let 
the instantaneous valu p 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 1:1,7 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 corn-
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putor on the constant current curve sheet so that 
the "guide lines" of the computor are parallel with 
the operating line. Now slide the computor about 
without turning it until the line OG passes through 
the DC voltage point No. 1 and line OA passes 
through the peak current point No. 2. Make sure 
the guide lines are still parallel to the "Operating 
Line." 

Note that the lines OB, OC, OD, OE and OF of 
the computor all cross over the "Operating Line." 
At each point where the lines OA, OB, etc., cross 

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

current values are to be determined, a mark should 
be made on the constant current curve sheet of the 
tube. By noting where this mark lies with respect 
to the plate current curves, one can estimate the 
value of plate current flowing at this part of the 
cycle. Next, the location of this mark with respect 
to the control grid curves is noted and a value of 
grid current is estimated. Finally, by referring the 
mark to the screen grid curves, if the tube is a tet-
rode or pentode, a value of screen current is noted. 
These current values should be listed for each 
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point where the lines OA, OB, etc., cross the oper-
ating line so that they can be combined later to 
calculate the various tube currents. At points 
where OF and OE cross, the current values are 
often zero. 
Now in the example chosen, let us read off the 

instantaneous plate current values where these 
lines cross the "Operating Line." At the point 
where the line OA crosses the "Operating Line" the 
plate current is 500 ma. Where OB crosses the 
operating line the plate current can be estimated 
as 510 ma since the point is about 1/10 of the way 
from the 500 ma line to the 690 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 
Simplifiiend Instantaneous Values of Currents 
Name  

line Formulas Plate 
OA A 
OB 
OC 
OD D 
OE E 
OF 

Screen Control Grid 
500 Ma 165 Ma 60 Ma 
510 100 50 
460 25 30 
290 5 14 
80 o o 
o o o 

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+C-1-D±E+F) 
Plate Screen Control Grid 

250 Ma 
510 
460 
290 
80 

82 Ma 
100 
25 
5 

30 Ma 
50 
30 
14 

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 B+1.73 C+1.41 Di-EA-0.52 F) 
500 = 500 Ma 

1.93 B =- 1.93x 510 = 985 
1.73 C -7- 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 vpltage 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 = 1/2  peak RF plate current x peak 
RF plate voltage. 
We found the peak RF plate current to be 230 

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

So; Output Power = 1/2  x .230 x 1750 = 201 watts, 
and Input Power = DC Plate Current x DC Plate Voltage 

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

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

DC Input Power 
= 201/264 76% 

Driving Power = DC Grid Current x 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 povyer and the 
power consumed by the bias source is the power 
dissipated on the control grid, or 2.2 — 1.2 = 1.0 
watts. 
The power dissipated on the screen grid is simply 

the product of the DC screen current and the DC 
screen voltage, because the screen grid has no 
impedance between it and the DC screen supply. 
Thus it is .018 x 250 =-_ 4.5 watts. 

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

Voltage 220 Volts 

Driving Power 2.2 Watts 
Grid Dissipation 1.0 Watts 
Screen Dissipation 4.5 Watts 
Plate Power Input 264 Watts 
Plate Power Output 201 Watts 
Plate Dissipation 63 Watts 
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APPLICATION BULLETIN NUMBER 

EIT H, INC. 
UNO, CALIFORNIA 

TUBE 

PERFORMANCE 

COMPUTOR 

TUN PERFORMANCE COMPUTOI 
Per IF Ausselers (Clem 3. C. end Frequency MeMpliers) 

Use wNh eenetant current curves is obtain plate, grid, and scree* current valets; ales 
output and driving power. 

DC Current (meter reading) 1/12 (0.SA+11-1-C+D-FIC-I-P) 
Peak PindaaseeNal RP 1/12 (A+1.93B+1.T3C+1.41D+R+0.52F) 
Peak 2id Ilernsonic RP (Approx.)* 
Peak 3rd Ihwinonic RP (Approx.) 

1/12 (A+1.73B+C-2-1331F) 
1/12 (A+1.41B-1.41D-1X--1.41P) 

Output Power=% Peak RP plate cane« X Pee& RP Plate Voltage 
Driving ?s..—DC Grid Current X Peak PAP Grid Voltage 

*Use only ter Malden or pentodes—Apprenknate Only. 

NISTRUCTIONS 

1. Mark point ot DC plate volt«, and DC Grid Bias. 
2. Murk point ot peak plate current in bow plate voltage 

mime. (This is about tour times DC plate current). 
3. Draw straight line between points selected in No. 1 & 

Is. & l'his is "Operating Line." 
4. Plate empuner en curve sheet with guide lines 

paned to "Operating Lira." Make OG line ot corn-
Pager iv. *MID Mint d 11Wp No. 1. Make OA line 
et esinputer ge three4k point at Step No. 2. 

S. Road cum* where **Operating Line" crosses 
OA. OS. OC. OD, OR ant Or. 

& Put values in terinelle as A, B. C. D. & P. 
Por detailed instructions see Rime Application Bulletin No. 5. 

GUIDE LINES 
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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" 

Application Engineering. 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. 

Field Engineering. 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 itna.c (»woe division. 



4-6511 

El TEL- tvicCULLOUGH, INC. 
SAN BRUNO, CALIFORNIA 

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

Although it is capable of withstanding high plate voltages, the internai 
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 

Voltage - 
Current - - - - 

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

Grid-Plate 
Input 
Output 

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

MECHANICAL 
Base 
Mounting - 
Cooling - 
Recommended Heat Dissipating 
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 - 

Connector 

- 3000 MAX. VOLTS 
- 400 MAX. VOLTS 
- —500 MAX. VOLTS 
- 150 MAX. MA 
- 65 MAX. WATTS 
- 10 MAX. WATTS 
- 5 MAX. WATTS 

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

MAXIMUM RATINGS 

D-C PLATE VOLTAGE - - 2500 MAX. VOLTS 
D-C SCREEN VOLTAGE - - 400 MAX. VOLTS 
D-C GRID VOLTAGE - - —500 MAX. VOLTS 
D-C PLATE CURRENT - - 120 MAX. MA 
PLATE DISSIPATION - - 45 MAX. WATTS 
SCREEN DISSIPATION - - 10 MAX. WATTS 
GRID DISSIPATION - - 5 MAX. WATTS 

6.0 volts 
3.5 amperes 
5 

0.08 f 
8.0 mi.f 
2.1 ,ttp.f 

4000 lmhos 
150 Mc. 

TYPICAL OPERATION 

D-C Plate Voltage - 
D-C Screen Voltage - 
D-C Grid Voltage - 
D-C Plate Current - 
D-C Screen Current* - 
D-C Grid Current* - 
Peak R-F Grid Voltage 
Driving Power* - - 
Screen Dissipation* - 
Plate Power Input - 
Plate Dissipation 
Plate Power Output - 
*Approximate values. 

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, 
100% Modulation - 

Peak R-F Grid Voltage 
Driving Power" - - 
Plate Power Input - 
Plate Dissipation 
Plate Power Output - 
*Approximate values. 

RADIAL-BEAM 

POWER TETRODE 

• 

MODULATOR 

OSCILLATOR 

AMPLIFIER 

Ç National HX-29 Socket 
5-pin—Fits Johnson 122-101 Socket 

Vertical, base down or up 
Convection and Radiation 

Eimac HR-6 

4.38 inches 
2.38 inches 
3 ounces 

1.5 pounds 

600 1000 1500 2000 3000 volts 
250 250 250 250 250 volts 
—75 —80 —85 —90 —100 volts 
150 150 150 140 115 ma 
40 40 40 40 22 ma 
18 17 18 11 10 ma 

170 175 180 190 170 volts 
3.1 3.0 3.2 2.1 1.7 watts 
10 10 10 10 5.5 watts 
90 150 225 280 345 watts 
45 55 60 65 65 watts 
45 95 165 215 280 watts 

- 600 
- 250 
- —120 
- 120 
- 40 

- - 15 
- 10 

- 250 
- 215 
- 3.2 
- 72 
- 27 
- 45 

1000 1500 2000 2500 volts 
250 250 250 250 volts 

—125 —125 —130 —135 volts 
120 120 120 110 ma 
40 40 40 25 ma 
16 16 16 12 ma 
10 10 10 6.3 watts 

250 250 250 250 volts 
220 220 225 215 volts 
3.5 3.5 3.6 2.6 watts 
120 180 240 275 watts 
30 40 45 45 watts 
90 140 195 230 watts 

(Effective 5-14-54) Copyright 1954 by Eitel-McCullough, Inc. JI Indicates change from sheet dated 1-30-53 
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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 and screen currents. Where grid bias is obtained principally by means of a grid 
resistor, to control plate current it is necessary to make the resistor adjustable. 

AUDIO-FREQUENCY POWER AMPLIFIER 
AND MODULATOR 

MAXIMUM RATINGS (PER TUBE) 

D-C PLATE VOLTAGE 

D-C SCREEN VOLTAGE 

MAX-SIGNAL D-C PLATE CURRENT, PER TUBE 

PLATE DISSIPATION, PER TUBE - 

SCREEN DISSIPATION, PER TUBE - 

TYPICAL OPERATION 

Class-ABI (Sinusoidal wave, two tubes 

D-C Plate Voltage   
D-C Screen Voltage   
D-C Grid Voltagel • - 
Zero-Signal D-C Plate Current - 
Max-Signal D-C Plate Current - 
Max-Signal D-C Screen Current' 
Max-Signal D-C Grid Current - 

Effective Plate-to-Plate Load - 
Peak A-F Grid Voltage (per tube) 
Max-Signal Plate Power Input - 
Max-Signal Plate Power Output 

*Approximate value. 

Adjust to stated zero-signal D-C Plate Current. 

The effective grid circuit resistance for each tube must not exceed 

unless otherwise specified) 

1000 
500 

- —100 
- 60 

170 
30 

- - 
- 9000 

85 
170 
80 

1500 
500 

—110 
60 
180 
20 
o 

15,000 
85 

270 
145 

1750 
500 

—115 
40 
170 
23 

20,000 
90 
300 
175 

volts 
volts 
volts 
MO 
1110 
ma 

ohms 
volts 
watts 
watts 

250,000 ohms. 

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 

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

'Adjust to stated Zero-Signal Plate Current. 
**Approximate values. 
""Due to the intermittent nature of voice, average dissipation is 

considerably less than Max-Signal Dissipation. If the amplifier 
is to be tested using a sine-wave signal source, arrangements 
must be made to lower the duty. 

- 3000 MAX. VOLTS 

600 MAX. VOLTS 

150 MAX. MA 

65 MAX. WATTS 

10 MAX. WATTS 

TYPICAL OPERATION 

Class-AB2 (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' 
Effective Plate-to-Plate Load - 

Peak A-F Grid Voltage (per tube) - 
Max-Signal Peak Driving Power* - 
Max-Signal Nominal Driving Power* 

Max-Signal Plate Power Input - 
Max-Signal Plate Power Output - 

600 
250 
—40 

60 
300 
80 

3600 
120 
7.4 
3.7 
180 
90 

1000 
250 
—40 

60 
300 
60 

6800 

105 
6.0 
3.0 
300 
170 

1500 
250 
—45 

60 
250 
40 

14,000 
100 
3.8 
1.9 
375 
250 

*Approximate values. 
• 'Adjust to stated Zero-Signal D-C Plate Current. 

TYPICAL OPERATION 

Class-AB2 (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" 
Max-Signal Peak R-F Grid Voltage 
Max-Signal D-C Grid Current" - 
Max-Signal Driving Power" - - 
Max-Signal Plate Power Input - 
Max-Signal Plate Dissipation••• - 
Average Plate Dissipation - - 
Max-Signal Useful Power Output - 

1800 
250 
—50 

50 
220 
30 

20,000 
90 
2.6 
1.3 
395 
270 

volts 
volts 
volts 
MO 
MO 
ma 
ohms 
volts 
watts 
watts 
watts 
watts 

1500 2000 2500 volts 
300 400 500 volts 
—55 —80 —105 volts 

35 25 20 ma 
200 270 230 ma 
45 65 45 ma 
150 190 165 volts 
15 20 8 ma 
2.3 3.8 1.3 watts 
300 540 575 watts 
105 190 225 watts 
60 65 65 watts 
150 300 325 watts 

IF IT IS 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. 

Page Two Indicates change from sheet dated 1-30-53 
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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 

Filament Voltage—The filament voltage, as measured 

directly at the filament pins, should be between 5.7 volts 

and 6.3 volts. 

Bias Voltage—D-C bias voltage for the 4-65A should not 

exceed -500 volts. If grid-leak bias is used, suitable pro-

tective means must be provided to prevent excessive plate 

or screen dissipation in the event of loss of excitation. 

Grid Dissipation—Grid dissipation for the 4-65A should 

not be allowed to exceed five watts. Grid dissipation may 

be calculated from the following expression: 

Pg ecmplc 
where Pg = Grid dissipation, 

ecmp -= Peak positive grid voltage, and 

lc =D-c grid current. 

eemp 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 3/4" 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," Eimoe 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. 

UOI(131.1.,  
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Class-C AM Telephony—The R-F5 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 

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

640,000  
C(,04) — , approx. 

f2 (Mc.) 

amplifier, both the plate and screen should be modulated. 

Modulation voltage for the screen is easily obtained by 

supplying the screen voltage via a series dropping resistor 

from the unmodulated plate supply, or by the use of an 

audio-frequency reactor in the positive screen-supply 

lead, or from a separate winding on the modulation trans-

former. When screen modulation is obtained by either 

the series-resistor or the audio-reactor methods, the 

audio-frequency variations in screen current which result 

from the variations in plate voltage as the plate is 

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. 

Closs-ABI and Class-AB2 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-ABI and class-AB2 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-AB2 service may be obtained 

from batteries or from a small fixed-bias supply. When a 
bias supply is used, the D-C resistance of the bias source 

should not exceed 250 ohms. Under class-ABI 'conditions 

the effective grid-circuit resistance should not exceed 

250,000 ohms. 

The peak driving power figures given in the class-AB2 

tabulated data are included to make possible an accurate 

determination of the required driver output power. The 
driver amplifier must be capable of supplying the peak 

driving power 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 
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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, 6L6 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 V1 from 
the exciter. The keying circuit controls the plate and 

screen voltages on VI, as well as the screen voltage on 

the 4-65A, all obtained from a common power supply B1. 
This supply should furnish sufficient voltage to the plate 

of V, to obtain the necessary driving power. Normally 

this voltage will be about the correct voltage for the 

screen of the 4-65A and resistor R4 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 221/2 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 R2 serves to supply screen voltage to 

V1 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. R2 
also serves as a means of keeping the screen of the 4-65A 

at ground potential under key-up conditions, stabilizing 

the circuit. R3 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 L1, R, and CI in series 

with and across the relay. In many applications values of 
500 ohms for R, and 0.25 pfd for C, have been found 

entirely satisfactory. Choke LI 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 C2 and C3 will have some 

effect on the required value of L, as well as CI. These 

by-pass condensers should be kept at as small a value of 
capacity as is needed. In most cases .002 Afd 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-

ingly, the current values will all be reduced by an amount 
equal to the 3/2 power of this factor. 

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

Voltage Factor .25 .5 .75 1.0 1.25 1.50 1.75 
Corresponding 
Current Factor .125 .35 .65 1.0 1.4 1.84 2.3 

Voltage Factor 2.0 2.25 2.5 2.75 3.0 
Corresponding 
Current Factor 2.8 3.4 4.0 4.6 5.2 

SINGLE SIDE BAND 
SUPPRESSED CARRIER OPERATION 
The 4-65A may be operated as a class B linear ampli.. 

fier in SSSC operation and peak power outputs of over 
300 watts per tube may be readily obtained. 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 is 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-
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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 ruade, 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. 
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Typical radio-frequency power amplifier circuit, Class-C 
telegraphy, 345 watts input. 

Typical high-level-modulated R-F amplifier, 240 watts plate 
input. Modulator requires zero driving power. 

COMPONENTS FOR TYPICAL CIRCUITS 

i1-C— Tank circuit appropriate for operating frequency; 
Q =12. Capacitor plate spacing =.200". 

L2-C2 — Tank circuit appropriate for operating frequency; 
Q =12. Capacitor plate spacing -=.200". 

L3-C3— Tank circuit appropriate for operating frequency; 
Q=12. Capacitor plate spacing =.375". 

Lpi-Cgi— Tuned circuit appropriate for operating frequency. 
192-C92— Tuned circuit appropriate for operating frequency. 
C1— .002 -,ufd. 500V Mica 
C2— .002 -0d. 5000V Mica 
C3— .001 -µfd. 2500V Mica 
C4— .1 -µfd. 1000V paper 
C5— .1 -0d. 600 V paper 
C6— 16 -µfd. 450V Electrolytic 
C7— 10 -µfd. 100V Electrolytic 
Ri -53,000 ohms 200 watt-60,000 ohm adjustable 
R2-250,000 ohms 1 watt 
R3— 5,000 ohms 5 watt 
R4— 25,000 ohms 2 watts 
R5— 26,500 ohms 200 watts-30,000 ohm adjustable 
R6— 2,500 ohms 5 watts 
R7— 750 ohms 5 watts 
RFC1— 2.5 mhy. 125 ma. R-F choke 
RFC2— 1 mhy. 500 ma. R-F choke 
T1— 150 watt modulation transformer; ratio primary to second-

ary impedance approx. 1:1.1 Pri. impedance 15,000 ohms, 
sec. impedance 16,700 ohms. 

12— 5 watt driver transformer impedance ratio primary to 1 /2 
secondary 1.5:1. 

T3— 300 watt modulation transformer; impedance ratio pri. to 
sec. approx. 2.4:1; Pri. impedance =20,000 ohms, sec. im-
pedance = 8,333 ohms. 

4-65A 
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LP) 
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HT 

RFC, 
000   

0.1k0 

243 12 
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o 

4-65A 

R5 

4- 654 

4-654 
00 0 
V, 7A -65 V F 

'51.V VIAT T5 

0 0 6 V, 7A T 23o v 50 m›.. 85 MA 526 IAA 

Typical high-level-modulated R-F amplifier circuit, with 
modulator and driver stages, 480 watts plate input. 
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4-125A 
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 



4PR60A 

E I TE L-McC UL LO U G H, INC. 
SAN BRUNO, CALIFORNIA 

RADIAL-BEAM 

PULSE TETRODE 

• 

MODULATOR 

AMPLIFIER 

The Eimac 4PR60A is a high-vacuum tetrode intended for pulse-modulator 
service in circuits employing inductive or resistive loads. This tube unilaterally 
replaces the 71 5C and the 5D2 I. 

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 
300 kilowatts with one kilowatt of pulse driving power. 

GENERAL CHARACTERISTICS 
ELECTRICAL 

Cathode: Oxide-coated, Unipotential 
Heater Voltage   26.0 volts 
Heater Current   2.25 amperes 
Minimum Heating Time   3 minutes 

Direct Interelectrode Capacitances (Average) 
Grid-Plate (without shielding) 0.3 itp,f 
Input 43.0 NJ 
Output   9.0 

MECHANICAL 

Minimum Shock Test 
Base 
Mounting Position 
Cooling 

Recommended Heat Dissipating Plate Connector 

Maximum Over-all Dimensions 
Length   
Diameter 

Net Weight   
Shipping Weight   

200g 

Fits E. F. Johnson Co. Socket Number 122-234 or equivalent 
  Any 

Radiation and Convection 

Eimac HR-8 

RATINGS 

MAXIMUM RATINGS—Pulse Modulator Service (Per Tube) 

D-C PLATE VOLTAGE - - 20 MAX. KILOVOLTS 

D-C SCREEN VOLTAGE 1 1.5 MAX. KILOVOLTS 

D-C GRID VOLTAGE2 - - - —1.0 MAX. KILOVOLT 

PEAK POSITIVE GRID VOLTAGE - 300 MAX. VOLTS 

PEAK PLATE CURRENT - - 18 MAX. AMPERES 
PEAK POSITIVE PLATE VOLTAGE - 25 MAX. KILOVOLTS 

PLATE DISSIPATION (AVERAGE) - 60 MAX. WATTS 

SCREEN DISSIPATION (AVERAGE) 8 MAX. WATTS 
SEAL TEMPERATURES - 200 MAX. DEG. C 

DUTY 
For peak plate currents in excess of 5 amperes, the duty shall not 
exceed 0.001, and the product of peak current in amperes and pulse 
duration in microseconds shall not exceed 40. The tube shall not be 
operated for longer than S microseconds in any 100 microsecond 
interval. 
For peak plate current values of less than S amperes, the pulse 
duration-current factor of 40 applies, and the plate dissipation rating 
of 60 watts determines the maximum permissible duty. 

TYPICAL OPERATION  
Pulse Modulator (Per Tube) 

6 inches 
34 inches 
12 ounces 
1.75 pounds 

D-C Plate Voltage - 15.8 20.0 kilovolts 
Pulse Plate Current - 14.0 16.0 amperes 
D-C Screen Voltage - 1.25 1.25 kilovolts 
Pulse Screen Current* 4.0 3.0 amperes 
D-C Grid Voltage - - -600 -600 volts 
Pulse Grid Current* - - 1.1 1.1 amperes 
Pulse Positive Grid Voltage 100 100 volts 
Duty   .001 .001 
Pulse Length - - - 2 2 usec 
Peak Positive Plate Voltage 25 25 kilovolts 
Peak Plate Current - - 16 18 amperes 
Pulse Power Input - 220 320 kilowatts 
Pulse Power Output - 210 305 kilowatts 
Plate Output Voltage - - - 15.0 19.0 kilovolts 
'Screen grid series protective resistance shall be 20,000 ohms, minimum. 

> 'Control grid series resistance shall be 100,000 ohms, maximum. 
*Approximate values. 

(Effective 3-22-54) Copyright 1954 by Eitel-McCullough, Inc. Indicates change from sheet dated 8-15-52. 
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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 200g 
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 
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—100 

4 

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 
4PR60A 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. 

10 12 14 

PLATE VOLTAGE — KILOVOLTS 

EIMAC 4PRSOA 
TYPICAL 

PLATE CUT-OFF 
CHARACTERISTICS 

16 18 

o 
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 sgg000eieee 4PR6OA 

I 8 DIA NOM 

.566 ± .007 DIA.    NOM. 

3 
5- MIN 4 ' 

6 MAX. 

 1 
-4 NOM. 

.016 MIN.--f 

f 

3 
- NOM. 
16 

711 MAX. 

16 MIN. 

3 -I DIA MAX  16 

 7 
16 MIN' 

STRAIGHT SIDE  

15 . I 
32 - 32 

I 
MAX. 8 

.050 ± .007.-

.328 MIN..1 

STRAIGHT SIDE 

CONTROL GRID 

I.788 MIN. 
I .813 MAX. 

.171 MIN. 
.203 MAX. 

SCREEN GRID  

.183 MIN' DIA. 4 PINS 

.191 MAX. 

BOT TOM VIEW 

THE BASE SHALL BE CAPABLE OF  
ENTERING A GAUGE I/4" THICK  

HAVING 4 HOLES WHOSE DIAS ARE. 

.214" AND WHICH ARE LOCATED ON  

II/16" CENTERS AND A CENTER  
HOLE OF .250" DIA.  

±.010 DIA 

.171 MIN. 

.203 MAX. 

L i NOM. 

HEATER - CATHODE  

.687 NOM. 

HEATER  

.687 NOM. DIMENSIONS 
IN INCHES 

*CYLINDRICAL SURFACE AVAILABLE 

FOR CLAMPING MUST NOT BE 
DEFORMED BY ACTION OF CLAMPS 
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EITEL-McCULLOUGH, INC. 
SAN BRUNO, CALIFORNIA 

4X150A 
RADIAL-BEAM 

POWER TETRODE 

These Data apply to type 4X1 SOD 
which is identical fo 4X150A except 
for the heater rating of 26.5 volts 
0.57 a mpere. 

The Eimac 4X150A 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 4X150A operating in a coaxial-cavity amplifier circuit will deliver up to 140 watts of 
useful power output at 500 megacycles. 

The maximum rated plate voltage for the 4X150A is 1250 volts, and the tube is capable of good 
performance with plate voltages as low as 400 volts. Its high ratio of transconductance to capacitance 
and its 150-watt plate dissipation rating make the 4X150A useful for wide-band amplifier applications. 

The use of the Eimac 4X150A Air-System Socket, or a socket providing equivalent air-cooling 
facilitiez, is required. 

GENERAL CHARACTERISTICS 
ELECTRICAL 

Cathode: Oxide Coated, Unipotential 

Minimum Heating Time - 
Cathode-to-Heater Voltage 

Heater: Voltage - 
Current - 

Grid-Screen Amplification Factor (Average) - 

Direct lnterelectrode Capacitances (Average) 
Grid-Plate - - - - - 
Input - 
Output - ----

Transconductance (Eb=500v.. Ec2 = 250v., lb=200 ma)   

Frequency for Maximum Ratings - - 
MECHANICAL 

Base 

Recommended Socket 

Base Connections  Mounting   

Cooling --- - ---
Maximum Over-all Dimensions 

Length - - - - - - - -- 
Diameter - - - 
Seated Height 

Net Weight - - 
Shipping Weight - 

30 seconds 
150 max. volts 

6.0 volts 
2.6 amperes 

5 

0.03 uuf 
15.5 uuf 
4.5 uuf 

12,000 ambos 
- 500 Mc 

9 pin, special 
Eimac 4X150A Air-System Socket 

- - See outline drawing 

Any position 

Forced air 

- 2.47 inches 
- 1.65 inches 

1.91 inches 

5.2 ounce 
1.6 pounds 

Note: Typical operation data are based on conditions of adjusting the r-f grid drive to a specified plate current, maintaining fixed conditions of 

grid bias and screen voltage. If 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 
AMPLIFIER OR OSCILLATOR 
Class-C Telegraphy or FM Telephony 
(Key-down conditions, per tube) 

MAXIMUM RATINGS 

D-C PLATE VOLTAGE 

D-C SCREEN VOLTAGE 

D-C GRID VOLTAGE - 

D-C PLATE CURRENT 

PLATE DISSIPATION - 

SCREEN DISSIPATION 

GRID DISSIPATION - 

- 1250 MAX. VOLTS 

- 300 MAX. VOLTS 

- —250 MAX. VOLTS 

250 MAX. MA 

150 MAX. WATTS 

12 MAX. WATTS 

2 MAX. WATTS 

TYPICAL OPERATION (Frequencies up 
600 
250 
—75 
200 
37 
10 

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

to 165 
750 
250 
—80 
200 
37 
I 0 

Mc., 
1000 
250 
—80 
200 
30 
10 
95 

per tube) 
1250 volts 
250 volts 
—90 volts 
200 ma 
20 ma 
10 ma 

105 volts > Peak R-F Grid Voltage (approx.) - 90 95 



PLATE-MODULATED RADIO-
FREQUENCY AMPLIFIER 
Class-C Telephony (Carrier conditions, per tube) 

MAXIMUM RATINGS 

D-C PLATE VOLTAGE - 1000 MAX. VOLTS 

D-C SCREEN VOLTAGE - 300 MAX. VOLTS 

D-C GRID VOLTAGE —250 MAX. VOLTS 

D-C PLATE CURRENT 200 MAX. MA 

PLATE DISSIPATION - 100 MAX. WATTS 

SCREEN DISSIPATION 12 MAX. WATTS 

GRID DISSIPATION - 2 MAX. WATTS 

TYPICAL OPERATION (Frequencies up to 165 Mc.) 

D-C Plate Voltage - 

D-C Screen Voltage 

D-C Grid Voltage - 

D-C Plate Current - 

D-C Screen Current 

D-C Grid Current - 

Peak A-F Screen Voltage at crest 
of 100% Modulation - - - 

Peak R-F Grid Input Voltage 
(approx.) - - - 

Driving Power (approx.) 

Plate Dissipation - 

Plate Power Input 

Plate Power Output 

400 600 800 1000 volts 

250 250 250 250 volts 

-90 -95 -100 -105 volts 

200 200 200 200 ma 

40 35 25 20 ma 

7 8 10 15 ma 

140 150 160 170 volts 

110 120 120 125 volts 

1 1 1.5 2 watts 

25 40 60 60 watts 

80 120 160 200 watts 

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 
D-C Screen Voltage 
D-C Grid Voltage 

During Sync-Pulse Peak: 

D-C Plate Current 
D-C Screen Current 
D-C Grid Current 
Peak R-F Grid Voltage - 
R-F Driver Power (approx.) 
Useful Power Output   

Black Level: 

D-C Plate Current 
D-C Screen Current 
D-C Grid Current 
Peak R-F Grid Voltage (approx.) 
R-F Driver Power (approx.) - 
Plate Power Input 
Useful Power Output 

750 
300 
-60 

335 
50 
15 
85 
7 

135 

245 
20 
4 
65 

4.25 
185 
75 

1000 
300 
-65 

330 
45 
20 
95 
8 

200 

240 
15 
4 
70 
4.7 
240 
I 10 

1250 
300 
-70 

volts 
volts 
volts 

305 ma 
45 ma 
25 ma 

100 volts 
9 watts 

250 watts 

230 ma 
10 ma 
4 ma 
75 volts 

5.5 watts 
290 watts 
140 watts 

CLASS-AB OR -B POWER 
AMPLIFIER OR MODULATOR 

MAXIMUM RATINGS (Per tube) 

D-C PLATE VOLTAGE - 

D-C SCREEN VOLTAGE - 

D-C PLATE CURRENT - 

PLATE DISSIPATION - - 

SCREEN DISSIPATION - 

GRID DISSIPATION - - 

1250 MAX. VOLTS 

400 MAX. VOLTS 

250 MAX. MA 

150 MAX. WATTS 

12 MAX. WATTS 

2 MAX. WATTS 

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

D-C Plate Voltage - - - 600 
D-C Screen Voltage - - 
D-C Grid Voltage (approx.)• 
Zero-Signal D-C Plate Current 160 
Max-Signal D-C Plate Current 380 
Zero-Signal D-C Screen Current 0 
Max-Signal D-C Screen Current 65 
Effective Load, Plate-to-Plate 3550 
Peak A-F Grid Input Voltage 
(per tube) - - - - 44 volts 

Driving Power - - . 0 watts 
Max-Signal Plate Dissipation 
(per tube) - - - - 

Max-Signal Plate Power Output 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. 

300 
-44 

800 
300 
-47 
120 
380 
0 
65 

4625 

47 
0 

100Q 1250 volts 
300 300 volts 
-47 -48 volts 
120 115 ma 
380 390 ma 
O 0 ma 
60 40 ma 

5850 7200 ohms 

47 48 
0 0 

45 55 70 90 watts 

TYPICAL OPERATION 
Class Al4 (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 
Zero-Signal D-C Screen Current 
Max-Signal D-C Screen Current 
Effective Load, Plate-to-Plate 
Peak A-F Grid Input Voltage 

(per tube) - - . 
Max-Signal Peak Driving Power 
Max-Signal Nominal Driving Power 

(approx.) - - - 
Max-Signal Plate Dissipation 
(per tube) - - - - 

Max-Signal Plate Power Output 

600 800 1000 1250 volts 
300 300 300 300 volts 
-41 -43 -43 -44 volts 
185 160 165 180 ma 
485 490 495 475 ma 
0 0 0 0 ma 
85 75 70 65 m 

2600 3500 4600 5600 ohms 

47 48 49 50 volts 
0.15 0.15 0.15 0.15 watts 

75 75 75 75 mw 

60 75 90 85 watts 
170 240 315 425 watts 

Page Two 

**Adjust grid voltage to obtain specified zero-signal plate current. 
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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 voltages have been removed 
from the tube. 

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

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

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

ELECTRICAL 

Heater—The heater should be operated as close to 6.0 
volts as possible, but it will withstand heater-voltage 
variations as great as 10% without injury. Some varia-
tion in power output must be expected to occur with 
variations of the heater voltage. 

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

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

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

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

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

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

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

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

4X150D 
RADIAL-BEAM 

POWER TETRODE 

The Eimac 4X150D is the 26.5 volt version of the 4XI50A. The 4X150D 
differs from the 4X150A only in the construction of its package-type heater 
which is integral with the cathode. The material in the 4X1 50A 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 4X1 50A, the use of the Eimac 4X1 50A 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. I-70322 



El TEL-Mc C ULLO U GI-I, INC. 
SAN BRUNO, CALIFORNIA 

4X150A /4000 
AND 

4X150AA/4010 
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 4X150A 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 1% " outside diameter, and four 
mounting holes are provided (See Outline Drawings). 

For chassis mounting, a 21/4" diameter hole should be cut into the deck and the socket secured by 
the three toe clamps provided. 

DO NOT DRILL THROUGH THE SOCKET FLANGE. 

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

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

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

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

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

SOCKET IDENTIFICATION 

TYPE NUMBER DESCRIPTION 

4X150A/4000 - 4X150A Air-System Socket with Chimney 

4X150A/4001 - 4X150A Air-System Socket less Chimney 

4X150A/4006 - 4X150A Air-System Chimney Only 

4X150A/4010 4X150A Air-System Socket—Grounded Cathode—with Chimney 

4X150A/4011 4X150A Air-System Socket—Grounded Cathode—less Chimney 

(Effective 6-15-53) Copyright 1953 by Eitel-McCullough, Inc. 



1000000000e..4X150A Socket  

4X150A/4000 
with 4X150A 

.6 MACHINE SCREW 

LENGTH AS REOS 

SCREEN GRID 

CONTACT FINGERS 

CHASSIS 

144 DI A.- 4 HOLES 

9e APART FOR  
CAVITY MOUNTING - 

.6-32 THREAD— 

FOR CONTROL  
GRID CONNECTION  

DIMENSIONS 

IN INCHES  BOTTOM VIEW 

SILVERED MICA  

SCREEN GRID BY-PASS 

CAPACITOR  

a tit 
4X150A/4006 

CONNECTION% 

NO I SCREEN GRID 

• 2 CATHODE  

• 3 HEATER  

" 4 CATHODE  

" 5 NO CONNECTION 

• 6 _CA'-02f  
• 7 HEATER  

• 8 CATHODE  

4X150A/4010 
with 4X150A 

.6 MACHINE SCREW 

LENGTH AS REOS 

5LEEP.1 GRID 

CONTACT FINGERS 

CHASSIS 

.144 DIA.- 4 HOLES 

9e APART FOR  
CAVITY MOUNTING 

. 6-32 THREAD 1 

FOR CONTROL — 

GRID CONNECTION  

DIMENSIONS 
IN INCHES BOTTOM VIEW 

SILVERED MICA  

SCREEN GRID BY-PASS 

CAPACITOR  

CATHODE CONNECTORS 

2,4,6 AND 6 GROUNDED TO SHELL. 

CONNECTION% 

NO I SCREEN GRID 

• 2 CATHODE ( eOUNDF11) 

• 3HEA" 

" 4 CATHODE (GROUNDED) 

• 5 NO CONNECTION 

• 6 CATHODE (GROUNDED) 
• 7.._Lifjam 

• 8 CATHODE(GROUNDED) 

4X150A/4001 4X150A/4011 

Printed in U.S.A. 1-70322 



EITE L-Mc CUL LO U GR INC. 
SAN BRUNO, CALIFORNIA 

4X1506 
RADIAL-BEAM 

POWER TETRODE 

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 amplifier for video applications. 

The cathode, grid and screen electrodes are mounted on conical and cylindrical 
supports giving a minimum of circuit discontinuities 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   

Heater Current - - 
Minimum Heating Time - 

Screen-Grid Amplification Factor (Average) - 

Direct Interelectrode Capacitances (Average) Grounded -Grid 
Feedback (without shielding) . - less than 0.005 

Input 17. 
Output 4.5 

Transconductance (1b=250 ma., Eb=500v., E.---250 V.)   
MECHANICAL 
Cooling ------------

Mounting position ------ - - - - - - 
Maximum Over-all Dimensions 

Length ----------- . 

Diameter ------ - 
Maximum Seated Height - - - 

Net Weight - - - - - 

Shipping Weight (Average) 

2.5 volts 
6.25 amperes 

45 seconds 
-- 5.0 

Grounded Cathode 

- - 0.035 ppfd 

- 27 pidd 

- 4.5 ppfd 
12,000 pmhos 

Forced Air 

Any 

- 23/4 inches 

- 1.635 inches 
1-27/32 inches 

- 6 ounces 
1.6 pounds 

Note: Typical operation data are based on conditions of adjusting the r-f grid drive to a specified plate current, Maintaining fixed conditions of 
grid bias and screen voltage. If will be found that if this procedure is followed, there will be little variation in pm:ver 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 
AMPLIFIER OR OSCILLATOR 
Class-C Telegraphy or FM Telephony 
(Key-down conditions, per tube) 

MAXIMUM RATINGS 

D-C PLATE VOLTAGE - 1250 

D-C SCREEN VOLTAGE - 300 

D-C GRID VOLTAGE - - —250 

D-C PLATE CURRENT 250 

PLATE DISSIPATION - 150 

SCREEN DISSIPATION 12 

GRID DISSIPATION - 2 

MAX. VOLTS 

MAX. VOLTS 

MAX. VOLTS 

MAX. MA 

MAX. WATTS 

MAX. WATTS 

MAX. WATTS 

TYPICAL OPERATION (Frequencies up to 165 
D-C Plate Voltage - - - - 600 750 
D-C Screen Voltage - - 250 250 
D-C Grid Voltage - —75 —80 
D-C Plate Current - - 200 200 
D-C Screen Current - - - 37 37 
D-C Grid Current - - - 10 10 
Peak R-F Grid Voltage (approx.) 90 95 
Driving Power - - - - 

Mc., per tube) 
1000 1250 volts 
250 250 volts 

--80 —90 volts 
200 200 ma 
30 20 ma 
10 10 ma 
95 105 volts 

0.7 0.7 0.7 0.8 watts 
Plate Power Input - - - - 120 150 200 250 watts 
Plate Power Output - • - - 85 110 150 195 watts 
The performance figures for frequencies up to 165 Mc. are 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 
the bias circuit. The driving power and output power do not allow for 
losses in the associated resonant circuits. 
TYPICAL OPERATION (Single tube, 500 Mc., coaxial cavity) 

D-C Plate Voltage - 600 800 1000 1250 volts 
D-C Screen Voltage 250 250 250 250 volts 
D-C Grid Voltage - —80 —80 —80 —80 volts 
D-C Plate Current - 200 200 200 200 ma 
D-C Screen Current 7 7 7 7 ma 
D-C Grid Current - _ IO 10 10 10 ma 
Driver Output Power (approx.) 10 10 10 10 watts 
Power Input -----120 160 200 250 watts 
Useful Power Output - - - 65 90 110 140 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 
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.) 
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PLATE-MODULATED RADIO-
FREQUENCY AMPLIFIER 
Class-C Telephony (Carrier conditions, per tube) 

MAXIMUM RATINGS 

D-C PLATE VOLTAGE - 1000 MAX. VOLTS 

D-C SCREEN VOLTAGE - 300 MAX. VOLTS 

D-C GRID VOLTAGE - —250 MAX. VOLTS 

D-C PLATE CURRENT - 200 MAX. MA 

PLATE DISSIPATION - - 100 MAX. WATTS 

SCREEN DISSIPATION - 12 MAX. WATTS 

GRID DISSIPATION - - 2 MAX. WATTS 

TYPICAL OPERATION (Frequencies up to 165 Mc.) 

D-C Plate Voltage - 400 600 

D-C Screen Voltage 250 250 

D-C Grid Voltage - —90 —95 

D-C Plate Current - 200 200 

D-C Screen Current 40 35 

D-C Grid Current - - 7 8 

Peak A-F Screen Voltage at crest 
of 100% Modulation - - - 140 150 

Peak R-F Grid Input Voltage 
(approx.) - - - 110 120 

Driving Power (approx.) 

Plate Dissipation - - 25 40 

Plate Power Input - - 80 120 

Plate Power Output 55 80 

800 

250 

—100 

200 

25 

10 

1000 volts 

250 volts 

—105 volts 

200 ma 

20 ma 

IS ma 

160 170 volts 

120 125 volts 

1.5 2 watts 

60 60 watts 

160 200 watts 

100 140 watts 

RADIO-FREQUENCY POWER 
AMPLIFIER 
Class-B Linear, Television 

MAXIMUM RATINGS 

D-C PLATE VOLTAGE 

D-C SCREEN VOLTAGE 

D-C GRID VOLTAGE - 

D-C PLATE CURRENT 

(AVERAGE) - - 

PLATE DISSIPATION - 

SCREEN DISSIPATION 

GRID DISSIPATION - 

Visual Service (per tube) 

- 1250 MAX. VOLTS 

- 400 MAX. VOLTS 

- —250 MAX. VOLTS 

250 MAX. MA 

150 MAX. WATTS 

- 12 MAX. WATTS 

2 MAX. WATTS 

PLATE PULSED RADIO FREQUENCY 
AMPLIFIER OR OSCILLATOR 
MAXIMUM RATINGS 
PULSED PLATE VOLTAGE 
PULSED SCREEN VOLTAGE 
D-C GRID VOLTAGE 
MAXIMUM PULSE DURATION 
PULSED CATHODE CURRENT 
AVERAGE POWER INPUT 
PLATE DISSIPATION 
SCREEN DISSIPATION 
GRID DISSIPATION   

7000 MAX. VOLTS 
1500 MAX. VOLTS 

—500 MAX. VOLTS 
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 
D-C Screen Voltage 
D-C Grid Voltage 

During Sync-Pulse Peak: 

D-C Plate Current 
D-C Screen Current 
D-C Grid Current 
Peak R-F Grid Voltage 
R-F Driver Power (approx.) 
Useful Power Output   

Black Level: 

D-C Plate Current 
D-C Screen Current 
D-C Grid Current 
Peak R-F Grid Voltage (approx.) 
R-F Driver Power (approx.) - 
Plate Power Input 
Useful Power Output 

TYPICAL PULSE OPERATION 
Single tube oscillator, I200-Mc. 
Pulsed Plate Voltage - 
Pulsed Plate Current - - 
Pulsed Screen Voltage - 
Pulsed Screen Current - - 
D-C Grid Voltage 
Pulsed Grid Current 
Pulse Duration   
Pulse Repetition Rate 
Peak Power Output   

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-
?ion, 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 

750 
300 
—60 

335 

50 
15 
85 
7 

135 

245 
20 
4 

65 
4.25 
185 
75 

1000 
300 
—65 

330 
45 
20 
95 
8 

200 

240 
15 
4 

70 
4.7 
240 
110 

1250 
300 
—70 

volts 
volts 
volts 

305 ma 
45 ma 
25 ma 

100 volts 
9 watts 

>250 watts 

230 ma 
10 ma 
4 ma 

75 volts 
5.5 watts 
290 watts 
140 watts 

5 7 Kilovolts 
4.0 6.0 Amps. 

800 1000 Volts 
0.3 0.4 Amps. 

200 —250 Volts 
0.5 0.6 Amps. 
4 4 Microseconds 

2500 1250 Per second 
7 17 Kilowatts 

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-
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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 as close to 2.5 
volts as possible, but it will withstand heater-voltage 
variations as great as 10% without injury. Some varia-
tion in power output must be expected to occur with 
variations of the heater voltage. In UHF operation of 
the 4X150G some advantage can be gained by opera-
tion of the heater at reduced voltages to compensate for 
cathode back-heating. Under conditions of operation 
for maximum power output at frequencies between 500 
and 1000 Mc the heater voltage may be reduced to 2.4 
volts. 2.3 volts is usually adequate for similar condi-
tions at frequencies from 1000 to 1500 Mc. 
Grid Dissipation—Grid-circuit driving-power require-
ments increase with increasing frequency because of 
losses other than grid dissipation. This becomes notice-
able at frequencies above 150 megacycles and increases 
until at 500 Mc the required driving power may be as 
much as 15 watts in an ordinary circuit. 

Despite the increased driving power required by the 
circuit as a whole at higher frequencies, the power 
actually dissipated at 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 
unloaded-plate-circuit operation can cause the screen 
current and dissipation to rise to excessive values. Pro-
tection 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 milliam-
meter is advisable. 
Plate Dissipation—The maximum-rated plate dissipa-

DIMENSIONS  
IN INCHES  

* LENGTH AVAILABLE 
FOR CONTACT 

ANODE COOLER 

SCREEN GRID 

DO NOT CONTACT 

THIS SURFACE 

CONTROL GRID  

CATHODE & HEATER 
.093e .005 DIA. 

322 .005 DIA. 

.592 e .005 DIA. 

BOTTOM VIEW  

tion 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 maxi-
mum rating momentarily, as, for instance, during tuning 
procedures. 
UHF Operation—Transit-time effects, which occur at 
ultra-high frequencies in the 4X150G, can be minimized 
by adherence to the operating practices suggested below: 

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

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

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

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

5. Parasitic oscillations are usually associated with 
excessive grid and screen currents and are in-
jurious to vacuum tubes. Similarly, tuned-plate 
circuits which accidentally become simultane-
ously resonant to harmonics and the fundamental 
frequency may also cause low efficiency and re-
sultant tube damage. 

Plate Modulation—Plate modulation can be applied 
to the 4X150G when it is operated as a class-C radio-
frequency amplifier. To obtain 100% modulation, the 
d-c screen voltage must be modulated 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 the screen-voltage, 
screen-current characteristic. 
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 permis-
sible series resistance per tube is 100,000 ohms. 
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TENTATIVE DATA 

4X250B 
E I TE L-Mc C UL LOU GH, INC. 

SAN BRUNO, CALIFORNIA 

The Eimac 4X250B is a compact, oxide-cathode, external-anode power tetrode, unilaterally 
interchangeable with the 4X150A in most applications, and is 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 convection and forced air. 

A single 4X250111 in a coaxial-cavity amplifier circuit will deliver up to 300 watts of useful 
power output at 400 megacycles although this is not the upper frequency limit of the tube. 

Outstanding features of the 4X250B are: I. Simple air-cooling requirements. 2. A maximum 
plate-dissipation rating of 250 watts available for low-efficiency applications. 3. A maximum d-e 
plate voltage rating of 2000 volts at frequencies up to 400 Mc. The high transconductance of the 
4X250B makes the tube useful at relatively low plate voltages. The high retie of transconductance 
to inter-electrode capacitance and the 250-watt plate dissipation make the tube very useful for 
wide-band amplifier applications. 

The use of the Eimac 4X150A Air-System Socket, or a socket providing equivalent air cooling 
characteristics, 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 2.1 amperes 

Grid-Screen Amplification Factor (Average) - 5 
Direct Interelectrode Capacitances (Average) 

Grid-Plate 0.04 ppf 
Input I 8  5 PPf 
Output 4.7 ppf 

Transconductance (Eb=500v., E,2=250v., lb=200 ma)   
Frequency for Maximum Plate Voltage Ratings 

(All other Maximum Ratings applicable to 500 Mc) 

MECHANICAL 
Base 
Recommended Socket 
Base Connections ...........  
Mounting 
Cooling 
Maximum Over-all Dimensions 

Length -----------
Diameter   
Seated Height ---------- - 

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

ANODE  
COOLER 

SCREEN  
GRID  

DO NOT CONTACT 
THIS SURFACE 

EDGES ROUNDED 

1.625e015 DIA 

 .566 +.007 DIA 

si 

00 
e 1> 
es: 0 . >i 

1.406 DIA.MAXr-.1 og rn 
z. ni 

L y  

30,401,1 1 \e [ 0 } t 
z )¡ ° 

.005 DIA. :°1. ii 1 2 i 1 2i DIMENSIONS 14 
IN INCHES  

0. a' 0 Jwee gy' 0  F., 
el. 

-1.425 +.008 DIA. -- 0 
e. e 

RADIAL-BEAM 

POWER TETRODE 

12,000 pmhos 
  400 Mc 

  9 - pin, special 
Eimac 4X150A Air-System Socket 

See outline drawing 
  Any position 
Convection and Forced air 

BOT TOM VIEW 

.043 R. MAX. 

.082+1)04 

- 2.59 inches 
1.65 inches 

- 2.03 inches 
- 4.0 ounces 

I  6 pounds 

PIN NO.1 SCREEN GRID  
FIN NO2 CATHODE  
PIN NO.3 HEATER 

+la PIN NO .4 CATHODE 
PIN NO.5 1.C.r"T en at. 

PIN NO.6 CATHODE 

et 1- PIN NO.7 HEATER  
PIN NO.8 CATHODE  

lis u, 00 PIN NO.9 PIN CONTROL  

8 PINS .050 -005 

(Effective 6-1-55) Copyright 1955 by Eitel-McCullough, Inc. 
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RADIO-FREQUENCY POWER 
AMPLIFIER OR OSCILLATOR 
Class-C Telegraphy or FM Telephony 
(Key-down conditions, per tube) 

MAXIMUM RATINGS 
D-C PLATE VOLTAGE - - 2000 MAX. VOLTS 
D-C SCREEN VOLTAGE - 300 MAX. VOLTS 
D-C GRID VOLTAGE - - —250 MAX. VOLTS 
D-C PLATE CURRENT - 250 MAX. MA 
PLATE DISSIPATION - 250 MAX. WATTS 
SCREEN DISSIPATION 12 MAX. WATTS 
GRID DISSIPATION - 2 MAX. WATTS 

TYPICAL OPERATION (Frequencies up to 175 Mc, per tube) 

D-C Plate Voltage - - 500 1000 1500 2000 volts 

D-C Screen Voltage 

D-C Grid Voltage - 

D-C Plate Current 

D-C Screen Current 

D-C Grid Current - - 

Peak R-F Grid Voltage (approx.) 

Driving Power 

Plate Power Input 

Plate Power Output 

250 250 250 250 volts 

—90 —90 —90 —90 volts 

250 250 250 250 ma 

45 35 30 25 ma 

32 28 28 27 ma 

118 116 116 115 volts 

3.6 3.2 3.2 2.8 watts 

125 250 375 500 watts 

85 195 300 410 watts 

PLATE-MODULATED RADIO-
FREQUENCY AMPLIFIER 

Class-C Telephony (Carrier conditions, per tube) 

MAXIMUM RATINGS 

D-C PLATE VOLTAGE - 1500 MAX. VOLTS 
D-C SCREEN VOLTAGE - 300 MAX. VOLTS 
D-C GRID VOLTAGE - —250 MAX. VOLTS 
D-C PLATE CURRENT - 200 MAX. MA 
PLATE DISSIPATION - - 165 MAX. WATTS 
SCREEN DISSIPATION - 12 MAX. WATTS 
GRID DISSIPATION - - 2 MAX. WATTS 

TYPICAL OPERATION (Frequencies up to 175Mc, per tube) 

D-C Plate Voltage - - - 

D-C Screen Voltage 

D-C Grid Voltage 

D-C Plate Current 

D-C Screen Current 

D-C Grid Current 

Peak R-F Grid Input Voltage 

Driving Power 

Plate Power Input 

Plate Power Output 

500 1000 IWO volts 

250 250 250 volts 

—100 —100 —100 volts 

200 200 200 ma 

45 35 25 ma 

22 19 17 ma 

124 122 121 volts 

2.7 2.3 2.1 watts 

100 200 300 watts 

75 160 250 watts 

CLASS-AB POWER -AMPLIFIER 

OR MODULATOR 

MAXIMUM RATINGS (Per tube) 

D-C PLATE VOLTAGE - 

D-C SCREEN VOLTAGE - 

D-C PLATE CURRENT 

PLATE DISSIPATION 

SCREEN DISSIPATION 

GRID DISSIPATION - 

2000 MAX. VOLTS 

400 MAX. VOLTS 

250 MAX. MA 

250 MAX. WATTS 

12 MAX. WATTS 

2 MAX. WATTS 

TYPICAL OPERATION 
Class-AB, Audio Amplifier (Sinusoidal wave two tubes unless other-
wise noted) 
D-C Plate Voltage 
D-C Screen Voltage 
D-C Grid Voltage (approx.)' 
Zero-Signal D-C Plate Current 
Max-Signal D-C Plate Current - 
Max-Signal , D-C Screen Current - 
Effective Load, Plate-to-Plate - 
Peak A-F Grid Input Voltage (per tube) 
Driving Power - - - - 
Max-Signal Plate Dissipation (per tube) 
Max-Signal Plate Power Output - - 
Third-Harmonic Distortion - - 
'Ad just grid voltage to obtain specified zero-signal plate current 

TYPICAL OPERATION 
Class-AB, R-F Linear Amplifier (Frequencies to 175 Mc, per tube) 

D-C Plate Voltage   1000 1500 2000 
D-C Screen Voltage  350 350 350 
D-C Grid Voltage (approx.)' - —50 —50 —50 
Zero-Signal D-C Plate Current - 100 100 100 
Max-Signal D-C Plate Current - 250 250 250 
Max-Signal D-C Screen Current   25 20 15 
Peak R-F Grid Voltage - - - 50 50 50 
Driving Power o o 
Max-Signal Plate Dissipation - - - 125 

1000 1500 2000 
350 350 350 
—50 —50 —50 
200 200 200 

- 500 500 500 
50 40 30 

- 3260 5760 8260 
- 50 50 50 

- 125 150 175 
- 250 450 650 
- 4.5 4.5 4.5 

o 
150 175 

Max-Signal Plate Power Output - - 125 225 325 
'Adjust grid voltage to obtain specified zero-signal plate current 

volts, 
volts 
volts 
ma 
ma 
rIla 

ohms 
volts 
watts 
watts 
watts 
pct 

volts 
volts 
volts 

rIla 

ma 
ma 
volts 
watts 
watts 
watts 

Note: Typical operation data are based on conditions of adjusting the r-r grid drive to a specified plate current, maintaining fixed conditions of 

grid bias and screen voltage. It will be found that if this procedure is followed, there will be little variation in power output between tubes even 
though there may be some variation in grid and screen currents. Where grid bias is obtained principally by means of a grid resistor, to control 
plate current it is necessary to make the resistor adjustable. 
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APPLICATION 
MECHANICAL 

Mounting—The 4X250B may be mounted in any pos-
ition. Use of the Eimac 4X150A Air-System Socket, or 
its equivalent, is recommended. 

The tube will fit a standard "loktal" socket, but 
the use of such a socket in the usual way prevents ade-
quate air-cooling of the base of the tube. Use of the 
"loktal" socket is not recommended. 

Connections to the terminals of all the electrodes 
except the plate are provided by the Air-System Socket. 
The anode-cooler assembly provides a terminal surface 
for the plate connection. For high-frequency applica-
tions 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 4X250B requires sufficient cooling air 
to prevent the temperature of the metal part of the 
metal-to-glass seals exceeding a maximum of 175°C. 
The temperature of the anode as measured at the base 
of the cooling fins must be maintained below its maxi-
mum of 250°C. 

Under conditions of normal room temperatures and 
installation in the 4X150A Air-System Socket, the 
4X250B requires no forced air during stand-by periods 
where only the heater power is on. Anode cooling air 
may be started and stopped simultaneously with the 
power on the anode. A quantity of 3.8 cubic feet per 
minute is required to cool the tube when operating at 
maximum-rated plate dissipation at 500 Mc. At this 
quantity of air the pressure drop across the cooler and 
the Air-System Socket is equal to approximately 0.25 
inches of water column. At frequencies below 175 Mc 
and at 250 watts plate dissipation the quantity of air 
flow may be reduced to 3.6 cubic feet per minute, at 
which quantity the pressure drop is 0.23 inches of 
water column. 

The air requirements stated above are based on oper-
ation at sea level and an ambient temperature of 20°C. 
Operation at high altitude or at high ambient tempera-
tures requires a greater volume of air flow. The neces-
sary design information for such conditions is contained 
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 "Tempilaq", a temperatwe-sensitive lac-
quer, which melts when a given temperature is reached. 
Where forced-air cooling is employed, very thin applica-
tions of the lacquer must b'ê used. This product is ob-
tainable from the Tempil Corporation, 11 West 25th 
St. New York 10, N. Y. 

ELECTRICAL 
Heater—The heater should be operated as close to 
6.0 volts as possible, but it will withstand heater-volt-
age variations as great as 10% for short durations with-
out injury. Some variations 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 frequency because of circuit losses 
other than grid dissipation. This becomes noticeable 
at frequencies near 100 Mc., and increases until at 500 
Mc. as much as 20-25 watts driving power may be re-
quired in ordinary circuits. 

Despite the increased driving power required by the 
circuit as a whole at higher frequencies, the power ac-
tually dissipated at the tube grid does not increase 
greatly. Satisfactory operation in stable amplifier cir-
cuits is indicated by d-c grid-current values below ap-
proximately 20 milliamperes. 
Screen Dissipation—Bias- or plate-supply failure or 
unloaded-plate-circuit operation can cause the screen 
current and dissipation to rise to excessive values. Pro-
tection for the screen can be provided by an overload 
relay in the screen circuit, in addition to the usual 
plate-circuit overload relay. Use of a screen-current mil-
liammeter is recommended. 
Plate Dissipation—The maximum-rated plate dissipa-
tion is 250 watts. The maximum-rated plate dissipation 
for plate modulated applications is 165 watts under car-
rier conditions, which permits the plate dissipation to 
rise to 250 watts under looq sinusoidal modulation. 

Plate dissipation may be permitted to exceed the 
maximum rating momentarily, as, for instance, during 
tuning. 
UHF Operation—Transit time and other effects, 
which occur at ultra-high-freiquencies in the 4X25013, 
can be reduced to minimum values by compliance with 
the following suggested operating conditions: 

1. Use a minimum value of d-c grid bias voltage. 
2. Apply only enough grid drive to obtain satisfac-

tory plate efficiency. 
3. Operate the screen at reasonably high voltage, 

but do not exceed the screen dissipation rating. 
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 satisfactoiy operation at the new 
output level. 

5. Parasitic oscillations are usually associated with 
excessive grid and screen current and are injur-
ious to vacuum tubes. Similarly, tuned-plate cir-
cuits which accidentally become simultaneously 
resonant to harmonics and the fundamental fre-
quency may also cause low efficiency and dam-
age tubes. 

Plate Modulation—Plate modulation can be applied 
to the 4X250B when it is operated as a class-C radio-
frequency amplifier. To obtain 100% modulation, the 
d-c screen voltage must be modulated 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. 
Special Applications—If it is desired to operate this 
tube under conditions widely different than those 
given here, write to Eitel-McCullough, Inc., San Bruno, 
California, for information and recommendations. 
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TENTATIVE DATA 

4X250F 
El TEL-McCULLOU GI-I, INC. 

SAN BRUNO, CALIFORNIA 

RADIAL-BEAM 

POWER TETRODE 

The Eimac 4X250F is a compact, oxide-cathode, external-anode power tetrode, unilaterally 
interchangeable with the 4X150D in most applications, and is 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 convection and forced air. 

A single 4X250F in a coaxial-cavity amplifier circuit will deliver up to 300 watts of useful 
power output at 400 megacycles although this is not the upper frequency limit of the tube. 

Outstanding features of the 4X250F are: I. Simple air-cooling requirements. 2. A maximum 
plate dissipation rating of 250 watts available for low-efficiency applications. 3. A maximum d-c 
plate voltage rating of 2000 volts at frequencies up to 400 Mc. The high transconductance of the 
4X250F makes the tube useful at relatively low plate voltages. The high ratio of transconductance 
to inter-electrode capacitance and the 250-watt plate dissipation make the tube very useful for 
wide-band amplifier applications. 

The use of an Eimac Air-System Socket or a socket providing equivalent air cooling character-
istics, is required. 

GENERAL CHARACTERISTICS 
ELECTRICAL 

Cathode: Oxide Coated, Unipotential 
Minimum Heating Time - 
Cathode-to-Heater Voltage 

Heater: Voltage - - - 
Current 

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

Grid-Plate 
Input 
Output 

Transconductance (Eb-=-- 500v., Ees= 250v., le=200 ma)   
Frequency for Maximum Plate Voltage Ratings - - - - 

(All other Maximum Ratings applicable to 500 Mc) 

30 
150 
26.5 
0.50 
_ 

0.04 
18.5 
47 

seconds 
max. volts 

volts 
amperes 

5 

uhf 

12,000 pmhos 
- 400 Mc 

MECHANICAL 
Base 
Recommended Socket 
Base Connections 
Mounting 
Cooling 
Maximum Over-all Dimensions 

Length 
Diameter 
Seated Height   

Net Weight   
Shipping Weight 

  9 - pin, special 
  Eimac Air-System Socket 
  See outline drawing 
  Any position 

Convection and Forced air 

SeRSIERN4584 

1625901501A.— 

 .566 + .007 DIA Tr' 

Mar•Diraa ClIA.sam,-.4 

DO 110:9 :err 
'THIS SURF 

EDGES ROUNDED 30%0114, \f!' 

l•—•-260 
.00501A. 

"- L425 ±.008 DIA. -« 

.0
88

 3
.0

20
 
-
 

 f 

DIMENSIONS  
IN INCHES 

BOTTOM VIEW 

.043R. MAX. 

.082+.004 

2.59 inches 
1  65 inches 
2.03 inches 
4.0 ounces 
I - 6 pounds 

PIN NO.1 SCREEN GRID  
PIN NO2 CATHODE  
PIN NO.3 HEATER  

▪ PIN NO4 CATHODE +Is 
PIN NO.5 I.C.,0eN,,g,laeg, 

PIN NO.6 CATHODE 
PIN NO.? HEATER  
PIN NO.8 CATHODE  In ▪ to eQ PIN NO.9 PIN CONTROL 

etc? 4.81Q. 
8 PINS .050 +0" -.pee 

ere-
*oce •tzt 

(Effective 1 1 -1-55) Copyright 1955 by Eitel-McCullough. Inc. 
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RADIO-FREQUENCY POWER 
AMPLIFIER OR OSCILLATOR 
Class-C Telegraphy or FM Telephony 
(Key-down conditions, per tube) 

MAXIMUM RATINGS 
D-C PLATE VOLTAGE - - 2000 MAX. VOLTS 
D-C SCREEN VOLTAGE - 300 MAX. VOLTS 
D-C GRID VOLTAGE - - —250 MAX. VOLTS 
D-C PLATE CURRENT - - 250 MAX. MA 
PLATE DISSIPATION - - 250 MAX. WATTS 
SCREEN DISSIPATION - 12 MAX. WATTS 
GRID DISSIPATION - - 2 MAX. WATTS 

TYPICAL OPERATION (Frequencies up to 175 Mc, per tube) 

D-C Plate Voltage - - 500 1000 1500 2000 volts 

D-C Screen Voltage 

D-C Grid Voltage - 

D-C Plate Current 

D-C Screen Current 

D-C Grid Current - - 

Peak R-F Grid Voltage (approx.) 

Driving Power 

Plate Power Input 

Plate Power Output 

250 250 250 250 volts 

- —90 —90 —90 —90 volts 

250 250 250 250 ma 

45 35 30 25 ma 

32 28 28 27 ma 

118 116 116 115 volts 

3.6 3.2 3.2 2.8 watts 

125 250 375 500 watts 

85 195 300 410 watts 

PLATE-MODULATED RADIO-
FREQUENCY AMPLIFIER 

Class-C Telephony (Carrier conditions, per tube) 

MAXIMUM RATINGS 

D-C PLATE VOLTAGE - 1500 MAX. VOLTS 
D-C SCREEN VOLTAGE - 300 MAX. VOLTS 
D-C GRID VOLTAGE - —250 MAX. VOLTS 
D-C PLATE CURRENT 200 MAX. MA 
PLATE DISSIPATION - 165 MAX. WATTS 
SCREEN DISSIPATION 12 MAX. WATTS 
GRID DISSIPATION - 2 MAX. WATTS 

TYPICAL OPERATION (Frequencies up to I75Mc, per tube) 

D-C Plate Voltage 

D-C Screen Voltage 

D-C Grid Voltage 

D-C Plate Current 

D-C Screen Current 

D-C Grid Current 

Peak R-F Grid Input Voltage 

Driving Power 

Plate Power Input 

Plate Power Output 

500 1000 1500 volts 

250 250 250 volts 

—100 —100 —100 volts 

200 200 200 ma 

45 35 25 ma 

22 19 17 ma 

124 12 121 volts 

2.7 2.3 2.1 watts 

100 200 300 watts 

75 160 250 watts 

CLASS-AB POWER AMPLIFIER 

OR MODULATOR 

MAXIMUM RATINGS (Per tube) 

D-C PLATE VOLTAGE - 2000 MAX. 

D-C SCREEN VOLTAGE - 400 MAX. 

D-C PLATE CURRENT - 250 MAX. 

PLATE DISSIPATION - 250 MAX. 

SCREEN DISSIPATION - 12 MAX. 

GRID DISSIPATION - - 2 MAX. 

VOLTS 

VOLTS 

MA 

WATTS 

WATTS 

WATTS 

TYPICAL OPERATION 
Class-AB, Audio Amplifier (Sinusoidal wave two tubes unless other-
wise noted) 
D-C Plate Voltage   1000 
D-C Screen Voltage  350 
D-C Grid Voltage (approx.) • —50 
Zero-Signal D-C Plate Current - 200 
Max-Signal D-C Plate Current - 500 
Max-Signal D-C Screen Current - - - 50 
Effective Load, Plate-to-Plate - - - 3260 
Peak A-F Grid Input Voltage (per tube) - 50 
Driving Power 
Max-Signal Plate Dissipation (per tube) - 125 
Max-Signal Plate Power Output - - - 250 
Third-Harmonic Distortion - - 4.5 
*Adjust grid voltage to obtain specified zero-signal plate current 

TYPICAL OPERATION 
Class-AB, R-F Linear Amplifier (Frequencies to 175 Mc, per tube) 

D-C Plate Voltage 
D-C Screen Voltage 
D-C Grid Voltage (approx.)• 
Zero-Signal D-C Plate Current 
Max-Signal D-C Plate Current 
Max-Signal D-C Screen Current 
Peak R-F Grid Voltage   
Driving Power 
Max-Signal Plate Dissipation - 125 150 175 
Max-Signal Plate Power Output - - - 125 225 325 
*Adjust grid voltage to obtain specified zero-signal plate current 

1000 1500 2000 
350 350 350 
—50 —50 —50 
100 100 100 
250 250 250 
25 20 15 
50 50 50 
o o 

1500 2000 volts, 
350 350 volts 
—50 —50 volts 
.250000 200 ma 

500 ma 
40 30 ma 

5760 8260 ohms 
50 50 volts 
O 0 watts 

150 175 watts 
450 650 watts 
4.5 4.5 pct 

volts 
volts 
volts 
ma 
ma 
ma 
volts 
watts 
watts 
watts 

Note: Typical operation data are based on conditions of adjusting the r-f grid drive to a specified plate current, maintaining fixed conditions of 

grid bias and screen voltage. It will be found that if this procedure is followed, there will be little variation in power output between tubes even 
though there may be some variation in grid and screen currents. Where grid bias is obtained principally by means of a grid resistor, to control 

plate current it is necessary to make the resistor adjustable. 
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APPLICATION 

MECHANICAL 
Mounting—The 4X250F may be mounted in any pos-
ition. Use of an Eimac Air -System Socket, or its equiv-
alent, is recommended. 

The tube will fit a standard "loktal" socket, but 
the use of such a socket in the usual way prevents ade-
quate air-cooling of the base of the tube. Use of the 
"loktal" socket is not recommended. 

Connections to the terminals of all the electrodes 
except the plate are provided by the Air-System Socket. 
The anode-cooler assembly provides a terminal surface 
for the plate connection. For high-frequency applica-
tions 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 4X250F requires sufficient cooling air 
to prevent the temperature of the metal part of the 
metal-to-glass seals exceeding a maximum of 175°C. 
The temperature of the anode as measured at the base 
of the cooling fins must be maintained below its maxi-
mum of 250°C. 

Under conditions of normal room temperatures and 
installation in the Eimac Air-System Socket, the 
4X250F requires no forced air during stand-by periods 
where only the heater power is on. Anode cooling air 
may be started and stopped simultaneously with the 
power on the anode. A quantity of 3.8 cubic feet per 
minute is required to cool the tube when operating at 
maximum-rated plate dissipation at 500 Mc. At this 
quantity of air the pressure drop across the cooler and 
the Air-System Socket is equal to approximately 0.25 
inches of water column. At frequencies below 175 Mc 
and at 250 watts plate dissipation the quantity of air 
.flow may be reduced to 3.6 cubic feet per minute, at 
which quantity the pressure drop is 0.23 inches of 
water column. 

The air requirements stated above are based on oper-
ation at sea level and an ambient temperature of 20°C. 
Operation at high altitude or at high ambient tempera-
tures requires a greater volume of air flow. The neces-
sary design information for such conditions is contained 
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 "Tempilaq", a temperature-sensitive lac-
quer, which melts when a given temperature is reached. 
Where forced-air cooling is employed, very thin applica-
tions of the lacquer must be used. This product is ob-
tainable from the Tempil Corporation, 11 West 25th 
St. New York 10, N. Y. 

ELECTRICAL 
Heater—The heater should be operated as close to 
26.5 volts as possible, but it will withstand heater-volt-
age variations as great as 10% for short durations with-
out injury. Some variations 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 frequency because of circuit losses 
other than grid dissipation. This becomes noticeable 
at frequencies near 100 Mc., and increases until at 500 
Mc. as much as 20-25 watts driving power may be re-
quired in ordinary circuits. 

Despite the increased driving power required by the 
circuit as a whole at higher frequencies, the power ac-
tually dissipated at the tube grid does not increase 
greatly. Satisfactory operation in stable amplifier cir-
cuits is indicated by d-c grid-current values below ap-
proximately 20 milliamperes. 
Screen Dissipation—Bias- or plate-supply failure or 
unloaded-plate-circuit operation can cause the screen 
current and dissipation to rise to excessive values. Pro-
tection for the screen can be provided by an overload 
relay in the screen circuit, in addition to the usual 
plate-circuit overload relay. Use of a screen-current mil-
liammeter is recommended. 
Plate Dissipation—The maximum-rated plate dissipa-
tion is 250 watts. The maximum-rated plate dissipation 
for plate modulated applications is 165 watts under car-
rier conditions, which permits the plate dissipation to 
rise to 250 watts under 100% sinusoidal modulation. 

Plate dissipation may be permitted to exceed the 
maximum rating momentarily, as, for instance, during 
tuning. 
UHF Operation—Transit tittle and other effects, 
which occur at ultra-high-frequencies in the 4X250F, 
can be reduced to minimum values by compliance with 
the following suggested operating conditions: 

1. Use a minimum value of d-c grid bias voltage. 
2. Apply only enough grid drive to obtain satisfac-

tory plate efficiency. 
3. Operate the screen at reasonably high voltage, 

but do not exceed the screen dissipation rating. 
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 injur-
ious to vacuum tubes. Similarly, tuned-plate cir-
cuits which accidentally become simultaneously 
resonant to harmonics and the fundamental fre-
quency may also cause low efficiency and dam-
age tubes. 

Plate Modulation—Plate modulation can be applied 
to the 4X250F when it is operated as a class-C radio-
frequency amplifier. To obtain 100% modulation, the 
d-c screen voltage must be modulated 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. 
Special Applications—If it is desired to operate this 
tube under conditions widely different than those 
given here, write to Eitel-McCullough, Inc., San Bruno, 
California, for information and recommendations. 
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4X5CICIA 

E I TE L- Mc CULLO U G H, INC. 
SAN BR.UNO, CALIFORNIA 

The Eimac 4X500A is an external-anode tetrode having a maximum plate dissipation rating of 
500 watts. Ifs small size and low-inductance leads permit efficient operation at relatively large outputs 
well into the VI-IF region. The screen grid is mounted on a disc which terminates in a connector ring 
located between grid and plate, thus making possible effective shielding between the grid and 
plate circuits. The grid terminal is located at the center of the glass base to facilitate single-tube 
operation in coaxial circuits. 

The combination of low grid-plate capacitance, low screen-lead inductance and functionally 
located terminais contributes to the stable operation of the 4X500A at high frequencies, making 
neutralization unnecessary in most cases and greatly simplifying it in others. 

GENERAL CHARACTERISTICS 

ELECTRICAL 
Filament: Thoriated Tungsten 

Voltage 
Current 

Screen Grid Amplification Factor (Average)   
Direct Interelectrode Capacitances (Average) 

Grid-Plate 

Input 

Output 
Transconductance (i5=200 ma., eb=-2500 v., E„=500 y.) 
Frequency for Maximum Ratings 

MECHANICAL 
Maximum Overall Dimensions: 

Length 
Diameter   

Net Weight 
Shipping Weight (Average) 
Mounting Position 
Cooling 

At 500 watts plate dissipation, a minimum air-flow of 40 cubic feet per minute must be passed through the anode cooler. The pressure drop 
across the cooler at this rate of flow equals 1.4 inches of water. Forced-air cooling must be provided for the base and screen seals. Normally, 
suitable amounts of air may be obtained from a small centrifugal blower directed at the seals. In no case should the temperature of the metal-
to-glass seals or the core of the anode cooler exceed I50°C. Cooling air specified above must be applied to the seals and the anode cooler 
prior to the application of filament power and continued for three minutes after power is removed from the filament. 

5.0 volts 

13.5 amperes 
6.2 

0  05 p.kuf d 
12.8 ,I.Liufd 
5.6 p.p,fd 

5200 /lm h os 
120 Mc. 

RADIAL-BEAM 
POWER TETRODE 

4.75 inches 
2.625 inches 
1.17 pounds 
6 pounds 

Vertical, base down or up 
Forced Air 

RADIO FREQUENCY POWER AMPLIFIER 
AND OSCILLATOR 

Class-C FM or Telegraphy (Key-down conditions, 1 tube) 
MAXIMUM RATINGS (Frequencies up to 120 Mc.) 

D-C PLATE VOLTAGE - 

D-C SCREEN VOLTAGE 
D-C GRID VOLTAGE - 

D-C PLATE CURRENT - 
PLATE DISSIPATION - 

SCREEN DISSIPATION - 
GRID DISSIPATION - 

4000 MAX. 
500 MAX. 

—500 MAX. 

350 MAX. 
500 MAX. 

30 MAX. 
10 MAX. 

TYPICAL OPERATION (Per tube, at 110 Mc.) 

D-C Plate Voltage 3000 4000 
310 315 

500 500 
24 22 

—150 —150 
16 16 

Driving Power (approx.) - - - 5 5 

Useful Power Output (approx.) - 475 600 835 

D-C Plate Current 

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

D-C Grid Current 

2500 

310 
500 
26 
150 
15 

- 5 

VOLTS 

VOLTS 
VOLTS 
MA. 

WATTS 
WATTS 
WATTS 

Volts 

Ma. 
Volts 
Ma. 
Volts 

Ma. 
Watts 

Watts 

RADIO FREQUENCY POWER AMPLIFIER 
Class-B Linear Amplifier, Television Visual Service 

MAXIMUM RATINGS FOR TV (Frequencies up to 220 Mc.) 

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

TYPICAL OPERATION 

3000 MAX. VOLTS 
350 MAX. MA. 
500 MAX. VOLTS 
500 MAX. WATTS 
30 MAX. WATTS 
10 MAX. WATTS 

(Per tube at peak synchronizing level, 5-Mc, bandwidth, assumed load 
resistance 3,000 ohms per tube.) , 

D-C Plate Voltage 
D-C Screen Voltage   
D-C Grid Voltage 
D-C Plate Current 
D-C Screen Current (approx.) 
D-C Grid Current (approx.)   
Peak R-F Grid Voltage 
Driving Power, 220 Mc. (approx.) 
Plate Power Input 
Power Output   

BLACK LEVEL 
D-C Plate Current 
D-C Screen Current   
D-C Grid Current 
Plate Power Input 
Plate Dissipation 
Power Output   
1 Operating conditions at peak synchronizing level may be permitted fo 
exceed maximum ratings of the tube because of the low duty factor. 
Maximum ratings apply to black level conditions. 

Indicates change from sheet dated 

1850 
500 

—100 
285 
20 
10 

140 
15 

525 
300 

215 
2 
2 

400 
230 
170 

2400 
500 

—100 
400' 
35 
15 

185 
25 

960 
600 

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

300 Ma. 
3 Ma. 
5 Ma. 

720 Watts 
380 Watts 
340 Watts 

(Effective 2-15-51) Copyright 1953 by Eitel-McCullough, Inc. 
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EIMAC 4 X 500A 
CONSTANT CURRENT CHARACTÊRISTICS 

SCREEN VOLTAGE .500 VOLTS 

PLATE CURRENT - AMPERES 
SCREEN GRID CURRENT - AMPERES 
CONTROL GRID CURRENT - AMPERES 

ifi 2.2  

L 

1.4 

1.0 

.200 

.100 

O 

-300  
o 

50 

2.5 

2.0 

LO 

g 0.5 

O 

COO  

ROO 

400  

300  

CO 

500 i000 1500 

20 es 30 35 40 

AM FLOW CUM FEET PER MUTE 

4X500A 
MIME COOLNG REOURENENTS 

1111  
ef, 
I 

45 

2000 2500 

PLATE VOLTAGE — VOLTS 

366 t 007 DIA 

SCREEN GRID 

z MIN. 

R NOM. 

CONTROL GRID 

1.500 ± .010 DIA. 

SCREEN GRID 

DIMENSIONS 
IN INCHES 

3000 3500 4000 4500 

.3I3x.005 DIA. 4 PINS 
BOTTOM VIEW  

45'± 

ANODE COOLER 

1 4. 1 
2 - 16 

4¡-±k 

FILAMENT 

*STRAIGHT SIDE 
AVAILABLE FCIR 
ÇONTACT 

Indicates change from sheet dated II-15-46 Printed in U S. A. 2-J6-71702 



EITEL-Mc 
SAN liRU 0, CALIFORNIA 

The Eimac 4E27A/5-I25B is a power pentode intended for use as a modulator, oscillator or 
amplifier. The driving-power requirement is very low, and neutralization problems are simplified or 
eliminated entirely. The tube has a maximum plate-dissipation rating of 125 watts and a maximum 
plate voltage rating of 4000 volts at frequencies up to 75 Mc. Cooling is by convection and radia-
tion. Type 4E27A/5-I25B unilaterally replaces type 4E27. 

The 4E27A/5-125B in class-C r-f service will deliver up to 375 watts plate power output with 
less than 2 watts driving power. It will deliver up to 75 watts of carrier for suppressor modulation. 

Two 4E27A/5-1256's will deliver up to 300 watts maximum-signal plate power output in class 
AB1 modulator service, 400 watts in class AB2 with less than 1 watt driving power. 

GENERAL CHARACTERISTICS 
ELECTRICAL 

Filament: Thoriated tungsten 
Voltage 5.0 volts 

Current ----- - 7.5 amperes 
Grid-Screen Amplification Factor (Average) - - - 5.0 

Direct Interelectrode Capacitances (Average) 
Grid-Plate 

Input - 

Output   
Transconductance (1b=50ma., E, 2500v., E2 500v. Ec3 = Ov.) 

Highest Frequencies for Maximum Ratings - - 

MECHANICAL 
Base - 

Connections - 
Socket* - ----- - - E. F. 
Mounting Position ----- - - 

Cooling 

Recommended Heat Dissipating Plate Connector   

Maximum Over-All Dimensions: 
Length 

0.08 1pfd 
10.5 iti.pfd 

4.7 µ,p.fd 

2150 p.mhos 

75 Mc. 

7-pin, metal shell 

- - See drawing 

Johnson Co. No. 122-237, or equivalent 

- - Vertical, base down or up 

Convection and radiation 

4E11A/5-115B 
RADIAL-BEAM 

POWER PENTODE 

MODULATOR 

OSCILLATOR 

AMPLIFIER 

Diameter 

Net Weight (Average)   
Shipping Weight   

*See "Cooling" under Application Notes  

Eimac HR-5 

6.19 inches 

2.75 inches 

6.0 ounces 

2.0 pounds 

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

RADIO-FREQUENCY POWER AMPLIFIER 
OR OSCILLATOR 
Class-C Telegraphy or FM Telephony, Frequencies up to 75 Mc. 
(Key-down conditions, per tube) 
MAXIMUM RATINGS 
D-C PLATE VOLTAGE 
D-C SCREEN VOLTAGE 
D-C GRID VOLTAGE 
D-C PLATE CURRENT - 
PLATE DISSIPATION - - 
SUPPRESSOR DISSIPATION 
SCREEN DISSIPATION 
GRID DISSIPATION - 

TYPICAL OPERATION 
60 Suppressor Volts, 500 Screen Volts 
D-C Plate Voltage - - 
D-C Grid Voltage - - 
D-C Plate Current - - 
D-C Suppressor Current* 
D-C Screen Current* - - 
D-C Grid Current • - 
Peak R-F Grid Input Voltage 
Driving Power* - - - 
Grid Dissipation* - - 
Screen Dissipation• 
Plate Dissipation - 
Plate Power Input - 
Plate Power Output 

- 1000 
- -120 

167 
6 
I I 
6 

170 
1.0 
.3 

5.5 
47 
167 
120 

1500 
-130 
200 
5 

200 
1.6 
.6 

5.5 
85 

300 
215 

4000 MAX. VOLTS 
750 MAX. VOLTS 

-500 MAX. VOLTS 
200 MAX. MA 
125 MAX. WATTS 
20 MAX. WATTS 
20 MAX. WATTS 
5 MAX. WATTS 

2000 
-150 
200 
4 
1 I 
e 

222 
1.8 
.6 

5.5 
100 
400 
300 

2500 
-170 

186 
3 
7 
7 

240 
1.7 
.5 

3.5 
115 
465 
350 

3000 volts 
-200 volts 

167 ma 
3 ma 
5 ma 
6 ma 

260 volts 
1.6 watts 
.6 watts 

2.5 watts 
125 watts 
500 watts 
375 watts 

TYPICAL OPERATION 
Zero Suppressor Volts, 500 Screen Volts 
D-C Plate Voltage - 1000 1500 2000 2500 3000 volts 
D-C Grid Voltage - -120 -130 -150 -170 -200 volts 
D-C Plate Current - 145 180 200 184 167 ma 
D-C Screen Current* 17 20 23 18 12 ma 
D-C Grid Current* - 6 8 1 1 9 7 ma 

Peak R-F Grid Input Voltage - 170 200 240 250 270 volts 
Driving Power* - - - - 1.0 1.6 2.6 2.3 1.9 watts 
Grid Dissipation* .3 .6 1.0 .8 .5 watts 

Screen Dissipation* 8.5 10 12 9 6 watts 
Plate Dissipation 55 95 125 125 125 watts 
Plate Power Input - 145 270 400 460 500 watts 
Plate Power Output 90 175 275 335 375 watts 

TYPICAL OPERATION 
Zero Suppressor Volts, 750 Screen Volts 
D-C Plate Voltage - - 1000 1500 2000 2500 3000 volts 
D-C Grid Voltage - - -170 -180 -200 -225 -250 volts 
D-C Plate Current - 160 200 200 186 167 ma 
D-C Screen Current* - - - 21 24 22 12 9 ma 
D-C Grid Current* - 3 6 6 4 3 ma 
Peak R-F Grid Input Voltage - 205 235 257 270 290 volts 
Driving Power* .6 1.4 1.5 1.1 .9 watts 
Grid Dissipation* - - - .1 .4 .3 .2 .2 watts 
Screen Dissipation* 16 18 17 9 7 watts 
Plate Dissipation - - - - 45 85 100 115 125 watts 
Plate Power Input - - 160 300 400 465 SOO watts 
Plate Power Output _ - IIS 215 300 350 375 watts 

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

Supersedes Sheet Dated 12-1-49 
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PLATE-MODULATED RADIO-FREQUENCY 
AMPLIFIER 
Class-C Telephony, Frequencies up to 75 Mc. 
(Carrier conditions, per tube, unless otherwise specified) 

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

3200 MAX. VOLTS 
750 MAX. VOLTS 

—500 MAX. VOLTS 
160 MAX. MA 
85 MAX. WATTS 
20 MAX. WATTS 
20 MAX. WATTS 
5 MAX. WATTS 

TYPICAL OPERATION 
Zero Suppressor Volts, 500 Screen Volts 

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

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

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

149 150 151 152 ma 
20 18 17 16 ma 
7 7 8 8 ma 

350 350 350 350 volts 
260 265 270 275 volts 
2 2 2 2 watts 
0  5 0.5 0.5 0.5 watts 
IO 9 8.5 8 watts 
64 72 80 85 watts 

149 225 300 380 watts 
85 153 220 295 watts 

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

MAXIMUM RATINGS 

D-C PLATE VOLTAGE 

D-C SCREEN VOLTAGE 

D-C GRID VOLTAGE - 

D-C PLATE CURRENT 

PLATE DISSIPATION - 

SUPPRESSOR DISSIPATION 

SCREEN DISSIPATION 

GRID DISSIPATION - 

4000 MAX. VOLTS 

750 MAX. VOLTS 

—500 MAX. VOLTS 

200 MAX. MA 

125 MAX. WATTS 

20 MAX. WATTS 

20 MAX. WATTS 

5 MAX. WATTS 

TYPICAL OPERATION 

D-C Plate Voltage   1500 2000 2500 3000 volts 
D-C Suppressor Voltage - 
Peak A-F Suppressor Voltage 

(100% Modulation) - 
D-C Screen Voltage   

Fixed D-C Screen Voltage 
Screen Dropping Resistor' 
D-C Grid Voltage 
D-C Plate Current 
D-C Screen Current* 
D-C Grid Current* 
Peak R-F Grid Input Voltage 
Driving Power*   
Grid Dissipation* 
Screen Dissipation* 
Plate Dissipation 
Plate Power Input 
Plate Power Output   

'Adjust to stated d-c screen voltage. 

- —220 —260 —305 —350 volts 

220 260 305 350 volts 
400 400 400 400 volts 
610 645 650 610 volts 
5500 9100 10,000 8300 ohms 
—170 —180 —190 —200 volts 

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

230 235 245 250 volts 
1.4 1„3 1.2 1.2 watts 
.35 .25 .25 .20 watts 
15 1 I 10 10 watts 
54 68 87 105 watts 
89 118 148 180 watts 
35 50 61 75 watts 

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

MAXIMUM RATINGS (Per Tube) 

D-C PLATE VOLTAGE 

D-C SCREEN VOLTAGE 

D-C GRID VOLTAGE - 

D-C PLATE CURRENT 

PLATE DISSIPATION - 

SUPPRESSOR DISSIPATION 

SCREEN DISSIPATION - 

GRID DISSIPATION - 

4000 MAX. VOLTS 

750 MAX. VOLTS 

—500 MAX. VOLTS 

200 MAX. MA 

125 MAX. WATTS 

20 MAX. WATTS 

20 MAX. WATTS 

5 MAX. WATTS 

TYPICAL OPERATION (Two tubes unless otherwise specified) 
Class-AB, 

D-C Plate Voltage 1500 2000 2500 volts 
D-C Suppressor Voltage 0 0 0 volts 
D-C Screen Voltage 500 500 500 volts 

D-C Grid Voltage' —70 —80 —85 volts 
Zero-Signal D-C Plate Current 110 85 

60 m 5 n' Max-Signal D-C Plate Current 205 210 22  
Zero-Signal D-C Screen Current* 0 0 0 ma 
Max-Signal D-C Screen Curreiff* 15 13 8 ma 
Effective Plate-to-Plate Load - 13,700 18,000 20,000 ohms 

Peak A-F Grid Voltage (per tube) 70 -80 85 volts 
Max-Signal Driving Power* - - 0 0 0 watts 
Max-Signal Plate Power Input - - 310 420 550 watts 
Max-Signal Plate Power Output - - 200 250 300 watts 
'Adjust to stated zero-signal d-c plate current. The effective grid cir-
cuit resistance for each tube must not exceed 250,000 ohms. 

TYPICAL OPERATION (Two tubes unless otherwise specified) 

Class-AB, 

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

1500 2000 2500 volts 
60 0 0 volts 

500 500 500 volts 
—70 —80 —85 volts 
110 85 65 ma 
365 295 250 ma 
0 0 0 ma 
I I 16 13 ma 

7300 13,000 20,000 ohms 
100 100 95 volts 
0.5 0.3 0.2 watts 
550 590 625 watts 
300 350 400 watts 

IF IT IS DESIRED TO OPERATE THIS TUBE UNDER CONDITIONS WIDELY DIFFERENT FROM THOSE GIVEN UNDER "TYPICAL OPERATION", POSSIBLY 

EXCEEDING THE MAXIMUM RATINGS GIVEN FOR CW SERVICE, WRITE EITEL-McCULLOUGH, INC., FOR INFORMATION AND RECOMMENDATIONS. 
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APPLICATION 
MECHANICAL 

Mounting —The 4E27A/5-I25B must be mounted vertically, base 

down or up. The plate lead should be flexible, and the tube 
must be protected from vibration and shock. 

Cooling —A heat dissipating connector (Eimac HR-5 or equiva-
lent) is required at the plate terminal, and provision must be 
made for the free circulation of air through the socket and 
through the holes in the base. If the E. F Johnson Co. 122-237 
socket recommended under "General Characteristics" is to be 
used, the model incorporating a ventilating hole should be 
specified. 

At high ambient temperatures, at frequencies above 75 Mc., 
or when the flow of air is restricted, it may become necessary 
to provide forced air circulation in sufficient quantity to prevent 
the temperature of the plate and base seals from exceeding 
225°C. Forced movement of air across the tube seals and 
envelope is always beneficial, though not necessarily required. 

Tube temperatures may be measured with the aid of "Tem-
pilaq," a temperature-sensitive lacquer manufactured by the 
Tempil Corporation, 132 West 22nd Street, New York II, N. Y. 

ELECTRICAL 

Filament Voltage—For maximum tube life the filament voltage, 
as measured directly at the base pins, should be the rated 
value of 5.0 volts. Variations should be held within the range of 
4.75 to 5.25 volts. 

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

When grid-leak bias is used, suitable protective means must 
be provided to prevent excessive plate dissipation in the event 
of loss of excitation, and the grid-leak resistor should be made 
adjustable to facilitate maintaining the bias voltage and plate 
current at the desired value from tube to tube. 

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

Screen Dissipation —Decrease or removal of plate load, plate 
voltage or bias voltage may result in screen dissipation in ex-
cess of the 20 watt maximum rating. The tube may be protected 
by an overload relay in the screen circuit set to remove the 
screen voltage when the dissipation exceeds 20 watts. 

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

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

Operation—If reasonable precautions are taken to prevent 

coupling between the input and output circuits, the 4E27A/5-
125B may usually be operated at frequencies up to 75 Mc. 
without neutralization. A conventional method of obtaining the 
necessary shielding between the grid and plate circuits is to 
use a suitable metal chassis with the grid circuit mounted below 
the deck and the plate circuit above. The tube socket should be 
mounted flush with the under side of the chassis deck, and 
spring fingers mounted around the socket opening should make 
contact between the chassis and the metal base shell of the 
tube. Power-supply leads entering the amplifier should be by-
passed to ground and properly shielded. The output circuit and 
antenna feeders should be arranged so as to preclude any 
possibility of feedback to other circuits. 

Feedback at high frequencies may be due to the inductance 

of leads, particularly those of the screen and suppressor-grids. 
By-passing methods and means of placing these grids at r-f 
ground potential are discussed in Application Bulletin Number 
Eight, "The Care and Feeding of Power Tetrodes," available 
from Eitel-McCullough, Inc., for twenty-five cents. Much of the 
material contained in this bulletin may be applied to pentodes. 

TBM 
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El MAC 

8166 
4-1000A 
RADIAL-BEAM 

POWER-TETRODE 
• 

MODULATOR 
OSCILATOR 
AMPLIFIER 

The EIMAC 8166/4-1000A is a radial-beam tetrode with a maximum 

plate dissipation rating of 1000 watts. Intended for use as an amplifier, 
oscillator, or modulator, the 8166/4-1000A is capable of efficient operation 

well into the VHF range. 

In FM broadcast service on 110 Megahertz, two 8166/4-1000A tet-
rodes will deliver a useful output power of over 5000 watts. 

Operating under class AB2 modulator conditions with less than 10 

watts of peak driving power, two of these tubes will deliver 3900 watts of 
output power. 

In class ABi, a pair of 8166/4-1000A tetrodes will deliver 3800 watts 

of output power. 

Cooling of the tube is accomplished by radiation from the plate and by 

circulation of forced-air through the base and around the envelope. Cooling 

can be simplified through the use of the EIMAC SK-500 Air-System Socket. 

GENERAL CHARACTERISTICS 
ELECTRICAL 
Filament: Thoriated tungsten Min. Nom.  

Voltage - 7.5 

Current - 20.0 
Amplification Factor (Grid to Screen) 
Direct Interelectrode Capacitances : t 

Grid-Plate 
Input - 

Output - 
Transconductance (Ib=300 ma) - 

Highest Frequency for Maximum Ratings 

MECHANICAL 
Base 
Basing 
Recommended Socket - 
Operating Position 
Cooling - 
Recommended Heat-Dissipating Connector: 

Plate 
Maximum Over-all Dimensions: 

Length - 

Diameter 
Net Weight (tube only) 
Shipping Weight 

tIn Shielded Fixture 

6.1 

140 

Max.  
volts 

22.7 amperes 

7.7 

0.35 pef 

23.8 32.4 µ,µ1 

6.8 9.4 ecief 

10,000 /..cmhos 

110 MHz 

- 5-pin metal shell 
- - See drawing 

EIMAC SK-500 Air-System Socket 
- - Vertical, base up or down 

Radiation and forced air 

- EIMAC HR-8 

- 9.63 inches 
- 5.25 inches 
- 1.5 pounds 

- 12 pounds 

(Revised 10-30-66) 0 1963, 1966 Varian Printed in U.S.A. 



DC Plate Voltage 
DC Screen Voltage 
DC Grid Voltage   
DC Plate Current   
DC Screen Current 
DC Grid Current   
Screen Dissipation 
Grid Dissipation   
Peak RF Grid Input Voltage (approx ) 
Driving Power (approx.)" - 
Plate Input Power 
Plate Dissipation   
Plate Output Power   

*Apparent driving power requirements increase above 30 MHz. At 110 MHz the 
driver should be capable of supplying 200 watts per tube to take care of feed-
through, circuit losses, and radiation. 

4-1000A 

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

MAXIMUM RATINGS (Key-down conditions, per tube to 110 MHz) 
DC PLATE VOLTAGE 
DC SCREEN VOLTAGE   
DC GRID VOLTAGE   
DC PLATE CURRENT  
PLATE DISSIPATION 
SCREEN DISSIPATION 
GRID DISSIPATION   

6000 VOLTS 
1000 VOLTS 
500 VOLTS 
700 MA 
1000 WATTS 

75 WATTS 
25 WATTS 

TYPICAL OPERATION (Frequencies below 110 MHz, TYPICAL OPERATION (110 MHz, two tubes, push-pull) 
one tube) DC Plate Voltage   4000 5000 6000 volts 

DC Screen Voltage 450 500 500 volts 
DC Grid Voltage   —150 —160 —180 volts 
DC Plate Current   1.15 1.25 1.25 amps 
DC Screen Current 280 240 250 ma 
DC Grid Current   80 80 100 ma 
Screen Dissipation (per tube) 63 60 63 watts 
Driving Power (approx.)   350 400 400 watts 
Plate Input Power   4600 6250 7500 watts 
Plate Dissipation (per tube) 650 850 900 watts 
Useful Output Power   3000 4200 5200 watts 
These 110 MHz typical performance figures were obtained by direct measure-
ment in operating equipment. The output power is useful power measured in a 
load circuit. The driving power is that taken by the tube and a practical reso-
nant circuit. In many cases with further refinement and improved techniques, 
better performance might be obtained. 

3000 4000 5000 6000 volts 
500 500 500 500 volts 

—150 —150 —200 —200 volts 
700 700 700 700 ma 
146 137 147 140 ma 
38 39 45 42 ma 
73 69 73 70 watts 
5 6 7 6 watts 

290 290 355 350 volts 
11 12 16 15 watts 

2100 2800 3500 4200 watts 
670 700 690 800 watts 
1430 2100 2810 3400 watts 

PLATE-MODULATED RADIO-FREQUENCY 
AMPLIFIER 
Class-C Telephony (Carrier Conditions) 

MAXIMUM RATINGS (Per tube to 110 MHz) 

DC PLATE VOLTAGE 
DC SCREEN VOLTAGE 
DC GRID VOLTAGE  
DC PLATE CURRENT 
PLATE DISSIPATION 
SCREEN DISSIPATION 
GRID DISSIPATION   

t5500 Max. volts below 30 MHz. 

- 5000 VOLTSt 
- 1000 VOLTS 
—500 VOLTS 

600 MA 
- 670 WATTS 

25 WATTS 
75 WATTS 

TYPICAL OPERATION (Frequencies below 110MHz, one tube) 
DC Plate Voltage   3000 4000 5000 5500*volts 
DC Screen Voltage   500 500 500 500 volts 
DC Grid Voltage   —200 —200 —200 —200 volts 
DC Plate Current   600 600 600 600 ma 
DC Screen Current 145 132 130 105 ma 
DC Grid Current   36 33 33 28 ma 
Screen Dissipation 72 66 65 52 watts 
Grid Dissipation   5 4 4 3 watts 
Peak AF Screen Voltage 
(100% modulation) - 250 250 .250 250 volts 

Peak RF Grid Input Voltage 340 335 335 325 volts 
Driving Power*"   12 11 11 9 watts 
Plate Input Power  1800 2400 3000 3300 watts 
Plate Dissipation   410 490 560 670 watts 
Plate Output Power   1390 1910 2440 2630 watts 
*5500 volt operation may be used below 30 MHz only. 
**Apparent driving power requirements increase above 30 MHz. At 110 MHz the 

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

AUDIO FREQUENCY POWER AMPLIFIER AND 
Class-AB 
MAXIMUM RATINGS (Per tube) 

DC PLATE VOLTAGE 
DC SCREEN VOLTAGE 

MAX-SIGNAL DC PLATE CURRENT 
PLATE DISSIPATION 

SCREEN DISSIPATION   

MODULATOR 

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

DC Plate Voltage   4000 
DC Screen Voltage  1000 
DC Grid Voltage (approx.)* - - —115 
Zero-Signal DC Plate Current - - 300 
Max-Signal DC Plate Current - - 1.05 
Zero-Signal DC Screen Current 0 
Max-Signal DC Screen Current - - 60 
Effective Load, Plate-to-Plate - - 7000 
Peak AF Grid Input Voltage (per tube) - 115 
Driving Power - - - - - - _ 0 
Max-Signal Plate Dissipation (per tube) - - 930 
Max-Signal Plate Output Power - - - 2340 

5000 6000 volts 
1000 1000 volts 
—125 —135 volts 
240 200 ma 
1.00 0.95 amps 
o 0 ma 

60 64m a 
10,000 14,000 ohms 

125 135 volts 
o 0 watts 

950 930 watts 
3100 3840 watts 

*Adjust to give stated zero-signal plate current. The DC resistance in series 
with the control grid of each tube should not exceed 250,000 ohms. 

6000 VOLTS 
1000 VOLTS 
700 MA 
1000 WATTS 

75 WATTS 

TYPICAL OPERATION Class-AB2 
(Sinusoidal wave, two tubes unless otherwise specified) 
DC Plate Voltage   
DC Screen Voltage 
DC Grid Voltage (approx.)* - —60 —70 —75 volts 
Zero-Signal DC Plate Current - - 300 200 150 ma 
Max-Signal DC Plate Current - _ - 1.20 1.10 .95 amps 
Zero-Signal DC Screen Current - - 0 0 0 ma 
Max-Signal DC Screen Current - - - 95 90 65 ma 
Effective Load, Plate-to-Plate - - - - 7000 11,000 15,000 ohms 
Peak AF Grid Input Voltage (per tube) - 140 145 130 volts 
Max-Signal Peak Driving Power - - - 11.0 11.0 9.4 watts 
Max-Signal Nominal Driving Power 

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

4000 5000 6000 volts 
500 500 500 volts 

Note: Typical operation data are based on conditions of adjusting the rf 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 output power 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, it is necessary to make the resistor adjustable to 
control plate current. 

IF IT IS DESIRED TO OPERATE THIS TUBE UNDER CONDITIONS WIDELY DIFFERENT FROM THOSE GIVEN UNDER "TYPICAL OPERATION," POSSIBLY EXCEEDING 
THE MAXIMUM RATINGS GIVEN FOR CW SERVICE, WRITE EIMAC DIVISION OF VARIAN ASSOCIATES, FOR INFORMATION AND RECOMMENDATIONS 
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MECHANICAL 

Mounting — The 4-1000A must be operated 
vertically. The base may be down or up. The 
recommended socket for this tube is the SK-500 
Air-System Socket. 

Cooling — Adequate forced-air cooling must 
be provided to maintain the base seal tempera-
tures below 150°C and the plate seal tempera-
ture below 200°C. Cooling is simplified by the 
use of the EIMAC SK-500 Air-System Socket, 
and its SK-506 Air Chimney, which control the 
flow of air around the tube. 

When the EIMAC SK-500 Air-System Socket 
is used, the following flow rates apply to sea 
level operation, with an ambient temperature of 
25°C for the operating conditions described: 

At 110 megahertz, with maximum rated plate 
dissipation, an air-flow rate of 35 cfm is re-
quired. The corresponding pressure drop as 
measured in the socket is 1.9 inches of water 
column. 

At frequencies below 30 megahertz, an air-
flow rate of 20 cfm provides adequate cooling. 
The corresponding pressure drop as measured 
in the socket is 0.6 inch of water column. 

In the event that an Air-System Socket and 
Air Chimney are not used, air must be circu-
lated through the base of the tube and over the 
envelope surface and the plate seal in sufficient 
quantities to maintain the temperatures below 
the maximum ratings. Seal-temperature ratings 
may require that cooling air be supplied to the 
tube if the filament is maintained at operating 
temperature during standby periods. 

In any questionable situation, the only criteri-
on for correct cooling practice is temperature. 
A convenient medium for measuring tube tem-
peratures is a temperature-sensitive paint. 

ELECTRICAL 

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

Bias Voltage — The dc bias voltage for the 
4-1000A should not exceed 500 volts. With grid-
leak bias, suitable means must be provided to 
prevent excessive plate or screen dissipation in 

APPLICATION 
the event of loss of excitation. The grid-resistor 
should be made adjustable to facilitate main-
taining the bias voltage and plate current at the 
desired values from tube to tube. In the case of 
operation above 50 megahertz, it is advisabe to 
keep the bias voltage as low as possible. 

4-1000A — 

Screen Voltage — The de screen voltage for 
the 4-1000A should not exceed 1000 volts. The 
screen voltages shown under "Typical Opera-
tion" are representative voltages for the type of 
operation involved. 

Plate Voltage — The plate-supply voltage for 
the 4-1000A should not exceed 6000 volts in 
CW and audio applications. In plate-modulated 
telephony service above 30 megahertz, the dc 
plate-supply voltage should not exceed 5000 
volts; however, below 30 megahertz, 5500-volts 
may be used. 

Grid Dissipation — Grid dissipation for the 
4-1000A should not be allowed to exceed 25 
watts. Grid dissipation may be calculated from 
the following expression: 

Pg=e,,„pI e 
where: Pg=Grid dissipation, 

ecnip=Peak positive grid to cathode 
voltage 

Ir.=.DC grid current. 

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

Screen Dissipation—The power dissipated by 
the screen of the 4-1000A must not exceed 75 
watts. Screen dissipation is likely to rise to ex-
cessive values when the plate voltage, bias volt-
age, or plate load are removed with filament 
and screen voltages applied. Suitable protective 
means must be provided to limit screen dissipa-
tion to 75 watts in event of circuit failure. 

Plate Dissipation — Under normal operating 
conditions, the plate dissipation of the 4-1000A 
should not be allowed to exceed 1000 watts. 

In plate-modulated amplifier applications, the 
maximum allowable carrier-condition plate dis-
sipation is 670 watts. The plate dissipation will 
rise to 1000 watts under 100 per-cent sinusoidal 
modulation. 

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

3 



Neutralization — If reasonable precautions 
are taken to prevent coupling between input and 
output circuits, the 4-1000A may be operated up 
to the 10-megahertz region without neutraliza-
tion. In the region between 10 megahertz and 
30 megahertz, the conventional type of cross-
neutralizing may be used with push-pull cir-
cuits. In single-ended circuits ordinary neutrali-
zation systems may be used which provide 180° 
out of phase voltage to the grid. 

At frequencies above 30 megahertz the feed-
back is principally due to screen-lead-inductance 
effects. Feedback is eliminated by using series 
capacitance in the screen leads between the 
screen and ground. A variable capacitor of from 
25 to 50 µ,µ,fds will provide sufficient capaci-
tance to neutralize each tube in the region of 
100 megahertz. When using this method, the 
two screen terminals on the socket should be 
strapped together by the shortest possible lead. 
The lead from the mid-point of this screen strap 

4-1000A 

to the variable capacitor and from the variable 
capacitor to ground should have as little induc-
tance as possible. 

In general, plate, grid, filament, and screen-
bypass or screen-neutralizing capacitors should 
be returned to rf ground through the shortest 
possible leads. 

In order to take full advantage of the high 
power gain obtainable with the 4-1000A, care 
should be taken to prevent feedback from the 
output to input circuits. A conventional method 
of obtaining the necessary shielding between 
the grid and plate circuits is to use a suitable 
metal chassis with the grid circuit mounted 
below the deck and the plate circuit mounted 
above the deck. Power-supply leads entering the 
amplifier should be bypassed to the ground and 
properly shielded to avoid feedback coupling in 
these leads. The output circuit and antenna 
feeders should be arranged so as to preclude 
any possibility of feedback into other circuits. 

4 



4-1000A 

00 0 

PLATE  

G2 

DIMENSIONS 
IN INCHES 

2 

REF MIN. NOM MAX. 

A 8.875 9.250 9.625 

8 ' 8.000 8.375 8.750 

C 5.250 

D 3.625 

E .313 

F .825 .875 .925 

G 1.110 1.125 1.140 

H 559 566 573 

J 484 

1( 60° 

L 30* 

M 30° 

N 1.495 1.500 1.505 

P .371 .374 377 

BOTTOM VIEW  
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(leek 

El MAC 
Division of Varian 
SAN CARLOS 

CALIFORN IA 

8168  
4CX1000A 
CERAMIC 

POWER TETRODE 

The EIMAC 8168/4CX1000A is a ceramic/metal, forced-air cooled, 
radial-beam tetrode with a rated maximum plate dissipation of 1000 watts. 

It is a low-voltage, high-current tube specifically designed for Class-AB1 
rf linear-amplifier or audio-amplifier applications where its high gain may 

be used to advantage. At its rated maximum plate voltage of 3000 volts, it 

is capable of producing 1630 watts of peak-envelope output power. Two 

8168/4CX1000As operating in Class-A131 will produce 3260 watts of audio 
power. 

GENERAL CHARACTERISTICS1 

ELECTRICAL 

Cathode: Oxide Coated, Unipotential 
Heater: Voltage   6.0 ± 0.3 V 

Current, at 6.0 volts   9.0 A 

Transconductance (Average): 

Ib = 1.0 Adc   37,000 µmhos 
Direct Interelectrode Capacitances (grounded cathode)2 

Input   81 pF 

Output   11.8 pF 

Feedback   0.015 pF 
Direct Interelectrode Capacitances (grounded grid and screen)2 

Input   35.5 pF 
Output   12 pF 

Feedback   0.004 pF 

Frequency of Maximum Rating: 

CW   110 MHz 

1. Characteristics and operating values are based upon performance tests. These figures may change without notice 
as the result of additional data or product refinement. EIMAC Division of Varian should be consulted before 
using this information for final equipment design. 

2. In Shielded Fixture. 

MECHANICAL 

Maximum Overall Dimensions: 

Length   4.80 in; 122 mm 

Diameter   3.37 in;85.5 mm 

Net Weight   27 oz; 768 gm 

Operating Position   Any 

(Revised 5-1-70) © 1963, 1966, 1967 Varian Printed in U.S.A. 



4CX1000A 

Maximum Operating Temperature: 

Ceramic/Metal Seals    250° C 

Anode Core     .250° C 

Cooling     Forced Air 
Base   Special, breechblock terminal surfaces 

Recommended Socket     EIMAC SK-800 Series 

Recommended Chimney   EIMAC SK-806 Series 

RADIO FREQUENCY LINEAR AMPLIFIER 

GRID DRIVEN 

Class AB1 

MAXIMUM RATINGS: 

DC PLATE VOLTAGE  3000 VOLTS 
DC SCREEN VOLTAGE  400 VOLTS 
DC PLATE CURRENT   1.0 AMPERE 
PLATE DISSIPATION   1000 WATTS 
SCREEN DISSIPATION   12 WATTS 
GRID DISSIPATION   0 WATT 

1. Adjust to specified zero-signal dc plate current. 

2. Approximate value. 

TYPICAL OPERATION (Frequencies to 30 MHz) 
Class AB1 Grid Driven, Peak Envelope or Modulation 
Crest Conditions 

Plate Voltage   2000 2500 3000 Vdc 
Screen Voltage   325 325 325 Vdc 
Grid Voltage   -60 -60 -60 Vdc 
Zero-Signal Plate Current . . • 250 250 250 mAdc 
Single Tone Plate Current . . • 890 885 875 mAdc 
Two-Tone Plate Current .. . • 645 650 635 mAdc 
Zero-Signal Screen Current . • 8 6 5 mAdc 
Single-Tone Screen Current2. • 35 35 35 mAdc 
Two-Tone Screen Current2 • • 10 8 8 mAdc 
Plate Output Power   930 1300 1630 W 

AUDIO FREQUENCY POWER AMPLIFIER OR 
MODULATOR 
Class AB1, Grid Driven(Sinusoidal Wave) 

MAXIMUM RATINGS (Per Tube) 

DC PLATE VOLTAGE   3000 VOLTS 
DC SCREEN VOLTAGE  400 VOLTS 
DC PLATE CURRENT   1.0 AMPERE 
PLATE DISSIPATION   1000 WATTS 
SCREEN DISSIPATION   12 WATTS 
GRID DISSIPATION   0 WATT 

TYPICAL OPERATION (Two Tubes) 

Plate Voltage   2000 2500 3000 Vdc 
Screen Voltage   325 325 325 Vd.:,• 
Grid Voltage 1,2   -60 -60 -60 Vdc 
Zero-Signal Plate Current . • 500 500 500 mAdc 
Max Signal Plate Current . • 1.78 1.77 1.75 Adc 
Zero-Signal Screen Currentl. • 16 12 10 mAdc 
Max Signai Screen Currentl.   70 70 70 mAdc 
Plate Output Power  1860 2600 3260 W 
Load Resistance 
(plate to plate)   2040 2850 3860 9 

1. Approximate value. 
2. Adjust to give stated zero-signal plate current. 

NOTE: TYPICAL OPERATION data are obtained by calculation from published characteristic curves. Adjustment of the 
rf grid voltage to obtain the specified plate current at the specified bias, screen and plate voltages is as-
sumed. If this procedure is followed, there will be little variation in output power when the tube is changed, 
even though there may be some variation in grid and screen current. The grid and screen currents which result 

when the desired plate current is obtained are incidental and vary from tube to tube. These current variations 
cause no difficulty so long as the circuit maintains the correct voltage in the presence of the variations in 
current. When grid drive is applied, the screen voltage required to obtain the specified value of plate current 
without drawing grid current may vary somewhat from the typical values shown. 

2. 



RANGE VALUES FOR EQUIPMENT DESIGN 

4CX1000A 

Heater: Current at 6.0 volts   
Cathode Warmup Time .   
Interelectrode Capacitancesi (grounded cathode connection) 

Input   

Output   

Feedback   

1. In shielded fixture 

APPLICATION 

MECHANICAL 

COOLING - Sufficient cooling must be provided 

for the anode and ceramic/metal seals to main-
tain operating temperatures below the rated 
maximum values: 

Ceramic/Metal Seals 250°C 

Anode Core 250° C 

A flow rate of 25 cubic feet per minute will 
be adequate for operation at maximum rated plate 

dissipation at sea level and with inlet air tem-
peratures up to 40°C. Under these conditions, 

25 cfm of air flow corresponde to a pressure 
difference across the tube and socket of 0.2 
inch of water column. Experience has shown that 
if reliable long-life operation is to be obtained, 

the cooling air flow must be maintained during 
standby periods when only the heater voltage is 
applied to the tube. 

At higher altitudes and at VHF increased air 
flow will be required. For example, at an alti-

tube of 10,000 feet, a flow rate of 37 cfm will 
be required and will be obtained with a pressure 

drop across tube and socket of 0.3 inch of water 

column. In selecting a blower for use at high 

altitudes, care must be taken to assure that the 
blower is designed to deliver the desired vol-

ume of air at the corresponding pressure drop 
and at the particular altitude. 

In cases where there is any doubt regarding 

the adequacy of the supplied cooling, it should 
be borne in mind that operating temperature is 
the sole criterion of cooling effectiveness. Sur-

face temperatures may be easily and effectively 
measured by using one of the several tempera-
ture-sensitive paints or sticks available from 
various chemical or scientific-equipment suppli-

Min. 
8.1 
3 

Max. 
9.9 A 
--- min. 

75 88 pF 

10.8 12.8 pF 

--- 0.022 pF 

ers. When these materials are used, extremely 
thin applications must be made to avoid inter-
ference with the transfer of heat from the tube 
to the air stream, which would cause inaccurate 
indications. 

The 4CX1000A is tested for vibration (noise) 

from 10 Hz to 500 Hz. Vibration level is 10 G 

units peak 28 Hz to 500 Hi. Below 28 Hz vibra-
tion double amplitude is .25 inch. 

The 4CX1000A is tested for shock, 50 G, 11 

ms, three axes, after which the tube must be 

within specification for grid bias voltage and 
gas current. 

ELECTRICAL 

HEATER - The rated heater voltage for the 
4CX1000A is 6.0 volts. The voltage, as measured 
at the socket, should be maintained at this value 

to minimize variations in operation and to ob-

tain maximum tube life. In no case should the 
voltage be allowed to exceed 5% above the rated 
value. 

The cathode and one side of the heater are 
internally connected. 

It is recommended that the heater voltage be 
applied for a period of not less than 3 minutes 
before other operating voltages are applied. 

From an initial cold condition, tube operation 
will stabilize after a period of approximately 5 
minutes. 

GRID OPERATION - The grid dissipation 
rating of the 4CX1000A is zero watts. The 

design features which make the tube capable 

3. 



of maximum power operation without driving the 
grid into the positive region also make it nec-
essary to avoid positive-grid operation. 

Although the average grid-current rating is 
zero, peak grid currents of less than five-milli-

amperes as read on a five-milliampere meter 
may be permitted to flow for peak-signal moni-
toring purposes. 

SCREEN OPERATION - Te tr ode tubes may 
exhibit reversed screen current to a greater or 
lesser degree depending on individual tube de-
sign. This characteristic is prominent in the 
4CX1000A and, under some operating condi-
tions, indicated negative screen currents in the 

order of 25 milliamperes may be encountered. 
The maximum rated power dissipation for 

the screen grid in the 4CX1000A is 12 watts and 

the screen power should be kept below this level. 
The product of the peak screen voltage and the 

indicated dc screen current approximates the 
screen input power except when the screen cur-

rent indication is near zero or negative. In the 

usual tetrode amplifier, where no signal volt-
age appears between cathode and screen, the 

peak screen voltage is equal to the dc screen 

voltage. Experience has shown that the screen 
will operate within the limits established for 
this tube if the indicated screen current, plate 

voltage and drive voltage approximate the "Typi-
cal Operation" values. 

The screen supply voltage must be main-
tained constant for any values of negative and 

positive screen currents that may be encoun-

4CX1000A 

tered. Dangerously high plate currents may flow 
if the screen power supply exhibits a rising 

voltage characteristic with negative screen cur-
rent. Stabilization may be accomplished in sev-

eral different ways. A bleeder resistor may be 
connected from screen to cathode; a combin-

ation of VR tubes may be connected from screen 
to cathode; or an electron-tube regulator cir-
cuit may be used in the screen supply. It is abso-
lutely essential to use a bleeder if a series elec-
tron-tube regulator is employed. The screen 
bleeder current should approximate 70 milliam-

peres to adequately stabilize the screen voltage. 
It should be observed that this bleeder power 

may be usefully employed to energize low-power 
stages of the transmitter. 

PLATE OPERATION - The maximum rated plate 
dissipation power is 1000 watts. Except for 

brief periods during circuit adjustments, this 

maximum value should not be exceeded. 
The top cap on the anode cooler may be used 

as a plate terminal at low frequencies or a cir-
cular clamp or spring-finger collet encircling the 
cylindrical outer surface of the anode cooler 

may be used at high frequencies. 

SPECIAL APPLICATIONS - If it is desired to 
operate this tube under conditions different from 

those given here, write to the Power Grid Tube 
Marketing Department, EIMAC Division of Varian, 
San Carlos, California 94070, for information 
and recommendations. 

4. 



4CX 1 000A 

SCREEN 

CONTROL 

HEATER a 
CATHODE  

HEATER  

DIMENSIONAL DATA 

DIM . 
INCH ES MILLIMETERS 

MIN. MAX. MIN. MAX. 

A 3.335 3.365 84.71 85.47 

B 0.807 0.817 20.50 20.75 

C 1.870 1.900 47.50 48.26 

D 2.250D 2.300D 5715D 58.42D 

E 2.195 2.380 55.75 60.45 

F 3.410 3.550 86.61 90.17 

G 4.600 4.800 116.84 121.92 

H 0.965 0.988 24.51 25.10 

J 0.690 0.710 17.53 18.03 

K 0.415 0.435 10.54 11.05 

L 0.140 0.165 3.56 4.19 

M 0.020 0.030 0.51 0.76 

N 0.700 0.800 17.78 20.32 

P 0.3140 0.326D 7.98D 8.28D 

R 55° 65° 55* 65° 

S 115. 125° 115° 125° 

T 0.470 0.530 11.94 13.46 

U 0.025 0.048 0.63 1.22 

V 0.045D 0.070D 1.14 1.78 

 CONTACT AREA 

DO NOT CONTACT 

THIS AREA  

VENT HOLE LOCATIONS  
NOT CRITICAL  
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4CX1500B 
RADIAL BEAM 

POWER TETRODE 

MEG DESIGNATION 

8660 

The EIMAC 4CX1500B is ceramic and metal, forced-air cooled, radial 
beam tetrode with a rated maximum plate dissipation of 1500 watts. It is a 
low-voltage, high-current tube specifically designed for exceptionally low 
intermodulation distortion and low grid interception. The low distortion 
characteristics make the 4CX1500B especially suitable for radio-frequency 
and audio-frequency linear amplifier service. 

GENERAL CHARACTERISTICS 
ELECTRICAL 

Cathode: Oxide Coated, Unipotential Min. Nom. Max. 
Heating Time 

Heater: Voltage - 6.0 
re/ Current - - 9.0 7 

,Transconductance : 
(I0.5 amperes, E, 2=225 volts) 30,000 

Direct Interelectrode Capacitances, Grounded Cathode:* 
Input - - 
Output - 
Feedback - 

Direct Interelectrode Capacitances, Grounded Grid and Screen:* 
Input - 
Output - 
Feedback 

• ln Shielded Fixture 

MECHANICAL 
Base 
Maximum Operating Temperatures: 

Ceramic-to-Metal Seals - 
Anode Core - - 

Recommended Socket - 
Operating Position - - - 
Maximum Over-All Dimensions: 

Height - - - - - 
Diameter 

Net Weight - - 
Shipping Weight (Approximate) 

- 3 min 
V 

11.0 A 

umhos 

75 
10.8 

Nom. Max.  
88 
12.8 
.03 

38 
12 

0.005 

pF 
pF 
pF 

pF 
pF 
pF 

- Special, breechblock terminal surfaces 

- 250°C 
- 250°C 

EIMAC SK-800 Series 
- Any 

- 4.8 
- 3.37 
- 27 

3 

in 
in 
oz 
lbs 

RADIO-FREQUENCY LINEAR AMPLIFIER 
Class AB 

MAXIMUM RATINGS 

DC PLATE VOLTAGE 3000 VOLTS 
DC SCREEN VOLTAGE 400 VOLTS 
DC PLATE CURRENT .900 AMP 
PLATE DISSIPATION 1500 WATTS - 

o SCREEN DISSIPATION 12 WATTS 
CONTROL GRID 

DISSIPATION 1 WATT 

*Adjust to the specified Zero-Signal Plate Current. 
**The driving power specified includes the power dissipated in a 1000 
ohm swamping resistor between the control grid and the cathode. 

***The intermodulation distortion products will be as specified or better 
for all levels from zero-signal to maximum output power and are refer-
enced against one tone of a two equal tone signal. 

- 

TYPICAL OPERATION (Frequencies below 30 MHz) 

Class AB, Grid Driven, Peak Envelope or 
Modulation Crest Conditions 

DC Plate Voltage - 
DC Screen Voltage - 
DC Grid Voltage* - - - 
Zero-Signal DC Plate Current - 
Single-Tone DC Plate Current - 
Two-Tone DC Plate Current - 
Single-Tone DC Grid Current - 
Two-Tone DC Grid Current - 
Single-Tone DC Screen Current 
Two-Tone DC Screen Current 
Peak RF Grid Voltage - 
Driving Power** - - 
Useful Output Power - 
Resonant Load Impedance 
intermodulation Distortion 

Products***  3rd order 
5th order —47 

2500 
225 
—34 
300 
720 
530 
1.3 
0 06 

7 
 11 

46 
1.5 
900 
1900 

2750 
225 
-34 
300 
755 
555 
0.95 
0.20 
 14 

11 
45 
1.5 

1100 
1900 

2900 
225 
—34 
300 
710 
542 
0.53 
0.06 
—15 

11 
41 
1.5 

1100 
2200 

38  40 —43 
—47 48 

Volts 
Volts 
Volts 
mA 
mA 
mA 
mA 
mA 
mA 
mA 
Volts 
Watts 
Watts 
Ohms 

dB 
dB 

(Revised 6-1-67) © 1966, 1967, 1968 by Varian Printed in U.S.A. 



4CX1500B 

AUDIO AMPLIFIER OR MODULATOR 
Class A131 

MAXIMUM RATINGS  

DC PLATE VOLTAGE 
DC SCREEN VOLTAGE 
DC PLATE CURRENT 
PLATE DISSIPATION 
SCREEN DISSIPATION 
GRID DISSIPATION 
*Approximate values. 
**Adjust grid bias to obtain listed zero-signal plate current. 

3000 VOLTS 
400 VOLTS 
.900 AMP 
1500 WATTS 

12 WATTS 
1.0 WATTS 

TYPICAL OPERATION (Sinusoidal wave, 2 tubes unless noted) 

DC Plate Voltage - 
DC Screen Voltage - 
DC Grid Voltage** 
Zero-Signal DC Plate Current - 
Max.-Signal DC Plate Current - 
Zero-Signal DC Screen Current* 
Max.-Signal DC Screen Current* 
Effective Load, Plate to Plate - 
Driving Power - - - - 
Max.-Signal Plate Output Power 

2000 
325 
60 

500 
1.68 
30 

--27 
1948 
o 

1604 

2500 
325 

--60 
500 
1.69 
--25 
--33 
2715 
o 

2258 

2900 
325 

--60 
500 
1.69 
--20 
--32 
3333 
o 

2774 

Volts 
Volts 
Volts 
mA 
Amps 
mA 
mA 
Ohms 
Watts 
Watts 

NOTE: "TYPICAL OPERATION" data are obtained by calculation from the publishul characteristic curves and confirmed by direct tests. Adjustment of the 
grid bias to obtain the specified zero-signal plate current is assumed. When grid drive is applied, the screen voltage required to obtain the specified value 
of plate current without drawing grid current may vary somewhat from the typical values shown. 

APPLICATION 

Cooling — The maximum temperature rating 
for the anode core of the 4CX1500B is 250°C. 
Sufficient forced air circulation must be pro-
vided to keep the temperature of the anode at 
the base of the cooling fins and the temperature 
of the ceramic-to-metal seals to below 250°C. 
Air flow requirements to maintain seal tempera-
ture at 225°C in 50°C ambient air are tabulated 
below (for operation below 30 megahertz). Tube 
mounted in recommended socket and chimney. 

Sea Level 10,000 feet 

Plate 
Dissipation 

watts 
Air Flow 
CFM 

Pressure Drop 
inches water 

Air Flow 
CFM 

Pressure Drop 
inches water 

1000 
1500 

18 
34 

.23 

.60 
24 
45 

.31 

.80 

*Since the powe dissipated by the heater represents about 60 watts and since 
grid plus screen dissipation can, under some conditions, represent another 13 
watts, allowance has been made in preparing this tabulation for an additional 
73 watts dissipation. 

The blower selected in a given application 
must be capable of supplying the desired air 
flow at a back pressure equal to the pressure 
drop shown above plus any drop encountered in 
ducts and filters. 

At other altitudes and ambient temperatures 
the flow rate must be modified to obtain equiva-
lent cooling. The flow rate and corresponding 
pressure differential must be determined indi-
vidually in such cases, using rated maximum 
temperatures as the criteria for satisfactory 
cooling. 

Heater — The rated heater voltage for the 
4CX1500B is 6.0 volts. The voltage, as measured 
at the socket, should be maintained at this value 
to minimize variations in operation and to ob-
tain maximum tube life. In no case should the 
voltage be allowed to exceed 5% above or below 
the rated value. 

The cathode and one side of the heater are 
internally connected. 

It is recommended that the heater voltage be 
applied for a period of not less than 3 minutes 
before other operating voltages are applied. 
From an initial cold condition, tube operation 
will stabilize after a period of approximately 5 
minutes. 

Intermodulation Distortion — The Radio Fre-
quency Linear Amplifier operating conditions 
including the distortion data are the results of 
actual operation in a neutralized grid-driven 
amplifier. Plots of IM distortion versus power 
output under two-tone conditions, as a function 
of zero-signal plate current, are included to illus-
trate the effect of this parameter upon distortion. 
Because the 4CX1500B has very low grid inter-
ception it is possible to drive the grid positive 
without any adverse effects upon the distortion 
level or upon the driver. Class AB2 linear ampli-
fier operation is therefore possible and recom-
mended. It is also recommended that a low 
impedance driver be used and that the input of 
the 4CX1500B be swamped with a 1000 ohm 
resistor from grid to cathode so as to provide 
an almost constant load to the driver. 

Control-Grid Operation — The control grid dis-
sipation rating of the 4CX1500B is 1 watt. The 
design features which make the 4CX1500B such 
an extremely linear tube also contribute to very 
low grid interception. It will be found that the 
grid will be driven into the positive grid region 
in the typical operation of the tube. The grid 
current will usually be less than 1.0 milliampere. 

Screen-Grid Operation — Tetrode tubes may 
exhibit reversed screen current to a greater or 
lesser degree depending on individual tube de-
sign. This characteristic is prominent in the 
4CX1500B and, under some operating condi-
tions, indicated negative screen currents in the 
order of 35 milliamperes may be encountered. 

The maximum rated power dissipation for the 
screen grid in the 4CX1500B is 12 watts and 

2 



the screen power should be kept below this 
level. The product of the peak screen voltage and 
the indicated dc screen current approximates 
the screen input power except when the screen 
current indication is near zero or negative. In 
the usual tetrode amplifier, where no signal 
voltage appears between cathode and screen, 
the peak screen voltage is equal to the de screen 
voltage. Experience has shown that the screen 
will operate within the limits established for 
this tube if the indicated screen current, plate 
voltage and drive voltage approximate the 
"Typical Operation" values. 

The screen supply voltage must be main-
tained constant for any values of negative and 
positive screen currents that may be encountered. 
Dangerously high plate currents may flow if the 
screen power supply exhibits a rising voltage 
characteristic with negative screen current. Sta-
bilization may be accomplished in several dif-
ferent ways. A bleeder resistor may be connect-
ed from screen to cathode; a combination of VR 
tubes may be connected from screen to cath-
ode; or an electron-tube regulator circuit may 
be used in the screen supply. It is absolutely 
essential to use a bleeder if a series electron-
tube regulator is employed. The screen bleeder 
current should approximate 70 milliamperes to 

SCREEN 

CONTROL 

HEATER & 
CATHODE  

HEATER  

4CX1500B 

adequately stabilize the screen voltage. It should 
be observed that this bleeder power may be use-
fully employed to energize low-power stages of 
the transmitter. 

Plate Operation - The maximum rated plate 
dissipation power is 1500 watts. Except for 
brief periods during circuit adjustments, this 
maximum value should not be exceeded. 

The top cap on the anode cooler may be used 
as a plate terminal at low frequencies or a circu-
lar clamp or spring-finger collet encircling the 
cylindrical outer surface of the anode cooler 
may be used at high frequencies. 

Points of electrical contact with the ahode 
cooler should be kept clean and free of oxide 
to minimize radio-frequency losses. The anode 
cooler should be inspected periodically and 
cleaned when necessary to remove any dirt 
which might interfere with effective cooling. 

Special Applications - If it is desired to operate 
this tube under conditions different from those 
given here, write to the Power Grid Product 
Manager, EIMAC Division of Varian Associates, 
San Carlos, California, for information and rec-
ommendations. 

 CONTACT AREA 

DO NOT CONTACT 

THIS AREA  

VENT HOLE LOCATIONS  

NOT CRITICAL  

DIMENSION DATA 

REF. Nom. MIN. MAX. 

A 3.335 3.365 
8 .807 .817 

C 1.870 1.900 

D 2.250 DIA. 2.300 DIA. 

E 2.195 2.380 

F 3.410 3.550 

G 4.600 4.800 
H .950 1.000 

J .675 .725 

K .400 .450 

L .140 .170 

M .020 .030 

N .700 .800 
P .314 DIA. :326 DIA. 

R 55* 65° 

3 1 1 5 ° 125° 

T .470 .530 

U .023 .043 

V .057 DIA. .073 DIA. 
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TENTATIVE DATA 

4U1120,000A 
El TEL-McCULLOUGH, INC. 

SAN BRUNO, CALIFORNIA 

The Eimac 4W20,000A is a high-power, water-cooled transmitting tetrode having a maximum 
plate dissipation rating of 20 kilowatts. This tube will operate efficiently as a power-amplifier at 
frequencies up to 250 Mc. A single 4W20,000A operating as a television visual r-f amplifier will deliver 
a synchronizing power output of 26 kilowatts at 216 Mc., with a 5-Mc. bandwidth. 

The coaxial terminal arrangement of the tube is ideally suited for use in cavity circuits. The 
cathode is a unipotential thoriated tungsten cylinder of rugged construction, heated by electron 
bombardment. 

GENERAL CHARACTERISTICS 

ELECTRICAL 
Cathode: Unipotential, thoriated tungsten. 

D-C Voltage (Approx.) - 
D-C Current (Approx.) - 

Filament: Thoriated Tungsten, Helical 
Voltage 
Current (without cathode bombardment) 
Current (with cathode bombardment) - 
Maximum allowable starting current 

Direct Interelectrode Capacitances (Average) 
Grid-Plate - 
Input - 
Output 

Screen-Grid Amplification Factor (Average) - 
Transconductance (1b=6.6 A.,Eb=3.0 kV., E2= 

MECHANICAL 
Base 
Mounting Position - 
Cooling - 
Maximum Over-all Dimensions 

Length - 
Diameter 

Net Weight - 
Shipping Weight 

Heated by electron bombardment. 
1400 volts 

1.8 amperes 

1200 V.) 

10 
30 
25 
50 

volts 
amperes 
amperes 
amperes 

0.5 µ.µ f 
125 Nuf 
23 µµf 
5.5 

75,000 µmhos 

RADIAL-BEAM 

POWER TETRODE 

- Special, Concentric 
Vertical, base down or up 

Water and Forced Air 

15.2 inches 
5.0 inches 
7.6 pounds 
40 pounds 

RADIO FREQUENCY POWER AMPLIFIER 
MAXIMUM RATINGS (per tube) 
D-C PLATE VOLTAGE 8 MAX. KV 
D-C PLATE CURRENT 15 MAX. AMP 
PLATE DISSIPATION 20 MAX. KW 

SCREEN DISSIPATION 200 MAX. WATTS 
GRID DISSIPATION 60 MAX. WATTS 

TYPICAL OPERATION 

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

D-C Plate Voltage - - 5000 6000 7000 volts 
D-C Screen Voltage - 1200 1200 1200 volts 
D-C Grid Voltage - - —350 — 370 —400 volts 
D-C Plate Current - - 3.6 3.6 3.4 amps 
D-C Screen Current 

(approx.)* - - 167 167 167 ma 
D-C Grid Current (approx.) - 50 50 50 ma 
Peak R-F Input Voltage - - 455 475 505 volts 
Driving Power (approx.)* - 750 780 830 watts 
Screen Dissipation - - 200 200 200 watts 
Plate Power Input - 18 21.6 23.8 kw 
Plate Dissipation - 7.0 8.6 8.0 kw 
Useful Power Output - - 9.2 11.5 13.0 kw 

*The performance figures listed above are obtained by calculation 
from the characteristic tube curves and confirmed by direct tests. 
The driving power and output power allow for losses associated with 
practical resonant circuits. 

TYPICAL OPERATION 
Class-B Linear Amplifier—Television Visual Service 
(Per tube, 5-Mc. Bandwidth up to 216 Mc.) 

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

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

650 ohms 
1/4 wave 

7000 volts 
1200 volts 
—150 volts 

6.0 amps 
230 ma 
90 ma 
280 volts 
500 watts 
42 kw 
16 kw 
26 kw 

4.5 amps 
100 ma 
45 ma 

220 volts 
300 watts 
32 kw 

16.5 kw 
15.5 kw 

These 216 Mc. typical performance figures were obtained by direct 
measurement in test equipment. The output power is useful power 
measured in a load circuit. The driving power is that taken by the 
tube and a practical resonant grid circuit. These figures ore subject 
to variation and in many cases, with further refinement and improved 
techniques, better performance might be obtained. 

(Effective 2-27-54) Copyright, 1954 by Eitel- McCullough, Inc. TENTATIVE DATA Indicates change from sheet dared 3-1-53 
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Note: Typical operation data are based on conditions of adjusting to a specificied plate current, maintaining fixed conditiods of grid bias, screen 
voltage, suppressor voltage and r-f grid voltage. It will be found that if this procedure is followed, there will be little variation in power 
output between tubes even though there may be some variation in grid, screen and suppressor 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. 

APPLICATION 

Mounting—The 4W20,000A must be mounted 
vertically. Base-down or base-up mounting is 
optional. 

The co-axial contact surfaces provided for 
connection to the filament, cathode, grid, screen, 
and anode are of successively larger diameters to 
facilitate removal and replacement of tubes. 

Cavity circuits may be designed around the 
dimensions shown in the outline drawing. At 
very high frequencies the points of contact be-
tween the tube and the external circuit will be 
required to carry high values of charging current. 
It is, therefore, essential that the contactors make 
firm and uniform contact between the terminal 
surfaces of the tube and the external circuit. 
Particular care should be taken that the contactors 
are not inadvertently forced out of shape, and 
that all contact surfaces are maintained free from 
dust or other foreign matter which would prevent 
uniform electrical connection. At VHF, poor con-
tact by one finger of a multi-finger collet can re-
sult in local overheating which may damage the 
tube seals. 

Although contact fingers or slotted collets are 
often made an integral part of cavity circuits, 
there is some advantage to reversing the plan by 
providing contact-finger assemblies which are de-
signed to be clamped firmly to the terminal sur-
faces of the tube itself and to make sliding contact 
with the cavity as the tube is inserted. This 
arrangement facilitates replacement of worn or 
damaged contactors and tends to remove inci-
dental local heating from the vicinity of the tube 
seals. Tubes held in reserve for emergency re-
placement may be fitted with contact-finger 
assemblies and water-line extensions to minimize 
lost time in making changes. 

Cathode Heating Power—The cathode of the 
4W20,000A is a unipotential, thoriated tungsten 
cylinder, heated by electron bombardment of its 
inner surface. Bombardment is obtained by using 
the cylindrical cathode as the anode of a diode. 
A helical filament is mounted on the axis of the 
cathode cylinder to supply the bombarding elec-
trons. A d-c potential of approximately 1400 
volts is applied between the filament and the 
cathode cylinder, and the recommended cathode 
heating power of 2500 watts is obtained with 
approximately 1.8 amperes. 

The inner filament is designed to operate un-
der space-charge limited conditions so that the 
cathode temperature may be varied by changing 
the voltage applied between the inner filament and 
the cathode cylinder. 

For maximum tube life the filament voltage, 
as measured directly at the filament terminals, and 
the cathode power should be held at their rated 
values. Variations in filament voltage should be 
held within the range of 9.5 to 10.5 volts, cathode 
power within the range of 2250 to 2750 watts. 

Further increases in cathode efficiency will 
result in a decrease in the cathode bombardment 
power requirements. The cathode bombardment 
power supply should, therefore, be capable of pro-
viding a minimum of approximately 2000 watts. 

Caution: It must be kept in mind that the fila-
ment is at a potential of 1400 volts d-c with respect 
to ground. The filament transformer and volt-
meter must be adequately insulated for this 
voltage, 

Grid Voltage Regulation—The practice of design-
ing grid voltage supplies to maintain adequate 
regulation under conditions of varying grid current 
is particularly desirable with the 4W20,000A. 
Because the cathode of the 4W20,000A is a com-
plete cylinder, grid temperatures run higher than 
usual. For this reason, even with no excitation, 
control grid current reversal might conceivably be 
several milliamperes and safe design should allow 
for possible peaks on the order of 100 milli-
amperes. 

Anode Cooling—The water-cooled anode requires 
6 gallons per minute of cooling water for the rated 
20 kilowatts of plate dissipation. This corresponds 
to a pressure drop of 1 pound per square inch across 
the water jacket. The inlet water pressure must not 
exceed a maximum of 50 pounds per square inch. 

The outlet water temperature must not exceed 
a maximum of 70°C under any conditions. 

Seal Cooling—The grid and screen tube contact 
surfaces and adjacent glass and ceramic must be 
cooled by high-velocity air which may be accom-
plished by means of ring manifolds. The quantity, 
velocity and direction of air must be adjusted to 
limit the maximum seal temperatures to 150°C. 

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

Page Two 
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The cathode and filament stem also require 
forced-air cooling in sufficient quantity so that 
the region on the cathode terminal opposite the 
glass of the grid terminal seal does not exceed a 
maximum of 150°C. The major portion of this 
air must be guided along the surface of the ter-
minal sleeve. The remaining air flows through 
the nine holes inside the terminal sleeve, cools 
the filament stem and vents through the three 
holes in the tube base enclosed by the outer fila-
ment spring collet connection. 

By employing a cathode collet such as 
is shown in the accompanying drawings, the 

recommended cooljng requirements will be 
fulfilled with an ail flow of 25 cubic feet per 
minute at a static manifold pressure of 2 inches 
of water. 

Tube temperatures may be measured with the 
aid of "Tempilaq", a temperature-sensitive 
lacquer manufactured by the Tempil Corporation, 
11 West 25th St., New York 10, N. Y. 

Air and water flow must be started betore 
filament and cathode power are applied and main-
tained for at least two minutes after the filament 
and cathode power have been removed. 

4W20,000A/ 3WI0,000A3  

SUGGESTED STEM AIR COOLING  

CATHODE COLLET 

Page Three 
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W20,000A  

4W20,000A/3WI0,000A3  

CATHODE COLLET  

MILL 18 SLOTS .010 WIDE x 
11 DEEP - 20° APART e 

18-" GROOVES  I DEEP 
20 APART  

3 
— x 45° CHAMFER 64 

r76 

*9 (.1960) DIA. DRILL THRU  
4 HOLES  

MATERIAL: BERYLLIUM COPPER  
HEAT TREAT: R, 401 

FINISH: SILVER PLATE APPROX. 
.0005" TO .001" 

1 385°C FOR APPROX. 5-6 HRS 
IN NON -REDUCING ATMOSPHERE  

Page Four 



WATER INPUT 
COOLER UP 

WATER LINES  

+ OD. COPPER TUBING WITH + 

S.A.E. FLARE FITTING NUTS 

ANODE  

SCREEN GRID 

CONTROL GRID  

CATHODE 

FILAMENT   

2 ±-L32 D1A.  

1 
2 -- PIA MIN 

ALL DIMENSIONS 

IN INCHES  

.250'1.010 DI A 

1.000-1.010 DIA 
15 
I 16 DIA. MAX.  

11-"SEE NOTE 

BOTTOM VIEW 

 4 7 + 

WATER INPUT 
COOLER DOWN 

rg 
15+1 

U+_1_ 
* 1` 32 - 16 

I- I 1 
t8 271±25*1 -ft 

32 -rg  

I +•1-

Lie 8-8 

COOLING AIR  

II I 
2 -r6-1 

NOTE I. GLASS DIAMETER LESS 

THAN MINIMUM DIA. OF 

CONTROL GRID CONTACT 
SURFACE. 

*CONTACT AREA 

Indicates change from sheet dated 3-1-53 
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Heater and Cathode 

Resonator 

Repeller - 

Output (See Outline 
Drawings) 

TENTATIVE DATA 

EITEL-McCULLOUGH, INC. 
SAN BRUNO, CALIFORNIA 

The EIMAC I K015XA and 1 K015XG are ruggedized, integral-cavity, X-

band, reflex klystrons intended for local oscillator service under conditions of 

severe shock, vibration or sustained acceleration. 

The IK015X type tubes are available with either coaxial output or wave-

guide output. The r-f terminal of the I KOI5XA is a coaxial connector. For 

waveguide outjput, the r-f terminal of the IK015XG is the Eimac transition 

section. 

GENERAL CHARACTERISTICS 

ELECTRICAL 

Cathode: Coated Unipotential 

Heater Voltage 

Heater Current 

'Frequency Range - (8400 thru 9600 Mc) 

(See paragraph: Mechanical Tuning in Application) 

MECHANICAL 

High Impact Shock* - 

>Axial Vibration Test (20-2000 cycles)* 

Mounting (See Outline Drawing) 

1K015XA 

1K015XG 

6.3 volts 

0.80 amperes 

800 Mc 

100 g 

10 g 

Three-hole flange and 
coaxial r - f terminal 

or 
In conjunction with an 
Eimac transition section 
mounts directly on a 
UG-39/U waveguide 
flange 

Connections: 

Heater White wire at base 

Black wire at base 

- Shell of tube 

White wire at top 

IKO I 5XA: Coaxial fitting, 
I K015XG: UG-39/U waveguide flange 

1K015XA 
AND 

1K015XG 
KLYSTRONS 

• 

X-BAND 

OSCILLATORS 

1 K015XA 

(Coaxial Output) 

1 K01 5XG 

( Waveguide Output) 

*The shock and vibration tests are applicable to both coaxial and waveguide outputs. 

(Effective 7-22-54) Copyright 1954 by Eitel-McCullough, Inc. plei Indicates change from sheet dated 7-7-53 
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Mounting Position Any 

Cooling • Convection and Radiation 

Maximum Over-all Dimensions: Coaxial Output Waveguide Output 

Length - 2-3/8 inches 3-9/16 inches 

Diameter 1-3/16 inches 

Width - 1-15/32 inches 

Net Weight - 1.5 ounces 6.5 ounces 

Shipping Weight 4 ounces 8 ounces 

MAXIMUM RATINGS 

D-C RESONATOR VOLTAGE 350 MAX. VOLTS 

RESONATOR DISSIPATION - 15 MAX. WATTS 

D-C CATHODE CURRENT - 50 MAX. MA 

D-C REPELLER VOLTAGE 

Positive Limit 0 MAX. VOLTS 

Negative Limit 500 MAX. VOLTS 

TYPICAL OPERATION (With flat load) 

Mode - - 6 3/4 71/4 51/4 6Y4 

D-C Resonator Voltage 250 250 300 300 volts 

D-C Cathode Current - 36 36 47 47 mA 

D-C Repeller Voltage -110 -65 -170 '-95 volts 

Power Output - 45 30 100 65 mW 

Frequency - - 9000 9000 9000 9000 Mç/s 

Electronic Tuning Range 40 55 40 60 Mc/s 

APPLICATION 

Mounting—The I K015XA is provided with a three-hole base flange for solid mounting directly to the equip-

ment chassis, to an insulating support or to the Eimac transition section to make the I KO I5XG. No socket 

or tube clamp is necessary. 

Cooling—No special provisions are ordinarily required for the cooling of the 1K015XA or 1K015XG. The 

resonator will dissipate 15 watts of power by radiation and convection in ambient temperatures up to 

100°C. 

Resonator—The resonator of the 1K015XA and I K015XG is integral with the shell of the tube. For this 

reason it is often convenient to operate the resonator at chassis potential, with the repeller and cathode 

at appropriate negative potentials. The coaxial output connection also lends itself to d-c isolation of the 

resonator from chassis potential. All voltages given in the list of Maximum Ratings and in the Typical 

Operation data are measured with respect to the cathode of the tube. 

Cathode—Heater voltage should be at the rated value of 6.3 volts. Variations should be kept within the 

range of 5.7 to 6.9 volts. The cathode is internally connected to one side of the heater. If the resonator 

is operated at chassis potential, the heater transformer must be insulated for the cathode-to-resonator 

potential. 

Indicates change from sheet dated 7 7 53 



RepeIler—There will be an optimum repeller voltage for any given output frequency, and the range of 

electronic tuning or frequency modulation under control of the repeller voltage will vary with output fre-

quency and choice of repeller mode. These relations are shown for a typical tube in the accompanying 

curves. 

Repeller voltages must be negative with respect to the cathode at all times. 

Mechanical Tuning—Mechanical tuning is accomplished by a single screw with a differential thread. Six 

full turns of the screw will tune the tube through a range of 800 Mc. The particular 800 Mc. range de-

sired should be specified. Standard tuning range adjustment, unless otherwise specified, will be for 8600 

to 9400 Mc. 

Output—Curves illustrating the variation of power output with operating frequency for a typical tube are 

shown below. These curves assume a flat load and optimum repeller voltages at all frequencies. With 

a VSWR mismatch of 2 to I, the power output will not fall below one-half the indicated power. 

Frequency Stability—Under axial vibration of 10g maximum acceleration, the spectrum width is less 

than 1.0 Mc. The frequency modulation response to vibration along other axes of the tube is approxi-

mately one-half that for the axial direction. 

Frequency variations within the range of normal operating temperatures do not exceed ±0.1 Mc/°C. 

Starting Time—The IK015XA and IK015XG will be within ±I0 Mc of operating frequency in less than 

one minute after applying voltages. 

TYPICAL OPERATING CHARACTERISTICS 1K015XA AND 1K015XG 
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TENTATIVE DATA 

E I TE L-Mc C ULLOU GI-I, INC. 
SAN BRUNO, CALIFORNIA 

The Eimac 3K20,000LA, 3K20,000LF and 3K20,000LK klystrons are three 
cavity, magnetically focused power amplifiers intended primarily for UHF 
television broadcast service. Each klystron type, operating as a television visual 
r-f amplifier, will deliver 5.5 kW of peak synchronizing power output with a 
power gain of approximately 20 db. The cavities of the Eimac UHF television 
klystrons have ceramic windows and are completed by tuning boxes external 
to the tubes. 

NOMINAL TUNING RANGE 
The UHF television band (470-890 Mc) is covered by the three tube types as follows: 

TUBE TYPE NUMBER 
3 K20,000LA 
3 K20,000LF 
3K20,000LK 

MC. 
470-580 
580-720 
720-890 

CHANNEL 
14-32 
33-55 
56-83 

GENERAL CHARACTERISTICS 

MECHANICAL ELECTRICAL 
Mounting (See Outline 

- - - 
Mounting Position 
Cooling   
Connections: 

Filament - 
Cathode - 
Focus Electrode 
Cavities - 
Collector 

Drawing) 
Support from Mounting Flange 

- - Axis Vertical 

Water & Forced Air 

Klystron Type 
Maximum Overall Dimensions: 

Length - - - - 
Diameter - - - - 

Net Weight - 
Shipping Weight 

- Flexible Leads 
- - Cylindrical Strap 
- - Cylindrical Strap 
Multiple Contact Fingers 
  Cylindrical Strap 

50 
51/8 

42 37 
160 150 

45 
51/8 

41 inches 
51/4  inches 
35 pounds 
145 pounds 

Filament: Pure Tungsten 
Voltage   
Current (with cathode cold) - 
Current (with cathode at 

operating temperature) - - 39 amperes 
Maximum Allowable Short Circuit Current 

of Filament Current Source - - 84 amperes 
Cathode: Unipotential; heated by electron bombardment 
MAXIMUM CATHODE RATINGS 
DC VOLTAGE - - - 2300 MAX. VOLTS 
DC CURRENT .75 MAX. AMPERES 
DC POWER - 1600 MAX. WATTS 

Focus Electrode 
*Voltage (with respect to cathode) - 0 to —500 volts 

Magnetic Field: Axial (See Magnetic Circuit Schematic) 
Field Strength (approximately) - - - - 120 gauss 

May be varied over a range of 0 to —500 volts if beam current 
control is desired. 

ULTRA HIGH FREQUENCY POWER AMPLIFIER 
MAXIMUM RATINGS 

DC BEAM VOLTAGE   14.0 MAX. KILÓVOLTS 
DC BEAM CURRENT - - 1.7 MAX. AMPERES 
COLLECTOR DISSIPATION - - ---- 20.0 MAX. KILOWATTS 

Note: Maximum beam voltage and beam current should not be applied without r-f excitation. 

TYPICAL OPERATION 
RF Linear Amplifier—Television Visual Service (In accordance 

with United States Federal Communi-
cations Commission Standards) 

DC Cathode Bombarding Power - 
DC Cathode Bombarding Voltage 

(approximately) - - - 
DC Cathode Bombarding Current 

(approximately) - - - 
DC Focus Electrode Voltage 
DC Beam Voltage - - 
DC Beam Current - - - - 
DC Collector Current (approximately) 1 

Peak Synchronizing Level (80% of saturation 
Driving Power (approximately) 2 - - 
Power Output - - - - 
Efficiency - . 

Black Level 
Collector Dissipation (approximately) 1-
Driving Power (approximately) 2 - - 
Power Output - - - - 
Efficiency   

1400 watts 

2100 volts 

.66 
o 
13 
1.4 
1.2 

power) 
55 
5.5 
30 

12.5 
33 
3.3 
18 

amperes 
volts 
kilovolts 
amperes 
amperes 

watts 
kilowatts 
percent 

kilowatts 
watts 
kilowatts 
percent 

RF Amplifier—Television Aural Service 

DC Cathode Bombarding Power - 

DC Cathode Bombarding Voltage 

DC Cathode Bombarding Current 

DC Focus Electrode Voltage 

DC Beam Voltage - 

DC Beam Current - 

DC Collector Current' 

Driving Power' - - 

Collector Dissipation (approximately) 5-

Power Output - 

Efficiency 

iMinor tube-to-tube variations may be expected. 

9.0 
42 

volts 
amperes 

1400 watts 

2100 volts 

.66 amperes 

0 volts 

10.0 kilovolts 

.95 amperes 

amperes 

20 watts 

5.8 kilowatts 

2.75 kilowatts 

29 percent 

.8 

'Total driving power includes losses inserted for broadband opera-
tion. The output power is useful power measured in a load circuit. 

,The driving power is the total power required by the tube and a 
resonant circuit. 

(Effective 8-17-53) Copyright 1953 by Eitel-McCullough, Inc. Supersedes 3K20,000LK Data Sheet with Effective Date of 3-10-53. 



,.." 5K20,000LA 
 0000000010  3K20,000LF 

3K20.000LK 

APPLICATION 
Mounting—The klystrons are provided with a mounting 
flange (See Outline Drawing) which may be used to 
support the tubes with either end up. 

Filament Operation—For maximum tube life, the pure 
tungsten filament should be operated just above the 
emission limiting temperature. This temperature will be 
obtained with a filament voltage, as measured directly 
at the terminals, of approximately 9 volts. 

Cathode Heating Power—The cathode is unipoten-
tial and heated by electron bombardment. A dc potential 
of approximately 2100 volts is applied between the fila-
ment and the cathode; and the recommended cathode 
heating power of 1400 watts is obtained with approxi-
mately .66 amperes. The filament is designed to operate 
under space-charge limited conditions. Cathode tempera-
ture is varied by changing the bombarding potential 
between the filament and the cathode. 

Cooling—Forced air is used to cool the Electron Gun 
Structure and the Middle and Output Cavities. Only 
clean, well filtered air should be blown on the tube to 
avoid voltage breakdown due to dust accumulation. The 
temperature of the metal in the region of the metal-to-
glass seals should not exceed 150°C. Tube temperatures 
may be measured with a temperature-sensitive paint, 
such as "Tempilaq", manufactured by the Tempil Cor-
poration, 132 West 22nd Street, New York 11, N. Y. 
Water is used to cool the Drift Tubes and the Col-

lector Assembly. The cooling water should be of suffi-
cient purity to prevent liming of the water system, and 
the use of a heat exchanger is recommended. The inlet 
water pressure of the Drift Tubes and the Collector 
Assembly should not exceed 40 pounds per square inch. 
The outlet water temperature must not exceed a maxi-
mum of 70°C. under any condition. 

Air and water flow should be started before the fila-
ment and cathode power are applied and maintained for 
at least two minutes after the filament and cathode 
power have been removed. 

Klystron Cooling Requirements for Typical Operating 
Conditions and Correct Magnetic Field Adjustment: 

Input Drift Tube - - 

Short Drift Tube Jacket 

Long Drift Tube Jacket 

Output Drift Tube - 

Collector Assembly - 

Electron 
Gun 
Structure 

Cooling 
Medium 

*Water 

*Water 

*Water 

Water 

*Water 

Volume 

I gpm 

1 gpm 

I gpm 

I gpm 

6 gpm 

{
Filament Stem - Air 
Cathode Terminal - Air 
Focus Electrode 
and Anode Seals - Air 

Input Cavity - - None 

Center Cavity - - Air 15 cfm 

Output Cavity - - Air 50 cfm 

*Cooling water connections should be made as noted on Cooling Diagram. 

Remarks 

Total 
pressure 
drop if 
series 
connected 
with 5/16" 
tubing= 
4 psi. 

Pressure 
Drop 

1 psi 

I psi 

1 psi 

I psi 

3 psi 

1-2 cfm 
90 cfm 

90 cfm 
See 

Cooling 
Diagram 

RF Contact Surfaces—The means by which contact is 
made between the cavities and the tuning boxes is of 

great importance. Two requirements which must be met 
to ensure proper electrical connections are as follows: 

(I) Contact to the tube cavities must be made only on 
the peripheral surface of the 1/4 " cavity flanges as 
shown on the outline drawing. 

(2) Each individual finger of the collet or spring stock 
material must make positive contact to the cavity flange 
to prevent arcing. 

Magnetic Field—An adjustable magnetic field is nec-
essary to control and direct the beam throughout the 
length of the drift tube. The magnetic field should be 
capable of variation around the recommended field 
strength of 120 gauss. Typical magnetic circuit require-
ments for a 3K20,000LK are shown in the Magnetic 
Circuit Schematic. The current and adjustsment of the 
pre-focusing coil are optimized under low beam voltage 
conditions and will require minor readjustment with 
changes in beam voltage. The current and location of 
the focusing coils should be capable of independent ad-
justment. Readjustment of the current of the focusing 
coils is necessary with changes in beam voltage. Beam 
transmission (collector current divided by the beam 
current as measured in the cathode return to beam power 
supply) will vary from 75% to 95%. Improper adjust-
ment or misalignment of the magnetic field, as indicated 
by too low a value of beam transmission, may cause the 
beam to strike and overheat the drift tube wails. 

Tube Type 

3K20,000LA 
3 K20,000L F 
3K20,000LK 

MAGNETIC FIELD COIL REQUIREMENTS 

Number of Coils Required for 
Field Strength of Approximately 

120 Gauss. 

Pre-focusing 
Coil 

375-750 
ampere-turns 

per coil 

- 
1 

Focusing Coils 

1600-4800 
ampere-turns 
per coil 

3 
3 
2 

0-1600 
ampere-turns 
per coil 

1 

CAUTION—It is convenient to operate the r-f and 
colltctor portions of the tube at ground potential. Since 
the cathode and filament are operated at hig:h negative 
potentials with respect to ground, filament and cathode 
power supplies and voltmeters must be adequately insu-
lated for these high voltages. Protection must also be 
afforded to operating personnel. 

Protection—It is recommended that the following pro-
tective devices be used: 

Interlocks in air and water supplies. 

Interlocks in magnetic field supply circuits. 

Current overload in cathode bombardment supply 
circuit. 

Current overload in beam current supply circuit. 

Current overload in cavity current circuit. 

Current limiting resistor of approximately 100 ohms in 
series with beam power supply to isolate tube from 
final capacitor of supply. 

The filament and cathode bombardment voltages will 
normally be applied before the beam voltage. Cavity 
tuning or magnetic field adjustment should be made 
with reduced beam voltage (1/2 to 2/3 normal). Slight 
retuning and readjustment will be necessary when beam 
voltage is raised to full value. 
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High-Power Klystrons at UHF* 
D. H. PREISTt, 1"MBER, C. E. MURDOCKt, ASSOCIATE, IRE, AND J. J. WOERNERt 

Summary—A brief history of high-power cw klystron develop-
ment and a classification of types of klystron are followed by a de-
scription of the three-cavity, gridless klystron amplifier with mag-
netic focusing, in general terms, and the Eimac 5-kw klystron for 
1311F-TV in more detail. This tube has cavities which are partly out-
side the vacuum system and contain ceramic "windows." The ad-
vantages of the klystron over the conventional negative-grid type of 
tube are reviewed from the standpoint of performance, and the main 
operational features are noted. 

INTRODUCTION 

/N VIEW OF the increasing activity above 450 mc 
for such purposes as television, it may be of value 
to review the means of generating transmitter 

power presently available. 
Of outstanding interest in this field is the post-World 

War II development of power amplifier klystrons. Al-
though the klystron principle was discovered as far back 
as 1939,' its application to high-power generation was 
delayed, largely because of the 1939-1945 war and the 
need to concentrate on those lines of development which 
appeared the most promising for military purposes. The 
ultimate possibilities of the klystron were appreciated 
by few, and although a great deal of fundamental re-
search on electron beams was carried on in various 
places, development in the field of high-power cw tubes 
was confined mainly to one group in California,t8 and 
one group in France. 4,5 As a result of this work the basic 
principles have been extended, and much progress has 
been made in techniques of construction, culminating 
in the recent appearance of high-power klystrons for 
commercial purposes in the United States,2,6 and an in-
creasing awareness of the great advantages of this type 
of tube for stable amplification at high-power levels. 
The object of this paper is to review, briefly, from the 

point of view of the potential user, the performance of a 
modern high-power klystron, and to describe the 
special peculiarities and methods of operation of this 
type of tube. A brief survey will also be made of the 
factors limiting the performance of a klystron, compared 
with the factors limiting the performance of conven-
tional negative-grid tubes. 

* Decimal classification: R339.2 X R583.6. Original manuscript re-
ceived by the Institute, November 3, 1952. 
f Eitel-McCullough, Inc., San Bruno, Calif. 
1 R. H. Varian and S. F. Varian, "A high frequency oscillator and 

amplifier," Jour. Appt. Phys., vol. 10, p. 321; 1939. 
2 "High Power UHF Klystron," Tele-Tech, p. 60; October, 1952. 
W. C. Abraham, F. L. Salisbury, S. F. Varian, and M. Cho-

dorow, "Transmitting Tube Suitable for UHF TV," paper presented 
at IRE National Convention; 1951. 

P. Guénard, B. Epsztein, and P. Cahour, "Klystron Amplifica-
teur de 5 KW à large bande passante," Ann. Radioelect., vol. VI, 
p. 24; 1951. 

R. Warnecke and P. Guénard, "Tubes à Modulation de Vitesse," 
Gauthier-Villards, Paris; 1951. 

J. J. Woerner, "A High Power UHF Klystron for TV Service," 
paper presented at IRE National Convention; 1952. 

KLYSTRON TYPES 

Present-day klystrons fall into three categories: 

1. Reflex Klystron Oscillators 
Most of these have low efficiency (of the order of 
1 per cent) and generate relatively low power, and 
are suitable for receivers, local oscillators, test 
equipment, and the like. 

2. 2-Cavity Klystrons 
These may be used as amplifiers, oscillators, or fre-
quency multipliers; as amplifiers they are capable 
of power gains of about 13 db and efficiencies of 
about 20 per cent, at frequencies of the order of 
1,000 mc. 

3. 3-Cavity Klystrons 
These are useful, principally, as amplifiers, and are 
capable of power gains of about 20 to 30 db, and 
efficiencies of 30 to 40 per cent, together with 
bandwidths of several mc, at frequencies of the 
order of 1,000 mc. Because of the superior amplifier 
performance given by this type of klystron, the 
other two types will not be dealt with further in 
this paper. 

3-CAVITY GRIDLESS KLYSTRON AMPLIFIER WITH 
MAGNETIC FOCUSSING 

A. Description 

This type of tube, sometimes called a "cascade 
amplifier," is illustrated schematically in Fig. 1. It will 
be seen to consist of four essential parts: 

1. The Electron Gun 
This has a source of electrons (the cathode), a 
means of accelerating the electrons to a high 
energy level (the anode), and a means of focussing 
the electrons into a parallel beam of high electron 
density emerging from the hole in the anode. 

MON 

- D.C. 

FIL 

n. OUTPUT 

FOCUSSING COILS 

GA NODE 

o.rvs.2 

GAP 

\ OLL ECTOR 

Fig. 1—Schematic diagram of 3-cavity klystron with 
magnetic focusing. • 
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2. The RF Resonant Cavities and Drift Tubes 
The first cavity is fed with RF energy from a 
driving source at low level. The second cavity is 
tuned to resonance, or near resonance, but is not 
fed with energy from outside. The function of 
these two cavities, in conjunction with the drift 
tubes, is to velocity-modulate the electron beam 
so as to produce "bunches" of electrons at the out-
put cavity. The latter is tuned to resonance and 
coupled to the antenna, or other load, and serves 
to extract as much RF energy as possible from the 
"bunched" electron beam. Its function and opera-
tion are closely similar to those of the output cir-
cuit of a Class "C" amplifier using triodes or 
tetrodes. 

3. The "Collector" Electrode 
This collects the electrons after they have passed 
through the output cavity, and have given up part 
of their energy to the RF field, and thus to the 
load; because only about 30 per cent of the energy 
in the beam is converted to RF energy, this collec-
tor has to be capable of dissipating the remaining 
percentage, that is to say, 70 per cent of the 
product of the anode-cathode voltage and cathode 
current, when fully driven. (In practice the collec-
tor current is very slightly less than this because 
some electrons inevitably strike the anode and the 
drift-tube walls.) If the tube is used as a linear 
modulated amplifier, the collector will be required 
to dissipate 100 per cent of the input power under, 
conditions of zero drive and zero output. 

4. External Magnetic Circuit 
This consists of suitably disposed electromagnets 
producing an axial magnetic field of controllable 
strength which tends to keep the beam parallel as 
it passes along the tube. Without this field the 
beam would expand because of the mutual re-
pulsion of the electrons. The optimum field 
strength is fairly critical, and is not necessarily 
uniform along the length of the tube. It is usually 
prevented from penetrating the cathode, either by 
a metallic magnetic shield or by the use of a "buck-
ing" coil, or by a combination of both. 

B. Performance and Operational Features of This Type of 
Klystron 

The 3-cavity klystron is a tube capable of generating 
a much larger power output a.t uhf than the conven-
tional negative-grid tube. The deterioration of per-
formance as the frequency is raised is slight. The power 
gain of the klystron is very much larger than that of a 
tetrode. It may be worthwhile to review briefly the rea-
sons for this. 

Considering the factors limiting the power output of 
a triode or tetrode, aside from external circuit losses, 
one finds that basically they are the total cathode emis-
sion, the anode voltage, the interelectrode spacing, and 

the RF loss in the materials used to make the electrodes 
and the envelope. Now the total çathode emission, as-
suming the best material is used ánd that a given life 
is required, depends on its area. This area is limited at 
uhf because the tube forms part of a resonant transmis-
sion line in which large changes of electric and magnetic 
field occur over distances which are small compared 
with the wavelength. Since nonuniform potentials be-
tween electrodes cause loss of efficiency, it is necessary 
to keep the electrode dimensions small compared with 
the wavelength; thus, the cathode area is limited, and 
has to be reduced as the wavelength is decreased. The 
anode voltage is limited by internal flash-arcs between 
electrodes. The electrode spacing must, however, be 
small enough to give small electron transit times, and 
must be decreased with the wavelength. The applied 
voltage must, therefore, be reduced also with the wave-
length. Lastly, the RF losses in the tube materials in-
crease as the wavelength decreases. All these factors 
added together give the well-known result that triodes 
and tetrodes get rapidly smaller as the wavelength de-
creases, and so does the power they will generate and 
the efficiency. In addition, the problem of manufacture 
becomes more and more serious, and ultimately becomes 
prohibitive. The two worst problems are caused by the 
small spacing between electrodes, of the order of 0.001 
inch, and the mechanical weakness of the fine wire grids. 

Considering now the power gain, this becomes less as 
the wavelength decreases because the tube requires 
more and more driving power to overcome the increas-
ing electron transit-time effects, losses in materials, 
grid current, and (usually) inherent negative feedback. 

In a klystron, on the other hand, some of these limita-
tions do not occur at all, and others are less significant. 
The cathode area is not limited by the wavelength be-
cause it is outside the RF field. The anode-to-cathode 
spacing being of the order of 1 inch, extremely high 
anode voltages may be applied without internal flash-
arcs; also, the cavity gap spacings may lie about -1- inch 
in a 5-kw tube at 1,000 mc. Again, because gridless gaps 
may be used without serious loss of coupling between 
the beam and the resonant cavities, there are no prob-
lems of fabrication or heating of grid wires. Further-
more, because the collector is outside the RF field, it 
may be designed solely for the purpose of dissipating 
heat, and this becomes a minor problem in practice. The 
losses in the conductive tube materials are small because 
all the metal parts carrying RF current may be made 
of high-conductivity metal. (There is no loss comparable 
to the RF losses in a triode due to RF current flowing 
through lossy cathode material or fine resistive grid 
wires.) Therefore, the only limiting factor approached in 
klystrons giving adequate power for present commercial 
applications is the loss in the dielectrics. Some dielec-
trics are inevitable either in the form of windows in the 
cavities, as in the Eimac tube, or in the other type of 
tube with integral cavities, the window between the 
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output cavity and the load. If the power level is raised 
high enough, these dielectrics will ultimately break 
down, either by cracking due to heat or by flashing over 
the outside surface which is at atmospheric pressure; 
however, this does not occur in a well-designed tube at 
power levels that are presently interesting. 

Considering the power gain of a klystron, this is 
governed almost entirely by the geometry and is limited 
only by the small RF losses in the input cavity and the 
beam loading of the cavity, which is small. The transit-
time loading experienced with a triode becomes a factor 
of minor importance, and the negative feedback disap-
pears since there is no coupling between the input and 
output cavities. 
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Fig. 2—Curve (1): Efficiency versus frequency for typical uhf tetrode 
—4X150G. (Plate dissipation 150 watts.) 
Curve (2): Efficiency versus frequency for typical uhf triode 
—2C3. (Plate dissipation 100 watts.) 
Curve (.3): Typical efficiency of klystrons versus frequency 
(independent of output power). This is the efficiency at the 
optimum frequency for each tube. 
Curve (4) (dotted): Maximum power output of the largest 
commercially available negative-grid tube at various frequen-
cies. 
Points El cw power output of various klystrons (not the larg-
est possible). 

It is, therefore, apparent that the efficiency and power 
gain of a klystron will fall off relatively slowly, com-
pared with a triode or tetrode, as the wavelength is re-
duced. This is illustrated by the curves in Fig. 2. It is 
also clear that the maximum size and power output of a 
klystron are not determined by the wavelength. It fol-
lows that the klystron is ideally suited to high-power 
generation at uhf and microwave frequencies, and out-
classes the conventional type of tube in every respect, 
including ease of manufacture. 
Turning now to a typical performance obtainable 

from a 3-cavity klystron, the results given by the Eimac 
tube may be taken as representative of this type of 
tube. This tube will generate 5 kw of RF power in the 
uhf television band with an efficiency of more than 30 
per cent when fully driven. The over-all bandwidth is 
about 5 mc and the power gain, under television condi-

tions, is about 20 db. Salient features of operation are 
these: 
The tuning of each of the 3 cavities is independent of 

the others since there is no feedback present. This 
makes for very simple lining-up procedure. 
The output cavity is tuned to resonance at the mid-

band frequency, and loaded for optimum performance 
by means of some variable coupling device external to 
the tube. 

DRIVING POWER 

Fig. 3—Output power versus driving power for klystron. 

A curve of power output against power input for this 
type of tube is a Bessel function of the first order and the 
first kind, and the first part of such a curve is very 
nearly linear. (See Fig. 3.) In television service, assuming 
that sync stretching is used in the driving stages, the 
klystron may be operated in such a way that the sync 
pulses drive the tube very nearly to the peak of the 
Bessel curve, so that the efficiency at sync pulse levels 
is nearly the fully driven efficiency. 

ENVELOPE OF MAX. EFFICIENCIES FOR 
VARIOUS DEGREES OF DETUNING 

MIDDLE CAVITY 
DETUNED TO H F 
SIDE OF RESONANCE • 

MIDDLE CAVITY 
RESONANT 

DRIVING POWER 

Fig. 4—Efficiency versus driving power, showing the effect 
of detuning the middle cavity. 

The center cavity is detuned to a frequency slightly 
higher than the midband frequency, since this gives 
greater efficiency than resonant operation, and helps to 
broaden the pass band. This cavity may be loaded ex-
ternally by resistance in some cases. This detuned opera-
tion requires greater driving power to the first cavity 
than resonant operation. (See Fig. 4.) 
The input cavity may be either detuned on the low-

frequency side of resonance or it may be tuned to 
resonance and loaded with external resistance in order 
to achieve the necessary bandwidth. 
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The relation between efficiency, power output, and 
anode voltage for a given tube is shown at Fig. 5. There 
is an optimum voltage for best efficiency because the 
voltage determines the speed of the electrons along the 
tube. Now a certain time is required for electron bunch-
ing to take place; this depends mainly on the frequency 
and determines the distance between the cavities. But 
this distance will be optimum for only one electron 
speed, and therefore only one voltage. Conversely, for a 
given voltage the relation between efficiency and fre-
quency will also show a broad peak at a given frequency, 
and this fall-off at higher and lower frequencies will limit 
the useful frequency range of a given tube, even if the 
cavities are tunable over an indefinitely wide range. 
The power input from the dc power supply feeding 

the anode of the tube is constant (about 1.5 amps at 13 
kv), and independent of the drive voltage; therefore, 
the regulation of this power supply may be quite poor 
without adverse effects. Also, only simple circuits are 
necessary to reduce the hum to a low level. The filament 
may be heated by ac. 

w. 

ANODE VOLTAGE 

Fig. 5—Power output and efficiency versus anode voltage. 

The magnetic field used for focussing the beam is 
simple to arrange, and relatively low in intensity, and 
consumes only a small amount of dc power in the coils. 
It must be made variable since the efficiency of the tube 
varies fairly rapidly with the field strength and reaches 
a maximum for an optimum setting of the magnetic 
field. The RF cavities, the drift tubes, and the anode 
are all in metallic contact and may be grounded. Thus, 

there is no problem of by-passing and dc isolation in the 
output circuit compared to the by-passing problem 
with a triode or tetrode amplifier. The collector is 
usually insulated from the main part of the tube in order 
to facilitate monitoring of the current division between 
the collector and the drift tubes. The anode voltage sup-
ply is grounded on the positive side, and the negative 
side is connected to the cathode of the tube. 

Considering now the over-all problem of design, con-
struction, installation, and operation of a high-power 
uhf amplifier, and the difference between the problem 
with a conventional type of tube and with a klystron, 
it is evident that the klystron scores heavily in all re-
spects. The burden imposed on the transmitter de-
signer is lessened because the klystron with its cavities 
forms a complete amplifier stage in itself. Because of the 
absence of feedback in the klystron, the circuit design is 
greatly simplified, compared with the conventional am-
plifier design. Also, when using a conventional tube at 
uhf, the designer is usually faced with the very difficult 
problem of obtaining the maximum efficiency from a 
stage in which the tube is run to its limit, and only by 
very careful design can the desired performance be ob-
tained from it. With klystrons, on the other hand, the 
problem is easier because there is usually a greater 
margin of performance, both in respect to output and 
power gain. Also, the construction of a klystron stage is 
simpler than the conventional stage, and, as we have 
seen, the operation is also simpler. 

Fig. 1 shows the more or less conventional type of 
klystron construction involving integral cavities, 
namely, cavities which are an integral part of the 
vacuum system. A unique feature of the Eimac tube, 
hereinafter described, is that part of the cavities are 
external to the tube envelope so that simple mechanical 
tuning of the cavities over a wider band of frequencies 
is possible. The tube itself is also simplified. 

C. A Practical Example: Eimac UHF Klystron for TV 

The photograph in Fig. 6 shows the Eimac uhf klys-
tron, an example of a 3-cavity klystron in a form suit-
able for commercial manufacture, and now in produc-

Fig. 6—The Eimac 5-kw uhf klystron for TV. 
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tion. Tube-cavity parts and drift-tube sections are 
shown in Fig. 7. Fig. 8 shows the tube and external 
cavities in a test setup. 

Fig. 7—Tube cavity parts and drift tube sections. 

Fig. 8—The 5-kw klystron on test. 

A feature of interest is the use of cavities which are 
tunable by means external to the vacuum system. This 
is made possible by use of ceramic "windows" which, if 
designed and fabricated correctly, will produce only a 
minor deterioration in the over-all performance of the 
tube because of their finite dielectric loss and high 
dielectric constant. 

This means that part of each cavity is in vacuo and 
part is in air. The convenience of operating a tube of 
this type, compared with a tube in which the cavities 

are entirely in vacuo, is considerable. In the first place, 
the mechanism for .yarying the resonant frequency is 
simple and may involve straightforward shorting bars 
with sliding contacts with negligible losses. These 
slidable devices are outside the vacuum system, as 
shown in Fig. 8. The tuning range of such a cavity is 
large. With a totally evacuated cavity it has not yet 
been found possible to use such a means of tuning, be-
cause sliding contacts in vacuo are generally unsatis-
factory. Therefore, tuning has to be done by distortion 
of some flexible metallic membrane. Such a membrane 
introduces mechanical weaknesses into the tube struc-
ture which then has to be stiffened by an external frame. 
Also, the range of tuning is relatively small, and usually 
the tuning is done by varying the gap spacing, and 
therefore, its capacitance. This can be done only to a 
limited extent. If the gap is made too wide, the elec-
tron transit time will become an appreciable fraction 
of 1 RF cycle, causing inefficiency; on the other hand, 
if the gap is too small, the bandwidth will suffer (band-
width varies roughly as 1/c). With a ceramic window 
cavity the tuning is done by varying the inductance of 
the cavity, the capacitance across the gap is fixed, and 
the gap can be set for optimum performance over the 
frequency band. 

Another point of difference is that the mechanical 
forces required to tune a cavity by means external to 
the vacuum system are small, being determined only 
by friction, whereas with the other type of cavity the 
tuning mechanism has to withstand the forces caused by 
the operation of atmospheric pressure against the 
flexible metallic membrane. 

Fig. 9—Output cavity with one tuning plunger removed, showing 
ceramic and output coupling device. 

Another desirable feature obtained with the ceramic 
windows is that the loading of the cavity may be ac-
complished outside the vacuum system, either by loops 
or a waveguide-to-cavity loading device, such as a 
quarter-wave transformer made from ridge waveguide. 
(See photograph of output cavity, Fig. 9.) The coupling 
may, therefore, be varied with ease. With a totally 
evacuated cavity it is very inconvenient to build in a 
variable load coupling, and it is common practice to use 
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a fixed loop; thus the benefit of variable coupling is lost. 
Lastly, because of the relatively large frequency band 

that can be covered by a given klystron with ceramic 
windows, a smaller number of tube designs is required 
to cover a given frequency band, such as the uhf TV 
band. This simplifies the manufacturing problem and 
reduces the cost of the tube. 
Another feature of interest is the use of a tantalum 

cathode heated by electron bombardment from a tung-
sten filament of relatively small size by means of a dc 
power supply (0.6 amps. at 2,000 volts) between the 
cathode and the filament. This constitutes a flexible 
system, and is much simpler to design and construct 
than a radiation-heated cathode. 

CONCLUSIONS 

The 3-cavity externally tunable klystron is excel-
lently suited to high-power generation at uhf (and also 
at higher frequencies) because 

1. it is relatively simple to manufacture, 
2. it is easy to use and adjust, 
3. the transmitter design and construction is simpli-

fied by its use, 
4. its performance as an amplifier is greatly superior 

to other tube types. 

It is likely that the future will see more and more such 
tubes in commercial service for an increasing variety of 
applications. 

Reproduced from the PROCEEDINGS OF THE INSTITUTE OF RADIO ENGINEERS 

VOL. 41, NO. 1, JANUARY, 1953 

NOTE 

The appended reprint from the PROCEEDINGS OF THE INSTITUTE OF RADIO ENGINEERS 
describes early experimental klystron structures. 



TENTATIVE DATA 

El TEL-McCULLOU GI-I, INC. 
SAN BRUNO, CALIFORNIA 

3K50,000LA 
3K50,000LF 
3K50,0001.1( 
KLYSTRONS 

• 

L-BAND 
AMPLIFIERS 

The Eimac 3K50,000LA, 3K50,000LF and 3K50,000LK klystrons are three 
cavity, magnetically focused power amplifiers intended primarily for UHF 
television broadcast service. Each klystron type, operating as a television visual 
r-f amplifier, will deliver 12 kW of peak synchronizing power output with a 
power gain of approximately 20 db. The cavities of the Eimac UHF television 
klystrons have ceramic windows and are completed by tuning boxes external 
to the tubes. 

NOMINAL TUNING RANGE 
The UHF television band (470-890 Mc) is covered by the three tube types as follows: 

TUBE TYPE NUMBER 
3K50,000LA 
3K50,000LF 
3 K50,000LK 

MC. 
470-580 
580-720 
720-890 

CHANNEL 
14-32 
33-55 
56-83 

GENERAL CHARACTERISTICS 

MECHANICAL 
Mounting (See Outline Drawing) 

Support from Mounting Flange 
  Axis Vertical 

Wafer & Forced Air 
Mounting Position 
Cooling   
Connections: 

Filament 
Cathode 

Flexible Leads 
Cylindrical Strap 

Focus Electrode - - - Cylindrical Strap 
Cavities - - Multiple Contact Fingers 
Collector   Cylindrical Strap 

Klystron Type 
Maximum Overall Dimensions: 

Length - - - - 
Diameter - 

Net Weight 53 48 
Shipping Weight 185 175 

"A" 

54 49 
51/4  51/4  

45 inches 
51/4  inches 
46 pounds 
170 pounds 

ELECTRICAL 
Filament: Pure Tungsten 
Voltage -----9.0 volts 
Current (with cathode cold) - 42 amperes 
Current (with cathode at 

operating temperature) - - - 39 amperes 
Maximum Allowable Short Circuit Current 

of Filament Current Source - - 84 amperes 
Cathode: Unipotential: heated by electron bombardment 
MAXIMUM CATHODE RATINGS 
DC VOLTAGE - - - - 2300 MAX. VOLTS 
DC CURRENT .75 MAX. AMPERES 
DC POWER - 1600 MAX. WATTS 

Focus Electrode 
*Voltage (with respect to cathode) - O to —500 volts 

Magnetic Field: Axial (See Magnetic Circuit Schematic) 
Field Strength (approximately) - - - - 120 gauss 

May be varied over a range of 0 to —500 volts if beam current 
control is desired. 

ULTRA HIGH FREQUENCY POWER AMPLIFIER 
MAXIMUM RATINGS 

DC BEAM VOLTAGE   19.5 MAX. KILOVOLTS 
DC BEAM CURRENT   2.56 MAX. AMPERES 
COLLECTOR DISSIPATION   50.0 MAX. KILOWATTS 

Note: Maximum beam voltage and beam current should not be applied without r-f excitation. 

TYPICAL OPERATION 
RF Linear Amplifier—Television Visual Service (In accordance 

with United States Federal Communi-
cations Commission Standards) 

DC Cathode Bombarding Power - - 1400 watts 
DC Cathode Bombarding Voltage 

(approximately) - - - 2100 volts 
DC Cathode Bombarding Current 

(approximately) - - - .66 amperes 
DC Focus Electrode Voltage - 0 volts 
DC Beam Voltage - - 17.2 kilovolts 
DC Beam Current 2.15 amperes 
DC Collector Current (approximately)' 1.72 amperes 

Peak Synchronizing Level (80% of saturation power) 
Driving Power (approximately)' - - 55 watts 
Power Output 12.0 kilowatts 
Efficiency   41 percent 

Black Level 
Collector Dissipation (approximately)'- 30 kilowatts 
Driving Power (approximately)' - - 33 watts 
Power Output 7.2 kilowatts 
Efficiency   19 percent 

RF Amplifier—Television Aural Service 

DC Cathode Bombarding Power - 1400 watts 

DC Cathode Bombarding Voltage 2100 volts 

DC Cathode Bombarding Current .66 amperes 

DC Focus Electrode Voltage 0 volts 

DC Beam Voltage - 12.3 kilovolts 

DC Beam Current - 1.33 amperes 

DC Collector Current' 1.06 amperes 

Driving Power' - - - 20 watts 

Collector Dissipation (approximately)'- 10 kilowatts 

Power Output 6 kilowatts 

Efficiency   36 percent 

'Minor tube-to-tube variations may be expected. 

'Total driving power includes losses inserted for broadband opera-
tion. The output power is useful power measured in a load circuit. 

,The driving power is the total power required by the tube and a 
resonant circuit. 

(Effective 817-53) Copyright 1953 by Eitel-McCullough, Inc. 
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APPLICATION 
Mounting—The klystrons are provided with a mounting 
flange (See Outline Drawing) which may be used to 
support the tubes with either end up. 

Filament Operation—For maximum tube life, the pure 
tungsten filament should be operated just above the 
emission limiting temperature. This temperature will be 
obtained with a filament voltage, as measured directly 
at the terminals, of approximately 9 volts. 

Cathode Heating Power—The cathode is unipoten-
tial and heated by electron bombardment. A dc potential 
of approximately 2100 volts is applied between the fila-
ment and the cathode; and the recommended cathode 
heating power of 1400 watts is obtained with approxi-
mately .66 amperes. The filament is designed to operate 
under space-charge limited conditions. Cathode tempera-
ture is varied by changing the bombarding potential 
between the filament and the cathode. 

Cooling—Forced air is used to cool the Electron Gun 
Structure and the Middle and Output Cavities. Only 
clean, well filtered air should be blown on the tube to 
avoid voltage breakdown due to dust accumulation. The 
temperature of the metal in the region of the metal-to-
glass seals should not exceed 150°C. Tube temperatures 
may be measured with a temperature-sensitive paint, 
such as "Tempilaq”, manufactured by the Tempil Cor-
poration, 132 West 22nd Street, New York 11, N. Y. 
Water is used to cool the Drift Tubes and the Col-

lector Assembly. The cooling water should be of suffi-
cient purity to prevent liming of the water system, and 
the use of a heat exchanger is recommended. The inlet 
water pressure of the Drift Tubes and the Collector 
Assembly should not exceed 50 pounds per square inch. 
The outlet water temperature must not exceed a maxi-
mum of 70°C. under any condition. 

Air and water flow should be started before the fila-
ment and cathode power are applied and maintained for 
at least two minutes after the filament and cathode 
power have been removed. 

Klystron Cooling Requirements for Typical Operating 
Conditions and Correct Magnetic Field Adjustment: 

Cooling Pressure 
Medium Volume Drop Remarks 

Input Drift Tube - - 

Short Drift Tube Jacket 

Long Drift Tube Jacket 

Output Drift Tube - 

Collector Assembly - 

Electron 
Gun 
Structure 

Input Cavity - 

Center Cavity 

Output Cavity 
*Cooling water connections should be made as noted on Cooling Diagram. 

RF Contact Surfaces—The means by which contact is 
made between the cavities and the tuning boxes is of 

*Water I gpm 1 psi 

*Water 1 gpm 1 psi 

*Water I gpm I psi 

*Water 1 gpm I psi 
tubing= 

*Water 15 gpm 3 Ps' 4 psi. 

Filament Stem - Air 1-2 cfm 
Cathode Terminal - Air 90 cfm 
Focus Electrode 
and Anode Seals - Air 90 cfm 

- - - None 

- Air 15 cfm 

- - Air 50 cfm 

Total 
pr.  
drop if 
series 
connected 
with 5/16" 

See 
Cooling 
Diagram 

great importance. Two requirements which must be met 
to ensure proper electrical connections are as follows: 

(1) Contact to the tube cavities must be made only on 
the peripheral surface of the 1/4 " cavity flanges as 
shown on the outline drawing. 

(2) Each individual finger of the collet or spring stock 
material must make positive contact to the cavity flange 
to prevent arcing. 

Magnetic Field—An adjustable magnetic field is nec-
essary to control and direct the beam throughout the 
length of the drift tube. The magnetic field should be 
capable of variation around the recommended field 
strength of 120 gauss. Typical magnetic circuit require-
ments for a 3K50,000LK are shown in the Magnetic 
Circuit Schematic. The current and adjustsment of the 
pre-focusing coil are optimized under low beam voltage 
conditions and will require minor readjustment with 
changes in beam voltage. The current and location of 
the focusing coils should be capable of independent ad-
justment. Readjustment of the current of the focusing 
coils is necessary with changes in beam voltage. Beam 
transmission (collector current divided by the beam 
current as measured in the cathode return to beam power 
supply) will vary from 75% to 95%. Improper adjust-
ment or misalignment of the magnetic field, as indicated 
by too low a value of beam transmission, may cause the 
beam to strike and overheat the drift tube walls. 

Tube Type 

3 K50,000LA 
3 K50,000LF 
3K50,000LK 

MAGNETIC FIELD COIL REQUIREMENTS 

Number of Coils Required for 
Field Strength of Approximately 

- 120 Gauss. 

Pre-focusing 
Coil 

375-750 
ampere-turns 
per coil 1 

Focusing Coils 

1600-4800 
ampere-turns 
per coil 

3 

0-1600 
ampere-turns 
per coil 

1 3 1 
2 

CAUTION—It is convenient to operate the r-f and 
collector portions of the tube at ground potential. Since 
the cathode and filament are operated at high negative 
potentials with respect to ground, filament and cathode 
power supplies and voltmeters must be adequately insu-
lated for these high voltages. Protection must also be 
afforded to operating personnel. 

Protection—It is recommended that the following pro-
tective devices be used: 

(I) 
(2) 

(3) 

(4) 

(5) 
(6) Current limiting resistor of approximately 100 ohms in 

series with beam power supply to isolate tube from 
final capacitor of supply. 

The filament and cathode bombardment voltages will 
normally be applied before the beam voltage. Cavity 
tuning or magnetic field adjustment should be made 
with reduced beam voltage (1/2 to 2/3 normal). Slight 
retuning and readjustment will be necessary when beam 
voltage is raised to full value. 

Interlocks in air and water supplies. 

Interlocks in magnetic field supply circuits. 

Current overload in cathode bombardment supply 
circuit. 

Current overload in beam current supply circuit. 

Current overload in cavity current circuit. 

Page Two . 



IMPERIAL FLEX FITTINGS" FOR 

1 OD. TUBING. 
ALL OTHERS ARE ''IMPERIAL 

FLEX FITTINGS' FOR 110.D. 
TUBING. 

OUTPUT END VIEW 

ABCDE 

3K50,000 LA 531 31+ 6 4i 21 

3K50,000 LF 481 261 5 31 2 

3K50,000 LK 441 221 4 34 11 

- 

K50,000LA 
3K50,000LF 
3K50,000LK 

 0:1X1:0 

_ 

DIA.* 

\-COLLECTOR COOLER 

ii 54 DIA. 
 ,_,A- MOUNTING FLANGE 

I *ill. 
o 

-le 

fe.,\ 

*4, 

*LI* 

3* MA. 

 OUTPUT CAVITY 

▪ DIA.* 

 34 DIA. 

• DIA.* 

  MIDDLE CAVITY 

;;\ /es\ 
\s",/ 

nrg 
an 

<TA* 
rnIcn 

51 DIA.* 

34 DIA. 

DIA.* 

INPUT CAVITY 

51 DIA * 

DIA. 

41 DIA. 

ANODE 

44 DIA. 

44 DIA. 

31 DIA* 

FOCUS ELECTRODE 

 2 DIA* 
s— CATHODE 

 + DIA. HOLES 

 FILAMENT LEADS 

DIMENSIONS IN INCHES *CONTACT SURFACE 
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0.. 1 .100.000LA 
 00.000000. 3K50.000LF 

3K50.000LK 

OUTPUT CAVITY ---
AIR COOLING II= 

(p)  

MIDDLE CAVITY ---
AIR COOLING = 

f.•,›N 
\sfy 

INPUT CAVITY--
AIR COOLING NOT REQUIRED 

e  

WATER OUT *} COLLECTOR 
WATER IN * COOLING 

GLASS ENVELOPE AND SEAL // de  
AIR COOLINGt /   

/ I 

/1 \ 
/ // d .fe  1 . , 1 \\ 

 \\\ 

CATHODE TERMINAL t / / /1 \\\ 
AIR COOLING, , t f,' 

/ 

FILAMENT STEM 
AIR COOLINGr 

t THIS COOLING MAY BE SUPPLIED 
BY A SINGLE BLOWER THROUGH 
SUITABLE MANIFOLD O BAFFLES 

\\ 

WATER OUT*} OUTPUT DRIFT 
WATER IN* TUBE COOLING 

WATER OUT';‘ 

WATER IN* 

DRIFT TUBE 
COOLING 

WATER OUT* 

WATER IN* 

WATER OUT*} INPUT DRIFT 
WATER IN* TUBE COOLING 

* WATER CONNECTIONS ARE MADE AS SHOWN 
WHEN TUBE IS MOUNTED WITH COLLECTOR UP 
WHEN TUBE IS MOUNTED WITH ANODE UP THE 
WATER CONNECTIONS MUST BE REVERSED. 
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0-1600 
AMPERE TURNS 

1600 TO 4800 
AMPERE TURNS 

1600 TO 4800 
AMPERE TURNS 

• ' 3K50.000LA 
3K50,000LF 
3K50.000LK 

375 TO 
AMPERE TURNS 

IRON 

41.;\ 

li 

MAGNETIC CIRCUIT SCHEMATIC FOR 31(50.000LK 
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Look in the front pages for--

triodes 

• 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" 

Application Engineering. 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. 

Field Engineering. 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. 



2C39 
HIGH-MU TRIODE 

EITE L-Mc CUL LO U G I-1, INC. 
SAN BRUNO, CALIFORNIA 

Supersedes 
Types 

2C38 - 2C39 

The Eimac 2C39A is a high-mu UHF transmitting triode with a plate-dissipation rating of 100 
watts, designed for use as a power amplifier, oscillator, or frequency multiplier at frequencies to 
above 2500 Mc. The rugged construction, small size and unusually high transconductance of this tube 
make it ideal for compact fixed or mobile equipment. Its physical characteristics are particularly suit-
able for grid-isolation circuits and for cavity-type circuits. 

The 2C39A in a class-C r-f grid-isolation circuit at 500 Mc. will deliver up to 27 watts useful 
power output with 6 watts driving power. As an r-f oscillator a+ 2500 Mc., the 2C39A will deliver a 
minimum of 12 watts useful power output. 

GENERAL CHARACTERISTICS 

ELECTRICAL 
Cathode: Coated Unipotential 

Heater Voltage' -- --
Heater Current - - - - --- - 

Amplification Factor (Average) - - - --
Direct Interelectrode Capacitances (Average) 

Grid-Plate - - 
Grid-Cathode --------

Plate-Cathode - - - - - ---
Transconductance (I,=70ma., Eb = 600V.) - - - - 
Highest Frequency for Maximum Ratings 

'See "Application". 

MECHANICAL 
Base, Socket and Connections 

Mounting Position - - 

Cooling   
Maximum Temperature of Anode, Grid, Cathode and Heater Seals 
Maximum Overall Dimensions: 

Length 
Diameter 

Net Weight   
Shipping Weight (Average) 

6.3 volts 
- 1.0 ampere 

100 

1.95 Kilf 

6.50 pp.f 
- 0.035 p.,uf max. 

22,000 µmhos 

- 2500 Mc. 

  See drawing 
- Any 

Forced air 

and Anode Cooler Core - I75°C 

2.75 inches 
1.26 inches 

2.8 ounces 
7 ounces 

RADIO-FREQUENCY POWER AMPLIFIER, 
OSCILLATOR OR MODULATOR 
MAXIMUM RATINGS (Per tube) 

D-C PLATE VOLTAGE 
D-C CATHODE CURRENT 
D-C GRID VOLTAGE 
D-C GRID CURRENT 
HEATER VOLTAGE   
INSTANTANEOUS PEAK POSITIVE 

GRID VOLTAGE 
INSTANTANEOUS PEAK NEGATIVE 

GRID VOLTAGE 
PLATE DISSIPATION 
GRID DISSIPATION 

1000 MAX. VOLTS 
125 MAX. MA 

  —ISO MAX. VOLTS 
50 MAX. MA 

SEE APPLICATION NOTES 

30 MAX. VOLTS 

400 MAX. VOLTS 
100 MAX. WATTS 
2 MAX. WATTS 

TYPICAL OPERATION (Key-down conditions, per tube) 
(Power-Amplifier Grid-Isolation Circuit, CW Operation, 500 Mc.) 
D-C Plate Voltage   
D-C Grid Voltage 
D-C Plate Current 
D-C Grid Current 
Driving Power (approx.)' 
Useful Power Output - 

TYPICAL OPERATION 
(R-F Oscillator, 2500 Mc )2 
D-C Plate Voltage   
D-C Grid Voltage 
D-C Plate Current   
D-C Grid Current 
Useful Power Output 

------

800 volts 
—20 volts 
80 ma 
32 ma 
6 watts 
27 watts 

900 volts 
—22 volts 
90 ma 
27 ma 
12 watts 

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

D-C PLATE VOLTAGE , 
D-C GRID VOLTAGE 
D-C GRID CURRENT   
D-C CATHODE CURRENT   
PEAK INSTANTANEOUS POSITIVE 

GRID VOLTAGE   
PEAK INSTANTANEOUS NEGATIVE 

GRID VOLTAGE   
PLATE DISSIPATION   
GRID DISSIPATION   

600 MAX. VOLTS 
—150 MAX. VOLTS 

50 MAX. MA 
100 MAX. MA 

30 MAX. VOLTS 

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

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

D-C Plate Voltage   

D-C Grid Voltage 

D-C Plate Current   

D-C Grid Current 

Driving Power (approx.) , 

Useful Carrier Power Output 

600 volts 

16 volts 

75 ma 

40 ma 

6 watts 

18 watts 

'Driving power listed is the total power which must be supplied to a practical grid circuit at the frequency shown. pe 'These 2500-Mc, conditions conform to the minimum requirements of the JAN -IA specifications for the 2C39A. 
'For less than 100% modulation, higher d-c plate voltage may be used if the sum of the peak positive modulating voltage and the d-c plate voltage does 
not exceed 1200 volts. 

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

Effective 6-2-52) Copyright 1952 by Eitel-McCullough, Inc. Indicates change from sheet dated 6-I5-5I 



9C39A  2C39A 

APPLICATION 

MECHANICAL 

Mounting—The 2C39A may be operated in any 

position. It should seat against the "anode flange" 

(see outline drawing), and any clamping action 

intended to hold the tube in its socket against 

vibration should also be applied to this flange. 

No seating or clamping pressure should be exerted 

against any other surface. 

Connections—The tube terminals are in the form 

of concentric cylinders having graduated dia-

meters, as illustrated in the outline drawing. Spring 

collets or fingers should be fitted to these cylindri-

cal surfaces to make contact with the anode, grid, 

cathode and heater terminals. It is important to 

maintain good electrical contact by keeping these 

surfaces clean and by providing adequate contact 

area and spring pressure. 

Cooling—Forced air must be supplied to the 

anode, grid, cathode and heater seals and to the 

anode cooler core in sufficient quantities to limit 

their temperatures to I 75°C. A convenient access-

ory for the measurement of tube temperatures is 
"Tempilaq", a temperature-sensitive lacquer manu-

factured by the Tempil Corporation, 132 West 

22nd St., New York II, N. Y. 

A suitable arrangement for an anode cooling 

cowl is shown in conjunction with the outline draw-

ing. For operation at maximum rated dissipation, 

an air flow through this cowling of 12.5 cubic feet 

per minute is recommended; less cooling air may 

be used at low plate dissipations, provided only 

that seal and anode cooler core temperatures are 

not allowed to exceed 175°C. 

At ambient temperatures greater than 25°C., 

or at altitudes higher than sea level, more air will 

be required to accomplish equivalent cooling. Fur-

ther information on this subject is contained in an 

article by A. G. Nekut, "Blower Selection for 

Forced-Air Cooled Tubes", Electronics, August, 

I 950. 

ELECTRICAL 

Heater Voltage—The heater of the 2C39A is de-

signed to be operated at 6.3 volts, with variations 

held within the range of 5.7 to 6.9 volts. This oper-

ating voltage is particularly recommended for 

pulse applications requiring in excess of 3.0 am-

peres of peak cathode current. 

Tube life may be materially increased by oper-

ation of the heater at 5.3 volts, with variations 

held within the range of 4.8 to 5.8 volts. This oper-

ating voltage should be used whenever the peak 

cathode current is not required to exceed 3.0 

amperes, and whenever transit-time effects contri-

bute back heating to the cathode. Back heating is 

a function of frequency, grid bias and excitation 

(grid current), load impedance, power output and 

circuit design and adjustment. 

Cavity Circuits—Information regarding the design 

of cavities suitable for the 2C39A is widely avail-

able. One source is the material on cavity design 

for the 2C38 and 2C39 contained in "Very High 

Frequency Techniques", Radio Research Labora-

tory Staff, McGraw-Hill Co., 1947, Vol. I, Chapter 

15, pp. 337-375. 

Operation—Low-voltage, high-current operation is 

preferable to high-voltage, low-current operation, 

from the standpoint of optimum tube life. 

An excellent indication of operating conditions 

is the ratio of grid current to plate current; when 

the 2C39A is operated with grid-current values 

greater than half those of the plate cuiTent, either 

the drive is excessive or the plate loading is too 

light for the excitation present. The tube should 

never be operated without a load, or lightly loaded, 

even for short periods of time, and drive should be 

held to the lowest value consistent with reasonable 

efficiency. 

When grid-leak bias is used, suitable means 

must be provided to protect the tube against loss 

of excitation at plate voltages in excess of 800 

volts, and the grid-leak resistor should be made 

variable to facilitate maintaining the bias voltage 

and plate current at the desired values when tubes 

are changed in the equipment. 

Indicates change from sheet dated 6-15-51 
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2C39A EFFICIENCY 

CLASS "C' POWER AMPLIFIER 

so 

PULSED 

40 

%
 E
FF
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IE
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Y 

30 

30 

IO 

SOO 1000 1500 

FREQUENCY - MC. 

2000 2500 3000 

275 

.766+060 
-.030 

I *DIA. 

MIN. 

.469 * .010F 
MAX. 

t 

I" MAX. Í.334 MIN. 

1.350 ± .020 NOM. 

1.1871.012 DIA1  

1.031+:Con DIA.  
\-àft MAX. 

t---h R MAX. 

H- NOM. DIA.-1 

*.I87:MIN. à MAXI —660i 008 DI 

.490.015 
.3562.015 

.400 MIN. / .285 MIN. 

HEATER CONNECTION 

DIMENSIONS 
IN INCHES 

* CLEAN 6 SMOOTH AREA  
AVAILABLE FOR CONTACT 

MAX. 

COOLER 

ANODE FLANGE 

ANODE R - F  
CONNECTION  

GRID R-F  
CONNECTION 

CATHODE R-F AND HEATER 
CONNECTION  

 218 * .005 I.D. 
 .320* .008 DIA. 

AIR FROM 
BLOWER 

RECOMMENDED COWLING 
FOR 

FORCED-AIR COOLING 
OF ANODE  

Indicates change from sheet dated 6-15-51 Printed in U. S. A. 5-A2-64814 



3 C 2 4 
MEDIUM-MU TRIODE 

El TEL-McCULLO UGH, INC. 
SAN BRUNO, CALIFORNIA 

The Eimac 3C24 is a medium-mu, power triode intended for use as an amplifier, oscillator or 
modulator. It has a maximum plate dissipation rating of 25 watts and can be operated at its maximum 
ratings at frequencies up to 60 megacycles. 

The 3C24 is cooled by radiation from the plate and by air circulation around the envelope. 
The plate operates at a visible red color at maximum rated dissipation. 

This tube is identical to the 25T except that the grid terminal is located at the side of the 
envelope instead of the base. 

GENERAL CHARACTERISTICS 
ELECTRICAL 

Filament: Thoriated tungsten 

Voltage 
Current 

Amplification Factor (Average) 

Direct Interelectrode Capacitances (Average) 

Grid-Plate 

Grid-Filament   

Plate-Filament   

Transconductance (ib=25 ma., Eb=1000 y.) 
Frequency for Maximum Ratings - 

MECHANICAL 
Base - - - 
Basing - Fits E. F. Johnson Co. No. 122-224, 

Mounting   

Cooling ----
Recommended Heat Dissipating Connector: 

Plate 

Grid 

6.3 volts 
3.0 amperes 
  24 

1.6 pitf 
1.7 A g( 

0.2 itp.f 

2500 mhos 

- 60 Mc. 

- UX Small 4-pin 
National Co. No. XC-4 or CIR-4, or equivalent socket 

Vertical, base down or up 

Convection and Radiation 

MODULATOR 

OSCILLATOR 

AMPLIFIER 

Maximum Over-all Dimensions: 
Length 

Diameter 

Net Weight   

Shipping Weight (Average) 

HR-I 
HR-I 

4.38 inches 

1.44 inches 
1.5 ounces 
1.0 pound 

AUDIO FREQUENCY POWER AMPLIFIER 
AND MODULATOR 
Class-B and AB 

MAXIMUM RATINGS, PER TUBE 

D-C PLATE VOLTAGE - - - 

MAX-SIGNAL D-C PLATE CURRENT 

PLATE DISSIPATION   

GRID DISSIPATION 

2000 MAX. VOLTS 

75 MAX. MA. 

25 MAX. WATTS 

7 MAX. WATTS 

TYPICAL OPERATION, CLASS AB 2 
Sinusoidal wave, two tubes unless otherwise specified 
D•C Plate Voltage - - - - - 750 
D-C Grid Voltage (approx.)' - - - —20 
Zero-Signal D-C Plate Current - - 43 
Max-Signal D-C Plate Current - - 127 
Effective Load, Plate-to-Plate - ' • 12,000 
Peak A-F Grid Input Voltage (per tabe) 110 
Max-Signal Peak Driving Power - • 5.5 
Max-Signal Nominal Driving Power 

(approx.) ------2.8 
Max-Signal Plate Power Output - - 60 
'Adjust to give stated zero-signal plate current. 

1000 
—30 

32 
127 

17,000 
120 
6.0 

1250 Volts 
—42 Volts 

24 Ma. 
130 Ma. 

21,400 Ohms 
135 Volts 
6.8 Watts 

3.0 3.4 Watts 
85 112 Watts 

PLATE MODULATED RADIO 
FREQUENCY AMPLIFIER 
Class•C Telephony (Carrier conditions, per tube) 

MAXIMUM RATINGS 

D-C PLATE VOLTAGE 

D-C PLATE CURRENT 

PLATE DISSIPATION   

GRID DISSIPATION   

1600 MAX. VOLTS 

60 MAX. MA. 

17 MAX. WATTS 

7 MAX. WATTS 

TYPICAL OPERATION 
D-C Plate Voltage   
D-C Plate Current 
D-C Grid Voltage 
D-C Grid Current 
Peak R-F Grid Input Voltage - 
Driving Power   
Grid Dissipation 
Plate Power Input 
Plate Dissipation 13 
Plate Power Output   47 

The above figures show actual measured tube 
allow for variations in circuit losses. 

1000 1250 1600 Volts 
60 60 53 Ma. 

—120 —140 —170 Volts 
14 13 II Ma. 

235 255 280 Volts 
3.3 3.3 3.1 Watts 
1.6 1.5 1.2 Watts 
60 75 85 Watts 

15 17 Watts 
60 68 Watts 

performance and do not 

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

MAXIMUM RATINGS 

D-C PLATE VOLTAGE 

D-C PLATE CURRENT 

PLATE DISSIPATION   

GRID DISSIPATION   

2000 MAX. VOLTS 

75 MAX. MA. 

25 MAX. WATTS 

7 MAX. WATTS 

(Effective II-1-51) Copyright 1951 by Eitel-McCullough, Inc. 

TYPICAL OPERATION 
D-C Plate Voltage   
D-C Plate Current 
D-C Grid Voltage 
D-C Grid Current 
Peak R-F Grid Input Voltage - 170 195 245 Volts 
Driving Power   1.3 2.2 4.0 Watts 
Grid Dissipation .9 1.3 2.1 Watts 
Plate Power Input 72 100 125 Watts 
Plate Dissipation 25 25 25 Watts 
Plate Power Output   47 75 100 Watts 

The above figures show actual measured tube performance and do not 
allow for variations in circuit losses. 

I> Indicates change from sheet dated 8-15-44. 

1000 1500 2000 Volts 
72 67 63 Ma. 

—70 —95 —130 Volts 
9 13 18 Ma. 
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DRIVING POWER vs. POWER OUTPUT 

• 

The three charts on this page show 

the relationship of plate efficiency, 

power output and grid driving power 

at plate voltages of 1000, 1500 and 

2000 volts. These charts show com-

bined grid and bias losses only. The 

driving power and power output fig-

ures do not include circuit losses. The 

plate dissipation in watts is indicated 

by Pp. 

Points A, B, and C are identical to the 

typical Class C operating conditions 

shown on the first page under 1000, 

1500, and 2000 volts respectively. 
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.048 ±.003 1- MIN. 

PLATE  

21 3 8- 16 

GRID 
I 7 

3 9_ 3_ 
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16 
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MAX7 

SMALL 4  
PIN BASE  

31- I 
16- 8 

FILAMENT FILAMENT 

N 

BOTTOM VIEW 

N 
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Indicates change from sheet dated 8-15-44. 



Amplification Factor (Average) 

Direct Interelectrode Capacitances (Average) 
Grid-Plate - - - - - 
Grid-Filament - - 
Plate-Filament - - 

Transconductance (ib=830 ma., Eb=3000v.)   
Frequency for Maximum Ratings 

MECHANICAL 
Base see drawing 

Mounting --- Vertical, base down or up 

Maximum Overall Dimensions: 
Length   12.56 inches 
Diameter   3.63 inches 

Net Weight   3.5 pounds 
Shipping Weight (Average) - 15 pounds 

Cooling   Water and Forced Air 

The water-cooled anode requires one gallon of cooling water per minute for the rated plate dissipation of 5 kilowatts. The 
outlet water temperature must not exceed a maximum of 70°C. under any conditions. The inlet water pressure must not exceed 
a maximum of 60 pounds per square inch. The pressure drop across the anode is negligible compared to the drop in the 
associated piping. 

The grid-terminal contact surface and adjacent glass must be cooled by forced air. The quantity, velocity and direction must 
be adjusted to limit the maximum seal temperature to 150°C. 

The filament stem structure also requires forced-air cooling. A minimum of 6 cubic feet per minute must be directed into the 
space between the inner and outer filament contacting surfaces. 

Air and water flow must be started before filament power is a pplied and maintained for at least five minutes after the fila-
ment power has been removed. 

EITEL-McCULLOUGk, INC. 
SAN BRUNO, CALIFORNIA 

The Eimac 3W5000A3 is a water-cooled, medium-mu transmitting triode with a maximum plate dissipation 
rating of 5000 watts. Relatively high power-output as an oscillator, amplifier or modulator may be obtained from 
this tube at low plate voltages. A single tube will deliver a radio frequency output of 7500 watts at 4000 volts 
at frequencies up to 110 Mc. 

The tube has a rugged, low-inductance cylindrical filament-stem structure, which readily becomes a part 
of a linear filament-tank circuit for VHF operation. The grid provides thorough shielding between the input and 
output circuits for grounded-grid applications and is conveniently terminated in a ring between the plate and 
filament terminals. 

NOTE: THE 3W5000A3 IS A WATER-COOLED VERSION OF THE AIR-COOLED 3X2500A3. 

The plate dissipation of the 3W5000A3 is 5000 watts. Other ratings are the same as for the 3X2500A3 
tube type. 

The 3W5000A3 should be used where water cooling is preferred and for industrial applications or installa-
tions where reserve anode dissipation is desired. 

GENERAL CHARACTERISTICS 

ELECTRICAL 
Filament: Thoriated tungsten 

Voltage -- - 7.5 volts 
Current   51 amperes 

20 

31115000A 
MEDIUM MU TRIODE 

20 µ.µ.f 
36 1.t.i.xf 
1.2 juid 

20,000 umhos 
- - 75 Mc. 

RADIO FREQUENCY POWER AMPLIFIER 
OR OSCILLATOR 
(Conventional Neutralized Amplifier—Frequencies below 75 Mc.) 

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

MAXIMUM RATINGS 

D-C PLATE VOLTAGE - 

D-C PLATE CURRENT - 

PLATE DISSIPATION - 

GRID DISSIPATION* - 

6000 MAX. VOLTS 

2.5 MAX. AMPS 

5000 MAX. WATTS 

150 MAX. WATTS 

TYPICAL OPERATION 

D-C Plate Voltage 
D-C Plate Current 
D-C Grid Voltage 
D-C Grid Current - - 
Peak R-F Grid Input Voltage 
Driving Power (approx.) - 
Grid Dissipation - - - 
Plate Power Input - - 
Plate Dissipation - - 
Plate Power Output - - 
*See application notes 

(Frequencies below 75 Mc., per tube) 

4000 5000 6000 Volts 
2.5 2.5 2.08 Amps 

—300 —450 —500 Volts 
245 265 180 Ma. 
580 750 765 Volts 
142 197 136 Watts 
68 78 46 Watts 

10,000 12,500 12,500 Watts 
2500 2500 2500 Watts 
7500 10,000 10,000 Watts 

(Effective 8-23-53) Copyright, 1953 by Eifel-McCullough. Inc. 



D-C PLATE VOLTAGE - - 
D-C PLATE CURRENT - 
D-C GRID CURRENT* 
PLATE DISSIPATION - 
GRID DISSIPATION* - 
*See application notes. 

epee • ....,.... 
 ••••••••••• •°.3W5000A3  

RADIO FREQUENCY POWER AMPLIFIER 
Grounded-Grid Circuit 
Class-C FM Telephony 

MAXIMUM RATINGS (Frequencies between 85 and 110 Mc.) 
- - 4000 MAX. VOLTS 

2.0 MAX. AMPS 
200 MAX. MA. 

5000 MAX. WATTS 
150 MAX. WATTS 

TYPICAL OPERATION (110 Mc., per tube) 

D-C Plate Voltage 

D-C Grid Voltage 

D-C Plate Current 

D-C Grid Current 

Driving Power (approx.) - 

Useful Power Output - 

3700 

—450 

1.8 

190 

1600 

6850 

4000 

--500 

1.85 

190 

1900 

7500 

Volts 

Volts 

Amps 

Ma. 

Watts 

Watts 

PLATE MODULATED RADIO FREQUENCY 
AMPLIFIER 
(Conventional Neutralized Amplifier—Frequencies below 75 Mc.) 
Class-C Telephony (Carrier conditions, per tube) 

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

5000 MAX. VOLTS 
2.0 MAX. AMPS 

3350 MAX. WATTS 
150 MAX. WATTS 

TYPICAL OPERATIONS (Frequencies below 75 Mc., 
D-C Plate Voltage - - - 4000 4500 
D-C Plate Current - 1.67 1.55 
Total Bias Voltage - —450 —500 
Fixed Bias Voltage - —230 —325 
Grid Resistor - - 1500 1500 
D-C Grid Current - - - 150 120 
Peak R-F Grid Input Voltage 680 720 
Driving Power (approx.) - 102 86 
Grid Dissipation - - - 35 26 
Plate Power Input - - - 6670 6970 
Plate Dissipation - - 1670 1670 
Plate Power Output - 5000 5300 

AUDIO FREQUENCY POWER AMPLIFIER 
AND MODULATOR 
Class B (Sinusoidal wave, two tubes unless otherwise specified) 
MAXIMUM RATINGS 
D-C PLATE VOLTAGE - - , - 6000 MAX. 
MAX.-SIGNAL D-C PLATE CURRENT, 

PER TUBE 2.5 MAX. 
PLATE DISSIPATION, PER TUBE - - 5000 MAX. 
TYPICAL OPERATION CLASS AB, (Two tubes) 

D-C Plate Voltage - - - 4000 5000 
D-C Grid Voltage (approx.)* - —150 —190 
Zero-Signal D-C Plate Current 0.6 0.5 
Max-Signal D-C Plate Current 4.0 3.2 
Effective Load, Plate to Plate 2200 3600 
Peak A-F Grid Input Voltage 

(per tube) - - - 340 360 390 Volts 
Max.-Signal Peak Driving 

Power - - - 340 230 225 Watts 
Max.-Signal Nominal Driving 

Power (approx.) - - 170 115 
Max.-Signal Plate Power Output 11,000 11,000 
*Adjust to give stated zero-signal plate current. 

TYPICAL OPERATION CLASS AB, (Two tubes) 
(Modulator service for 4000 and 5000 volt operation, to modulate one or 
two tubes, as shown under "Plate Modulated Radio Frequency Amplifier.") 

D-C Plate Voltage 4000 5000 4000 5000 Volts 
D-C Grid Voltage 

(approx.)* - —155 —200 —145 —190 
Zero-Signal D-C 

Plate Current - - 0.4 0.4 0.6 0.5 
Max.-Signal D-C Plate 

Current - - - - 1.35 1.13 2.70 2.26 
Effective Load, Plate 

to Plate - - - - 6600 10,000 3300 5000 
Peak A-F Grid Input 

Voltage (per tube) - 240 275 285 310 
Max.-Signal Peak 

Driving Power - - 42 40 134 118 
Max.-Signal Nominal 

Driving Power (ap-
prox.) 21 20 67 59 

Max.-Signal Plate 
Power Output - - 3700 4000 7400 8000 

Will Modulate R. F. 
Final Input of - - 6670 7250 13,340 14,500 

*Adjust to give stated zero-signal plate current. 

per tube) 
5000 Volts 
1.45 Amps 

—550 Volts 
—410 Volts 
1400 Ohms 
100 Ma. 
760 Volts 
76 
21 

7250 
1670 
5580 

Watts 
Watts 
Watts 
Watts 
Watts 

6000 
--240 

0.4 
3.0 

4650 

VOLTS 

AMPS 
WATTS 

Volts 
Volts 
Amps 
Amps 
Ohms 

113 Watts 
13,000 Watts 

Volts 

Amps 

Amps 

Ohms 

Volts 

Watts 

Watts 

Watts 

Watts 

APPLICATION 

Filament Voltage — The filament voltage, as 
measured directly at the tube, should be 7.5 volts 
with maximum allowable variations due to line 
fluctuation of from 7.1 to 7.9 volts. 

Bias Voltage—There is little advantage in using 
bias voltages in excess of those given under 
"Typical Operation", except in certain very spe-
cialized applications. Where bias is obtained 
from a grid resistor, suitable protective means 
must be provided to prevent excessive plate dissi-
pation in the event of loss of excitation. 

Plate Voltage—The plate supply voltage for the 
3W5000A3 should not exceed 6000 volts. In most 
cases there is little advantage in using plate-
supply voltages higher than those given under 
"Typical Operation" for the power output desired. 

In Class-C FM or Telegraphy service, a 0.1 henry 
choke, shunted by a spark gap, should be series 
connected between the plates of the amplifier 
tubes and the high voltage plate supply capacitor 
to offer protection from transients and surges. In 
plate modulated service, where a plate modula-
tion transformer is used, the protective choke is 
not normally required. 

Grid Dissipation — The power dissipated by the 
grid of the 3W5000A3 must never exceed 150 
watts. Grid dissipation may be calculated from 
the following expression: 

Pg=ecm,„ 1, 
where Pg=Grid dissipation, 

ec„,,=_-Peak positive grid voltage, and 
I,=D-C grid current 

ec,„ may be measured by means of a suitable peak 
voltmeter connected between filament and grid. 
Any suitable peak v.t.v.m. circuit may be used 
lone is shown in "Vacuum Tube Ratings", Eimac 
News, January 1945. This article is available, in 
reprint form on request). 

In equipment in which the plate loading varies 
widely, such as oscillators used for radio-fre-
quency heating, care should be taken to make 
certain that the grid dissipation does not exceed 
the maximum rating under any condition of 
loading. 

In VHF operation, particularly above 75 Mc., the 
d-c grid current must not exceed 200 ma. under 
any conditions of plate loading. With lightly 
loaded conditions the grid driving-power should 
be reduced so that the grid current does not ex-
ceed one-tenth of the plate current. 



3W5000A3 

DRIVING POWER vs. POWER OUTPUT—The three charts on this page show the relationship of plate efficiency, power output and 
grid driving-power a+ plate voltages of 4000, 5000 and 6000 volts. These charts show combined grid and bias losses only. The 
driving power and power output figures do not include circuit losses. The plate dissipation in watts is indicated by Pp. Points A, B, 
and C are identical to the typical Class-C operating conditions shown on the first page under 4000, 5000 and 6000 volts respectively. 
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TENTATIVE DATA 

EITEL-M cCULLOUGH, INC. 
SAN lieRUNO, CALIFORNIA 

The Eimac 3W5000F3 is a water-cooled, medium-mu power triode intended for amplifier, oscillator 
or modulator service. It has a maximum plate dissipation rating of 5000 watts and is capable of high 
output at relatively low plate voltages. A single 3W5000F3 will deliver a radio frequency plate power-
output of 7500 watts at a plate voltage of 4000 volts. 

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

NOTE: THE 3W5000F3 IS A WATER-COOLED VERSION OF THE AIR-COOLED 3X2500F3. 

The plate dissipation of the 3W5000F3 is 5000 watts. Other ratings are the same as for the 
3X2500F3 tube type. 

The 3W5000F3 should be used where water cooling is preferred and for industrial applications 
or installations where reserve anode dissipation is desired. 

GENERAL CHARACTERISTICS 
ELECTRICAL 

Filament: Thoria+ed tungsten 
Voltage 
Current 

7.5 volts 
51 amperes 

Maximum allowable starting current - - 100 amperes 

Amplification Factor (Average)   20 

Direct Interelectrode Capacitances (Average) - 
Grid-Plate - - - - - 
Grid-Filament 

21 
36 uuf 

Plate-Filament - - 1.2 ituf 

Transconductance (ib=830 ma., Eb=3000v.)   20,000 ,umhos 

Frequency for Maximum Ratings   

MECHANICAL 
Base   

Mounting   
Maximum Overall Dimensions: 

Length (Does not include filament connectors) 
Diameter   

Net Weight   
Shipping Weight (Average)   

Cooling   

The water-cooled anode requires one gallon of cooling water per minute for the rated plate dissipation of 5 kilowatts. The 
outlet water temperature must not exceed a maximum of 70.C. under any conditions. The inlet water pressure must not 
exceed a maximum of 60 pounds per square inch. The pressure drop across the anode is negligible compared to the drop 

in the associated piping. 

The grid-terminal contact surface and adjacent glass must be cooled by forced air. The quantity, velocity and direction must 
be adjusted to limit the maximum seal temperature to I50°C. 

The filament stem structure also requires forced-air cooling. A minimum of 6 cubic feet per minute must be directed into 
the space between the inner and outer filament contacting surfaces. 

Air and water flow must be started before filament power is applied and maintained for at least five minutes after the fila-
ment power has been removed. 

30 Mc. 

see drawing 

Vertical, base down or up. 

3W5000F3 
MEDIUM MU-TRIODE 

- 12.56 inches 
3.63 inches 

4.8 pounds 
15 pounds 

Water and Forced Air 

RADIO FREQUENCY POWER AMPLIFIER 
OR OSCILLATOR 
(Frequencies below 30 Mc.) 

Class-C FM or Telegraphy 

(Key-down conditions, per tube) 

MAXIMUM RATINGS 
D-C PLATE VOLTAGE - 

D-C PLATE CURRENT - 

PLATE DISSIPATION - 

GRID DISSIPATION - 

6000 MAX. VOLTS 

2.5 MAX. AMPS 

5000 MAX. WATTS 
150 MAX. WATTS 

TYPICAL OPERATION 
(Frequencies below 30 Mc., per tube) 

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

Voltage - - 
Driving Power (approx.) 
Grid Dissipation - - 
Plate Power Input 
Plate Dissipation - 
Plate Power Output - 

4000 5000 6000 Volts 
2.5 2.5 2.08 Amps 

—300 —450 —500 Volts 
245 265 180 Ma. 

580 750 765 Volts 
- 142 197 136 Watts 

68 78 46 Watts 
- 10,000 12,500 12.500 Watts 

2500 2500 2500 Watts 
7500 10,000 10,000 Watts 

(Effective 31-51) Copyright 1951 by Eitel-McCullough, 

TENTATIVE DATA 



1000000000 3W5000F3  

PLATE MODULATED RADIO FREQUENCY 
AMPLIFIER 
(Frequencies below 30 Mc.) 

Class-C Telephony 

(Carrier conditions, per tube) 

MAXIMUM RATINGS 

D-C PLATE VOLTAGE - 

D-C PLATE CURRENT - 

PLATE DISSIPATION - 

GRID DISSIPATION - 

5000 MAX. VOLTS 

2.0 MAX. AMPS 

3350 MAX. WATTS 

150 MAX. WATTS 

TYPICAL OPERATION 
(Frequencies below 30 Mc., per tube) 

D-C Plate Voltage 4000 4500 5000 Volts 
D-C Plate Current 1.67 1.55 1.45 Amps 
Total Bias Voltage —450 —500 —550 Volts 
Fixed Bias Voltage —230 —325 —410 Volts 
Grid Resistor - 1500 1500 1400 Ohms 
D-C Grid Current - 150 120 100 Ma. 
Peak R. F. Grid Input 
Voltage - - - 680 720 760 Volts 

Driving Power (approx.) 102 86 76 Watts 
Grid Dissipation - - 35 26 21 Watts 
Plate Power Input - 6670 6970 7250 Watts 
Plate Dissipation - - 1670 1670 1670 Watts 
Plate Power Output - 5000 5300 5580 Watts 

AUDIO FREQUENCY POWER AMPLIFIER 
AND MODULATOR 
Class B (Sinusoidal wave, two tubes unless otherwise specified) 

MAXIMUM RATINGS 
D-C PLATE VOLTAGE - - - - 6000 MAX. VOLTS 
MAX.-SIGNAL D-C PLATE CURRENT, 

PER TUBE 2.5 
PLATE DISSIPATION, PER TUBE - - 5000 

MAX. AMPS 
MAX. WATTS 

TYPICAL OPERATION CLASS AB2 (Two Tubes) 

D-C Plate Voltage - - - 4000 5000 6000 
D-C Grid Voltage (approx)* —150 —190 —240 
Zero-Signal D-C Plate Current 0.6 0.5 0.4 
Max.-Signal D-C Plate Current 4.0 3.2 3.0 
Effective Load, Plate to Plate 2200 3600 4650 
Peak A-F Grid Input Voltage 

(per tube) - - - 340 360 390 
Max.-Signal Peak Driving 

Power - - - - 340 230 225 
Max.-Signal Nominal Driving 

Power (approx.) - 170 115 113 
Max.-Signal Plate Power 

Output - - - 11,000 11,000 13,000 

*Adjust to give stated zero-signal plate current. 

TYPICAL OPERATION CLASS AB2 (Two Tubes) 
Modulator service for 4000 and 5000 volt operation, to modulate 
two tubes, as shown under "Plate Modulated Radio Frequency 
fier" (Page I) 

D-C Plate Voltage 
D-C Grid Voltage 

(approx)* - - - 
Zero-Signal D-C Plate 

Current - - - - 
Max.-Signal D-C Plate 
Current - - - - 

Effective Load, Plate 
to Plate - - - - 

Peak A-F Grid Input 
Voltage (per tube) 

Max.-Signal Peak 
Driving Power - - 

Max.-Signal Nominal 
Driving Power (ap-
prox.)   

Max.-Signal Plate 
Power Output - - 

Will Modulate one 
Tube R. F. Final 
Input of - - - - 

Will Modulate two 
tubes R. F. Final 
Input of - - - - 

- 4000 5000 4000 5000 

—155 —200 —145 —190 

0.4 0.4 0.6 0.5 

1.35 1.13 2.70 2.26 

6600 10,000 3300 5000 

240 275 285 310 

42 40 134 118 

21 20 67 

3700 4000 7400 

6670 7250 

Volts 
Volts 
Amps 
Amps 
Ohms 

Volts 

Watts 

Watts 

Watts 

one or 
Ampli-

Volts 

Volts 

Amps 

Amps 

Ohms 

Volts 

Watts 

59 Watts 

8000 Watts 

Watts 

13,340 14,500 Watts 

*Adjust to give stated zero-signal plate current. 

APPLICATION 

Filament Voltage — The filament voltage, as 
measured directly at the tube, should be 7.5 volts 
with maximum allowable variations due to line 
fluctuation of from 7.12 to 7.87 volts. 
Bias Voltage—There is little advantage in using 
bias voltages in excess of those given under "Typi-
cal Operation", except in certain very specialized 
applications. Where bias is obtained from a grid 
resistor, suitable protective means must be pro-
vided to prevent excessive plate dissipation in the 
event of loss of excitation. 
Plate Voltage—The plate supply voltage for the 
3W5000F3 should not exceed 6000 volts. In most 
cases there is little advantage in using plate-supply 
voltages higher than those given under "Typical 
Operation" for the power output desired. 

In Class-C FM ar Telegraphy service, a 0.1 henry 
choke, shunted by a spark gap, should be series 
connected between the plates of the amplifier 
tubes and the high voltage plate supply capacitor 
to offer protection from transients and surges. In 
plate modulated service, where a plate modulation 
transformer is used, the protective choke is not 
normally required. 
Grid Dissipation—The power dissipated by the grid 
of the 3W5000F3 must never exceed 150 watts. 
Grid dissipation may be calculated from the fol-
lowing expression 

Po=e,I, 
where Pg=Grid dissipations 

e,=Peak positive grid voltage, and 
I=D-C grid current 

e„ may be measured by means of a suitable peak 
voltmeter connected between filament and grid. 
Any suitable peak v.t.v.m. circuit may be used 
(one is shown in "Vacuum Tube Ratings", Eimac 
News, January 1945. This article is available in 
reprint form on request). 

In equipment in which the plate loading varies 
widely, such as oscillators used for radio-frequency 
heating, care should be taken to make certain that 
the grid dissipation does not exceed the maximum 
rating under any condition of loading. 



 100. 1 3W5000F3 

DRIVING POWER vs. POWER OUTPUT 
250 

225 

The three charts on this page 
show the relationship of plate ef-
ficiency, power output and grid 
driving-power at plate voltages of 
4000, 5000 and 6000 volts. These 
charts show combined grid and bias 
losses only. The driving power and 
power output figures do not include 
circuit losses. The plate dissipation 
in watts is indicated by Pp. 

Points A, B, and C are identical 
to the typical Class C operating 
conditions shown on the first page 
under 4000, 5000 and 6000 volts 
respectively. 
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EITEL-McCULLOUGH, INC. 
SAN OROMO, CALIFORNIA 

The Eimac 3X2500A3 is a medium-mu, forced-air-cooled, external-anode transmitting triode with a maxi-
mum plate-dissipation rating of 2500 watts. Relatively high power output as an amplifier, oscillator or modulator 
may be obtained from this tube at low plate voltages. A single tube will deliver a radio-frequency output of 
7500 watts at 4000 plate volts at frequencies up to 110 Mc., as well as at lower frequencies. 

The tube has a rugged, low-inductance cylindrical filament-stem structure, which readily becomes part of 
a linear filament tank circuit for V.H.F. operation. The grid provides thorough shielding between the input and 
output circuits for grounded-grid applications, and is conveniently terminated in a ring between the plate and 
filament terminals. As a result of the use of unique grid- and filament-terminal arrangements, it is possible to 
install or remove the 3X2500A3 without the aid of tools. 

The approved Federal Communications Commission rating for the 3X2500A3 as a plate-modulated amplifier 
is 5000 watts of carrier power. 

GENERAL CHARACTERISTICS 
ELECTRICAL 

Filament: Thoriated tungsten 

Voltage - --
Current - - 

Amplification Factor (Average) - - - 

Direct Interelectrode Capacitances (Average) 

Grid-Plate --

Grid-Filament 

Plate-Filament - - - 

Transconductance (1b----1330 ma., El, =3000 v.) 

Highest Frequencies for Maximum Ratings - 

MECHANICAL 
Base - 

Mounting -- -------

Cooling 

Maximum Anode Cooler Core and Seal Temperatures 

Maximum Over-All Dimensions: 

Length 

Diameter 

Net Weight   
Shipping Weight (Average) 

- 7.5 volts 

- 51 amperes 
-- 20 

20 itp.f 

36 p.p.f 

1.2 jullf 

20,000 p,mhos 

- 75 Mc. 

-- see drawing 

- Vertical, base down or up 

--- Forced air 

150°C 

3X2500A3 
MEDIUM-MU TRIODE 

9.0 inches 

4.156 inches 

6.25 pounds 

17 pounds 

RADIO-FREQUENCY POWER AMPLIFIER 
OR OSCILLATOR 
(Conventional Neutralized Amplifier—Frequencies below 75 Mc.) 
Class-C FM or Telegraphy (Key-down conditions, per tube) 
MAXIMUM RATINGS 
D-C PLATE VOLTAGE   
D-C PLATE CURREte 
PLATE DISSIPATION 
PLATE COOLER CORE TEMPERATURE 
GRID DISSIPATION* 

6000 MAX. VOLTS 
2.5 MAX. AMPS 

2500 MAX. WATTS 
150 MAX. ° C 
150 MAX. WATTS 

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

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

4000 5000 6000 volts 
2.5 2.5 2.08 amps 

—300 —450 —500 volts 
245 265 180 ma 
580 750 765 volts 
142 197 136 watts 
68 78 46 watts 

10,000 12,500 12,500 watts 
2500 2500 2500 watts 
7500 10,000 10,000 watts 

RADIO-FREQUENCY POWER AMPLIFIER 
Grounded-Grid Circuit 
Class-C FM Telephony 

MAXIMUM RATINGS (Frequencies between 85 and 110 Mc.) 
D-C PLATE VOLTAGE 
D-C PLATE CURRENT 
D-C GRID CURRENT* 
PLATE DISSIPATION 
PLATE COOLER CORE TEMPERATURE 
GRID DISSIPATION* 
*See application notes. 

4000 MAX. VOLTS 
2.0 MAX. AMPS 
200 MAX. MA 

2500 MAX. WATTS 
150 MAX. ° C 
150 MAX. WATTS 

TYPICAL OPERATION (110 Mc., per tube) 

D-C Plate Voltage 

D-C Grid Voltage 

D-C Plate Current 

D-C Grid Current 

Driving Power (approx.) 

Useful Power Output 

3700 4000 volts 

—450 —500 volts 

1.8 1.85 amps 

190 190 ma 

1600 1900 watts 

6850 7500 watts 

PLATE-MODULATED RADIO-FREQUENCY 
AMPLIFIER 
(Conventional Neutralized Amplifier—Frequencies below 75 Mc.) 
Class-C Telephony (Carrier conditions, per tube) 
MAXIMUM RATINGS 

D-C PLATE VOLTAGE   
D-C PLATE CURRENT 

PLATE DISSIPATION 
PLATE COOLER CORE TEMPERATURE 
GRID DISSIPATION 

5000 MAX. VOLTS 
2.0 MAX. AMPS 

1670 MAX. WATTS 
150 MAX. ° C 

150 MAX. WATTS 

TYPICAL OPERATIONS (Frequencies below 75 Mc., per tube) 
D-C Plate Voltage 
D-C Plate Current 
Total Bias Voltage 
Fixed Bias Voltage 
Grid Resistor 
D-C Grid Current 
Peak R-F Grid Input Voltage 
Driving Power (approx.) 
Grid Dissipation 
Plate Power Input 
Plate Dissipation 
Plate Power Output 

4000 4500 5000 volts 
1.67 1.55 1.45 amps 

—450 —500 —550 volts 
—230 —325 —410 volts 
1500 1500 1400 ohms 
150 120 100 ma 
680 720 760 volts 
102 86 76 watt 
35 26 21 watt 

6670 6970 7250 watt 
1670 1670 1670 watts 
5000 5300 5580 watts 

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

(Effective 6-2-52) Copyright, 1952 by Eitel-McCullough, Inc. >Indicates change from sheet dated 2-15-50. 
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AUDIO-FREQUENCY POWER AMPLIFIER 
AND MODULATOR 
Class B (Sinusoidal wave, two tubes unless otherwise specified) 
MAXIMUM RATINGS 
D-C PLATE VOLTAGE   6000 MAX. VOLTS 
MAX-SIGNAL D-C PLATE CURRENT, PER TUBE 2.5 MAX. AMPS 
PLATE DISSIPATION, PER TUBE - - - - 2500 MAX. WATTS 
PLATE COOLER CORE TEMPERATURE - - 150 MAX. ° C 
TYPICAL OPERATION CLASS AB, (Two tubes) 

D-C Plate Voltage 4000 5000 6000 volts 
D-C Grid Voltage (approx.)* - - —150 —190 —240 volts 
Zero-Signal D-C Plate Current - - 0.6 0.5 0.4 amps 
Max.-Signal D-C Plate Current - - 4.0 3.2 3.0 amps 
Effective Load, Plate to Plate - - 2200 3600 4650 ohms 
Peak A-F Grid Input Voltage (per tube) 340 360 390 volts 
Max.-Signal Peak Driving Power - 340 230 225 watts 
Max.-Signal Nominal Driving Power 

(approx.) - - - - - - - 170 115 113 watts 
Max.-Signal Plate Power Output - - 11,000 11,000 13,000 watts 

TYPICAL OPERATION CLASS AB, (Two tubes) 

(Modulator service for 4000 and 5000 volt operation, to modulate one or 

two tubes, as shown under "Plate Modulated Radio Frequency Amplifier.") 

D-C Plate Voltage - - - 

D-C Grid Voltage (approx.)* 
Zero-Signal D-C Plate Current 
Max.-Signal D-C Plate Current 

Effective Load, Plate to Plate 
Peak A-F Grid Input Voltage 
(per tube) 

Max-Signal Peak Driving Power 
Max.-Signal Nominal Driving 
Power (approx.) - - - - 

Max.-Signal Plate Power Output - 
Will Modulate R. F. Final Input of 

4000 
—155 

0.4 
1.35 
6600 

5000 
—200 

0.4 
1.13 

10,000 

240 275 
42 40 

21 

3700 
6670 

20 
4000 
7250 

*Adiust to give stated zero-signal plate current. 

4000 
—145 

0.6 
2.70 
3300 

285 
134 

67 
7400 

13,340 

5000 
--I90 

0.5 
2.26 
5000 

volts 
volts 

amps 
amps 

ohms 

310 volts 
118 watts 

59 
8000 

14,500 

watts 
watts 

watts 

APPLICATION 
>Cooling—A minimum air flow of 120 cubic feet 
per minute must be passed through the anode 
cooler. The pressure drop across the cooler at this 
rate of flow equals 1.0 inch of water when the 
tube is cold, and increases with rising tempera-
ture to 1.25 inches when the plate dissipation at-
tains its rated maximum value of 2500 watts. 

A minimum air flow of 6 cubic feet per minute 
must also be directed into the filament stem struc-
ture between the inner and outer filament ter-
minals. Cooling air in the above quantities must 
be supplied to the anode cooler and the filament 
seals before filament voltage is applied, and the 
air flow should be maintained for at least one 
minute after the filament power has been re-
moved. Simultaneous removal of all power and 
air (as in case of power failure) will not ordinarily 
injure the tube, but it is not recommended as a 
standard operating practice. Anode-cooler-core, 
grid- and filament-seal temperatures must not ex-
ceed 150° C. 

The figures above are for an ambient temper-
ature of 20° C at sea level and do not include 
duct or filter losses. Further information regarding 
operation at higher ambient temperatures or 
higher altitudes is available in an article entitled 
"Blower Selection for Forced Air Cooled Tubes", 
by A. G. Nekut, in the August, 1950, issue of 
"Electronics". 

Filament Voltage—The filament voltage, as meas-
ured directly at the tube, should be 7.5 volts with 
maximum allowable variations due to line fluctua-
tion of from 7.12 to 7.87 volts. 

Bias Voltage—There is little advantage in using 
bias voltages in excess of those given under "Typ-
ical Operation", except in certain very special-
ized applications. Where bias is obtained from a 
grid resistor, suitable protective means must be 
provided to prevent excessive plate dissipation in 
the event of loss of excitation. 

>Indicates change from sheet dated 2-15-50. 

Plate Voltage—The plate-supply voltage for the 
3X2500A3 should not exceed 6000 volts. In most 
cases there is little advantage in using plate-sup-
ply voltages higher than those given under "Typi-
cal Operation" for the power output desired. 

In Class-C FM or Telegraphy service, a 0.1 henry 
choke, shunted by a spark gap, should be series 
connected between the plates of the amplifier 
tubes and the high-voltage-plate-supply capacitor 
to offer protection from transients and surges. In 
plate-modulated service, where a plate-modula-
tion transformer is used, the protective choke is 
not normally required. 

Grid Dissipation—The power dissipated by the 
grid of the 3X2500A3 must never exceed 150 
watts. Grid dissipation may be calculated from 
the following expression: 

Pg =  ecmple 

where P, = Grid dissipation 
eemp -= Peak positive grid voltage, and 

D-C grid current 

e,mp may be measured by means of a suitable 
peak voltmeter connected between filament and 
grid. Any suitable peak v.t.v.m. circuit may be 
used (one is shown in "Vacuum Tube Ratings", 
Eimac News, January 1945. This article is avail-
able, in reprint form on request). 

In equipment in which the plate loading varies 
widely, such as oscillators used for radio-fre-
quency heating, care should be taken to make 
certain that the grid dissipation does not exceed 
the maximum rating under any condition of load-
ing. 

In VHF operation, particularly above 75Mc., the 
d-c grid current must not exceed 200 ma. under 
any conditions of plate loading. With lightly 
loaded conditions the grid driving power should 
be reduced so that the grid current does not ex-
ceed one-tenth of the plate current. 
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DRIVING POWER vs. POWER OUTPUT 
250 

• 
225 

The three charts on this page show 
the relationship of plate efficiency, 
power output and approximate grid 
driving power at plate voltages of 
4000, 5000 and 6000 volts. These 
charts show combined grid and bias 
losses only. The driving-power and 
power-output figures do not include 
circuit losses. The plate dissipation in 
watts is indicated by Pp. 
Points A, B, and C are identical to 
the typical Class C operating con-
ditions shown on the first page 
under 4000, 5000 and 6000 volts 
respectively. 
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El TEL-McCULLOUGH, INC. 
SAN BRUNO, CALIFORNIA 

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

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

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

ELECTRICAL 
Filament: Thoriated tungsten 

Voltage 
Current 

GENERAL CHARACTERISTICS 

Amplification Factor (Average) 

Direct Interelectrode Capacitances (Average) 

Grid-Plate   

Grid-Filament 

Plate-Filament 

Transconductance (i b = 830 ma., Eb = 3000 v.) 

Frequency for Maximum Ratings 

7.5 volts 
51 amperes 

20 

20 µµfd 

  36 µµfd 

1.2 gmfd 

20,000 µmhos 

  30 Mc 

MECHANICAL 
Base   See Drawing 
Mounting   Vertical, base down or up 
Maximum Overall Dimensions: 

Length (does not include filament connectors)   9.0 inches 
Diameter 4.156 inches 

Net weight   7.5 pounds 
Shipping weight (Average)   17 pounds 

111. Cooling 

A minimum flow of 120 cubic feet of air per minute must be passed through the anode cooler. The pressure drop across the cooler ai this flow equals 
1.0 inch of water. A minimum air-flow of 6 cubic feet per minute must also be directed toward the filament-stem structure, between the inner and outer 
filament conductors. Cooling air in the above quantities must be supplied to both anode cooler and filament seals before applying filament voltage 
and should be continued for one minute after the filament power is removed. Anode-cooler core, grid and filament seal temperatures must not exceed 
150° C. These figures are for an ambient temperature of 20° C at sea level and do not include duct or filter losses. 

RADIO-FREQUENCY POWER AMPLIFIER 

OR OSCILLATOR 
le. (Conventional Neutralized Amplifier—Frequencies below 30 Mc.) 

Class-C FM or Telegraphy (Key-down conditions, per tube) 
MAXIMUM RATINGS 
D-C PLATE VOLTAGE   
D-C PLATE CURRENT   
PLATE DISSIPATION 
PLATE COOLER CORE TEMPERATURE   
GRID DISSIPATION` 
4. SEE APPLICATION NOTES. 

6000 MAX. VOLTS 
2.5 MAX. AMPS 

2500 MAX. WATTS 
150 MAX. ° C 
150 MAX. WATTS 

TYPICAL OPERATION (Frequencies below 30 Mc. per tube) 

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

4000 
2.5 
300 
245 
580 
142 
68 

10,000 
2500 
7500 

5000 6000 volts 
2.5 2.08 amps 

—450 —500 volts 
265 180 ma 
750 765 volts 
197 136 watts 
78 46 watts 

12,500 12,500 watts 
2500 2500 watts 

10,000 10,000 watts 

PLATE-MODULATED RADIO-FREQUENCY 
AMPLIFIER 

Bk (Conventional Neutralized Amplifier—Frequencies below 30 Mc.) 
Class-C Telephony (Carrier conditions, per tube) 
MAXIMUM RATINGS 
D-C PLATE VOLTAGE   
D-C PLATE CURRENT 
PLATE DISSIPATION 
PLATE COOLER CORE TEMPERATURE   
GRID DISSIPATION   

5000 MAX. VOLTS 
2.0 MAX. AMPS 

1670 MAX. WATTS 
150 MAX. ° C 
150 MAX. WATTS 

TYPICAL OPERATIONS (Frequencies below 30 Mc. per tube) 

D-C Plate Voltage 
D-C Plate Current 
Total Bias Voltage 
Fixed Bias Voltage 
Grid Resistor 
D-C Grid Current 
Peak R-F Grid Input Voltage 
Driving Power (approx.)   
Grid Dissipation 
Plate Power Input 
Plate Dissipation 
Plate Power Output 

4000 
1.67 
450 
230 

1500 
150 
680 
102 
35 

6670 
1670 
5000 

4500 5000 volts 
1.55 1.45 amps 
—500 —550 volts 
—325 —410 volts 
1500 1400 ohms 
120 100 ma 
720 760 volts 
86 76 watts 
26 21 watts 

6970 7250 watts 
1670 1670 watts 
5300 5580 watts 

LIF IT IS DESIRED TO OPERATE THIS TUBE UNDER CONDITIONS WIDELY DIFFERENT FROM THOSE GIVEN UNDER "TYPICAL OPERATION," POSSIBLY 
EXCUD(NG THE MAXIMUM RATINGS GIVEN FOR CW SERVICE, WRITE EITEL-McCULLOUGH, INC., FOR INFORMATION AND RECOMMENDATIONS. 

CEffe,.tive 2-1-53) Copyright 1953 by Eitel.McCullough. 111> lndicates Change from Sheet Dated 2-1-50 
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AUDIO-FREQUENCY POWER AMPLIFIER 
AND MODULATOR 
Class B (Sinusoidal wave, two tubes unless otherwise specified) 

MAXIMUM RATINGS 
D-C PLATE VOLTAGE   
MAX.-SIGNAL D-C PLATE CURRENT, PER TUBE 
PLATE DISSIPATION, PER TUBE   
PLATE COOLER CORE TEMPERATURE   

TYPICAL OPERATION CLASS AB2 (Two tubes) 

D-C Plate Voltage   4000 
D-C Grid Voltage (approx.) -150 
Zero-Signal D-C Plate Current - 0.6 
Max-Signal D-C Plate Current - - - 4.0 
Effective Load, Plate to Plate ------2200 
Peak A-F Grid Input Voltage (per tube) - - 340 
Mou -Signal Peak Driving Power - - - . 340 
Max-Signal Nominal Driving Power (approx.) - 170 
Max-Signal Plate Power Output - - - - 11,000 

6000 MAX. VOLTS 
2.5 MAX. AMPS 

2500 MAX. WATTS 
150 MAX. ° C 

5000 6000 volts 
-190 -240 volts 

0.5 0.4 amps 
3.2 3.0 amps 

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

11,000 13,000 watts 

APPLICATION 

Filament Voltage—The filament voltage, as measured 
directly at the tube, should be 7.5 volts with maximum 
allowable variations due to line fluctuation of from 7.12 
to 7.87 volts. 

Bias Voltage—There is little advantage in using bias volt-
ages in excess of those given under " Typical Operation," 
except in certain very specialized applications. Where bias 
is obtained from a grid resistor, suitable protective means 
must be provided to prevent excessive plate dissipation in 
the event of loss of excitation. 

Plate Voltage—The plate-supply voltage for the 
3X2500F3 should not exceed 6000 volts. In most cases 
there is little advantage in using plate-supply voltages 
higher than those given under" Typical Operation" for the 
power output desired. 

In Class-C FM or Telegraphy service, a 0.1 henry choke, 
shunted by a spark gap, should be series connected between 
the plates of the amplifier tubes and the high-voltage-plate-
supply capacitor to offer protection from transients and 
surges. In plate-modulated service, where a plate-modula-
tion transformer is used, ,the protective choke is not nor-
mally required. 

Grid Dissipation—The power dissipated by the grid of 
the 3X2500F3 must never exceed 150 watts. Grid dissipa-
tion may be calculated from the following expression: 

Pg = ecmplc 

where Pg =grid dissipation, 
ecmg =-peak positive grid voltage, and 
le=d-c grid current. 

ecmg may be measured by means of a suitable peak volt-
meter connected between filament and grid. Any suitable 
peak v.t.v.m. circuit may be used (one is shown in " Vacu-
um Tube Ratings," Eimac N,ews, January 1945. This article 
is available, in reprint form on request). 

In equipment in which the plate loading varies widely, 
such as oscillators used for radio-frequency heating, care 
should be taken to make certain that the grid dissipation 
does not exceed the maximum rating under any condition 
of loading. 

TYPICAL OPERATION CLASS AB2 (Two tubes) 

(Modulator service for 4000 and 5000 volt operation, to modulate one or two tubes, 

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

D-C Plate Voltage 

D-C Grid Voltage (approx.)* - 

Zero-Signal D-C Plate Current 

Max.-Signal D-C Plate Current 

Effective Load, Plate to Plate - - 

Peak A-F Grid Input Voltage (per tube) 

Max.-Signal Peak Driving Power - 

Max.-Signal Nominal Driving Power 

(approx.) 

Max.-Signal Plate Power Output - 

Will Modulate R. F. Final Input of - 

4000 

-155 

0.4 

1.35 

6600 

240 

42 

21 

3700 

6670 

*Adjust to give stated zero-signal plate current. 

5000 

-200 

0.4 

1.13 

10,000 

275 

40 

20 

4000 

7250 

4000 

-145 

0.6 

2.70 

3300 

285 

134 

67 

7400 

13,340 

5000 volts 

-190 volts 

0.5 amps 

2.26 amps 

5000 ohms 

310 volts 

118 watts 

59 watts 

8000 watts 

14,500 watts 

11111> Indicates Change from Sheet Dated 2-1-50 
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charts show combined grid and bias 
losses only. The driving power and 
power output figures do not include 
circuit losses. The plate dissipation 

in watts is indicated by Pp. 
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3X3000A1 
LOW-MU TRIODE 

• 

El TEL-McCULLOUGH, INC. 
SAN BRUNO, CALIFORNIA 

The Eimac 3X3000A1 is a low-mu forced-air-cooled power triode intended for use as an audio 

amplifier or modulator. The maximum rated plate dissipation is 3000 watts. 

Two 3X3000AI's in class-AB, audio service will deliver up to 10 kilowatts maximum-signal plate 

power output at 6000 plate volts without drawing grid current. 

GENERAL CHARACTERISTICS 
ELECTRICAL 

Filament: Thoriated Tungsten 
Voltage - - 
Current 

Amplification Factor (Average) 

Direct Interelectrode Capacitances (Average) 
Grid-Plate - 
Grid-Filament - 
Plate-Filament - 

7.5 volts 
51 amperes 

  5 

17 mmfd 
29 µµfd 
2.5 ,ulifd 

Transconductance (l 1.0 amp., Et, = 3000v.) - 11,000 tumbos 

MECHANICAL 
Base - - - 

Mounting Position - 

Cooling - - - 

Maximum Temperatures: 
Grid and Filament Seals, 
Anode Cooler Core - 

Maximum Overall Dimensions: 
Length - 
Diameter - 

Net Weight - - 

Shipping Weight (Average) - 

- See outline drawing 

- Vertical, base down or up 

- Forced air 

MODULATOR 

AMPLIFIER 

150°C 

9.0 inches 
4.16 inches 

6.25 pounds 

16 pounds 

AUDIO FREQUENCY POWER AMPLIFIER 
OR MODULATOR 
Class-A8, 

MAXIMUM RATINGS (Per tube) 

D-C PLATE VOLTAGE - • • 

D-C PLATE CURRENT   

PLATE DISSIPATION 

GRID DISSIPATION 

6000 MAX. VOLTS 

2.5 MAX. AMPERES 

3000 MAX. WATTS 

50 MAX. WATTS 

D-C Grid Voltage (approx.) , 
Zero-Signal D-C Plate Current 
Max-Signal D-C Plate Current 
Effective Load, Plate-to-Plate 
Peak A-F Grid Input Voltage 

(per tube) - - 
Max-Signal Driving Power (approx.) 
Max-Signal Plate Power Input - 
Max-Signal Plate Dissipation 

(per tube) - - - 
Max-Signal Plate Power Output 
Total Harmonic Distortion, - 

'Adjust to stated Zero-Signal D-C Plate Current. Effective grid-circuit resistance must not exceed 200,000 ohms. 
'At maximum signal without negative feedback. 

TYPICAL OPERATION (Sinusoidal wave, two tubes unless otherwise specified) 
D-C Plate Voltage - - - 3000 4000 5000 6000 volts 

—600 -.860 —1080 —1300 volts 
665 .500 400 335 ma 
3.35 3.00 2.80 2.65 amps 
1170 2160 3320 4560 ohms 

555 760 995 1250 volts 
0 watts 

10,000 12,000 14,000 16,000 watts 

3000 
4000 
2.7 

3000 
6000 
1.8 

3000 
8000 
2.6 

3000 watts 
10,000 watts 

2.1 per cent 

APPLICATION 
Filament Voltage—The filament voltage, as measured di-
rectly at the tube, should be the rated value of 7.5 volts. 
Variations should be held within the range of 7.12 to 
7.87 volts. 
Cooling—The 3X3000A1 requires an air-flow of 150 
cubic feet per minute through the anode cooler. This 
corresponds to a pressure drop across the cooler of 2.2 
inches of water. A flow of 6 cubic feet per minute must 
also be directed into the filament stem structure, between 
the inner and outer filament conductors. 

The air-flow must be started when power is applied to 
the filament, and must continue without interruption 

until all electrode voltages have been removed from the 
tube. It is advisable to permit the air-cooling system to 
operate for two minutes or more after the removal of 
power. 

These air requirements are based upon operation at 
an ambient temperature of 20°C and at sea level. 

Cooling conditions for the 3X3000A1 may be con-
sidered satisfactory if the temperature of the anode 
cooler core and of the metal parts of the metal-to-glass 
seals is not allowed to exceed 150°C. A convenient access-
ory for the measurement of these temperatures is "Tempi-
laq", a temperature-sensitive lacquer manufactured by 
the Tempil Corperation, 132 West 22nd St., New York 
11, N. Y. 

(Effective 2-1-52) Copyright, 1953 by Eitel-McCullough, Inc. 
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NOTE 2  
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INNER FILAMENT CONTACT 
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2± DIA.  
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El TEL-McCULLOUGH, INC. 
SAN BRUNO, CALIFORNIA 

The Eimac 3X3000F1 is a low-mu forced-air-cooled power triode intended for use as an audio 

amplifier or modulator. The maximum rated plate dissipation is 3000 watts. 

Two 3X3000F1's in class-A[3 1 audio service will deliver up to 10 kilowatts maximum-signal plate 
power output at 6000 plate volts without drawing grid current. 

GENERAL CHARACTERISTICS 
ELECTRICAL 

Filament: Thoriated Tungsten 

Voltage - - 
Current 

Amplification Factor (Average) 

7.5 volts 
51 amperes 

Direct lnterelectrode Capacitances (Average) 
Grid-Plate 
Grid-Filament - 
Plate-Filament - 

Transconductance (lb = 1.0 amp., Eb = 3000v.) 

MECHANICAL 
Base 

5 

17 µµ,fd 

---- - - - - 29 p.i.tfd 
-------- 2.5 ititfd 

11,000 µmhos 

Mounting Position 

Cooling 

Maximum Temperatures: 
Grid and Filament Seals, 

Anode Cooler Core   

Maximum Overall Dimensions: 
Length - 

Diameter   

See outline drawing 

Vertical, base down or up 

  Forced air 

150°C 

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

9.0 inches 

4.16 inches 

7.5 pounds 

17 pounds 

AUDIO FREQUENCY POWER AMPLIFIER 
OR MODULATOR 

Class-AB, 

MAXIMUM RATINGS (Per tube) 

D-C PLATE VOLTAGE 

D-C PLATE CURRENT 

PLATE DISSIPATION 

GRID DISSIPATION 

6000 MAX. VOLTS 

2.5 MAX. AMPERES 

3000 MAX. WATTS 

50 MAX. WATTS 

TYPICAL OPERATION (Sinusoidal wave, two tube unless otherwise specified) 
D-C Plate Voltage - - - - 3000 4000 5000 6000 volts 
D-C Grid Voltage (approx.) i _ - —600 —860 —1080 —1300 volts 
Zero-Signal D-C Plate Current - 665 500 400 335 ma 
Max-Signal D-C Plate Current - 3.35 3.00 2.80 2.65 amps 
Effective Load, Plate-to-Plate - 1170 2160 3320 4560 ohms 
Peak A-F Grid Input Voltage 

(per tube) -----555 760 995 1250 volts 
Max-Signal Driving Power (approx.) 0 0 0 0 watts 
Max-Signal Plate Power Input - 10,000 12,000 14,000 16,000 watts 
Max-Signal Plate Dissipation 

(per tube) -----3000 3000 3000 3000 watts 
Max-Signal Plate Power Output - 4000 6000 8000 10,000 watts 
Total Harmonic Distortion2 _ _ 2.7 1.8 2.6 2.1 per cent 

lAdjust to stated Zero-Signal D-C Plate Current. Can be expected to vary *15%. Effective grid-circuit resistance must not exceed 200,000 ohms. 
2At maximum signal without negative feedbqck. 

APPLICATION 
Filament Voltage—The filament voltage, as measured di-
rectly at the tube, should be the rated value of 7.5 volts. 
Variations should be held within the range of 7.12 to 
7.87 volts. 

Cooling—The 3X30000F1 requires an air-flow of 150 
cubic feet per minute through the anode cooler. This 
corresponds to a pressure drop across the cooler of 2.2 
inches of water. A flow of 6 cubic feet per minute must 
also be directed into the filament stem structure, between 
the inner and outer filament conductors. 

The air-flow must be started when power is applied to 
the filament, and must continue without interruption 

(Effective 4-20-53) Copyright 1953 by Eitel-McCullough, Inc. 

until all electrode voltages have been removed from the 
tube. It is advisable to permit the air-cooling system to 
operate for two minutes or more after the removal of 
power. 

These air requirements are based upon operation at 
an ambient temperature of 20°C and at sea level. 

Cooling conditions for the 3X3000F1 may be con-
sidered satisfactory if the temperature of the anode 
cooler core and of the metal parts of the metal-to-glass 
seals is not allowed to exceed 150°C. A convenient access-
ory for the measurement of these temperatures is "Tempi-
laq", a temperature-sensitive lacquer manufactured by 
the Tempil Corporation, 132 West 22nd St., New, York 
11, N. Y. 
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EITEL -McCULLOUGH INC. 
SAN BRUNO, CALIFORNIA 

6C21 
PULSE TRIODE 

• 

MODULATOR 

AMPLIFIER 

The Eimac 6C21 is a high-vacuum power triode designed for pulse-modulator 
service at d-c plate voltages up to 30 kilovolts and peak plate currents as high 
as 15 amperes. 

The 6C21 is forced-air and radiation cooled, has a maximum plate-dissipa-
tion rating of 300 watts, and, in pulse modulator service, will deliver up to 375 
kilowatts to a resistive load with 7.5 kilowatts of driving power. 

GENERAL CHARACTERISTICS 

ELECTRICAL 
Filament: Thoriated Tungsten 

Voltage 
Current 

Amplification Factor (Average) 
Direct Interelectrode Capacitances (Average) 

Grid-Plate - 
Input 
Output _ 

Transconductance (1b=100 ma., Eb,2000v.) 

MECHANICAL 
Base 
Connections 
Socket - 

Mounting Position 
Cooling - 
Maximum Temperature of Grid & Plate Seals 
Recommended Heat Dissipating Plate and Grid 
Maximum Overall Dimensions: 

Length 
Diameter 

Net Weight - 
Shipping Weight 

- - 8.2 volts 
- - 17.0 amperes 

- 30 

Connectors 

4.3 ,ap,f 
9.5 µ,uf 

- 0.7 ,u,uf 

6100 µmhos 

50-watt jumbo 4-pin 
- See drawing 

E. F. Johnson Co. 123-211, 
National Co. XM-50 or 
equivalent. 
Vertical, base down or up 
Forced Air and Radiation 
- - 225° C. 

- Eimac HR-8 

12- % inches 
5- % inches 
1.3 pounds 
5.8 pounds 

MAXIMUM RATINGS 
Pulse Modulator Service (Per Tube) 

D-C PLATE VOLTAGE 30 MAX. KILOVOLTS 

D-C GRID VOLTAGE -2.0 MAX. KILOVOLTS 

PEAK POSITIVE PLATE VOLTAGE - 35 MAX. KILOVOLTS 

PEAK POSITIVE GRID VOLTAGE - 1.6 MAX. KILOVOLTS 

PEAK PLATE CURRENT - - 15 MAX. AMPERES 

AVERAGE GRID DISSIPATION 50 MAX. WATTS 

AVERAGE PLATE DISSIPATON 300 MAX. WATTS 

(Effective 4-1-54) Copyright 1954 by Eitel-McCullough, Inc. 

TYPICAL OPERATION 
D-C Plate Voltage   
D-C Grid Voltage - 
Pulse Plate Current 
Pulse Grid Current* 
Pulse Positive Grid Voltage 
Pulse Grid Driving Power* 
Load: Resistive - 
Duty - - - 
Pulse Voltage Output 
Pulse Power Input   
Pulse Plate Dissipation 
Pulse Power Output 

*Approximate values. 

28 kilovolts 
-1.5 kilovolts 

15 amperes 
3.0 amperes 

1000 volts 
7.5 kilowatts 

1650 ohms 
.002 
25 kilovolts 
420 kilowatts 
45 kilowatts 

375 kilowatts 
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APPLICATION 

Mounting—The 6C21 must be mounted vertically, 
base down or up. The leads to the plate and grid 
terminals should be flexible, and the tube must be 
protected from vibration and shock. 

Cooling—Forced-air cooling of the filament stem 
structure is required. Base cooling requires a mini-
mum air flow of 21/2 cubic feet per minute directed 
through the tube base toward the filament press. 
If the hole in the socket is at least I inch in diam-
eter and the manifold is the same diameter, a 
static pressure of 1/4 inch of water is required at 
the manifold to provide the 21/2 cubic feet per 
minute. Heat Dissipating Connectors (Eimac HR-8 
or equivalent) must be used at the plate and grid 
terminals and unobstructed circulation of air 
around the tube is required in sufficient quantity 
to prevent the temperatures of grid and plate seals 
from exceeding 225°C. Forced ventilation of com-
partments or equipment in which the tube is lo-
cated is always beneficial, though not necessarily 
required. 

Tube temperatures may be measured with the aid 
of "Tempilaq", a temperature-sensitive lacquer 
manufactured by the Tempil Corporation, 132 
West 22nd Street, New York I I, N. Y. For satis-
factory results, Tempilaq must be sprayed on the 
surface to be measured in a thin coat, covering as 
small an area as will serve the purpose. 

rd 

ELECTRICAL 

Filament Voltage—For optimum tube life the fila-
ment voltage, as measured directly at the base 
pins, should be the rated value of 8.2 volts. Varia-
tions should be kept within the range of 7.9 to 8.5 
volts. All four socket terminals should be used, 
with two placed in parallel for each filament con-
nection. 

Plate Dissipation—Under normal operating condi-
tions, the plate dissipation should not be allowed 
to exceed the maximum rating of 300 watts. Plate 
dissipation in excess of the maximum rating is 
permissable for short periods of time, such as dur-
ing adjustment procedures. 

Operation—The 6C2I may be operated with in-
ductive or resistive loads, provided only that the 
maximum ratings are not exceeded. The ratings 
listed for pulse modulator service are for operation 
at peak plate currents of 15 amperes and pulse 
lengths up to 100 milliseconds. Further information 
on pulse operation, such as tube limitations under 
long (100 milliseconds or more) pulse conditions, 
is contained in "Pulse Service Notes" obtainable 
from Eitel-McCullough, Inc., on request. If it is 
desired to operate the 6C21 under conditions 
widely different from those given for pulse modu-
lator service, write Eitel-McCullough, Inc., for in-
formation and recommendations. 

Useful information about pulse circuits may be ob-
tained from such publications as "Pulse Genera-
tors", volume 5 of the MIT Radiation Laboratory 
Series, published by McGraw-Hill, 1948. 
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MEDIUM-MU TRIODE 

El IT L-McCULLOUGH, INC. 
SAN BRUNO, CALIFORNIA 

• 

MODULATOR 

OSCILLATOR 

AMPLIFIER 

The Eimac 25T is a medium-mu, power triode having a maximum plate dissipation of 25 watts 
and is intended for use as an amplifier, oscillator or modulator. It can be used at its maximum ratings 
at frequencies as high as 60 Mc. 

Cooling of the 25T is accomplished by radiation from the plate, which operates at a visible 
red color at maximum dissipation and by means of air convection around the envelope. 

GENERAL CHARACTERISTICS 
ELECTRICAL 

Filament: Thoriated tungsten 

Voltage   6.3 volts 

Current   3.0 amperes 

Amplification Factor (Average)   24 

Direct Interelectrode Capacitances (Average) 

Grid-Plate 1.5 
Grid-Filament   2.2 pitf 

Plate-Filament   0.2 

Transconductance (ib=25 ma., Eb= 1000 V.) 2500 1 mhos 1, 
Frequency for Maximum Ratings - - 60 Mc. 

MECHANICAL 
Base - - - 
Basing (See outline drawing)   

Mounting   
Cooling ---

- Small 4-pin, RMA type A4-5 
RMA type 3G 

Recommended Heat Dissipating Connector: 
Plate 

Maximum Overall Dimensions: 
Length 

Diameter 

Net Weight 
Shipping Weight (Average) 

Vertical, base down or up 

Convection and Radiation 

HR-I 

4.38 inches 

1.44 inches 

I  5 ounces 
1.0 pound 

AUDIO FREQUENCY POWER AMPLIFIER 
AND MODULATOR 
Class-8 

MAXIMUM RATINGS, PER TUBE 

D-C PLATE VOLTAGE   

MAX-SIGNAL D-C PLATE CURRENT 

PLATE DISSIPATION   

GRID DISSIPATION   

2000 MAX. VOLTS 

75 MAX. MA. 

25 MAX. WATTS 

7 MAX. WATTS 

TYPICAL OPERATION, CLASS Aft, 
Sinusoidal wave, two tubes unless otherwise specified 
D-C Plate Voltage -----750 
D-C Grid Voltage (approx.) * - —20 
Zero-Signal D-C Plate Current 43 
Max-Signal D-C Plate Current 127 
Effective Load, Plate-to-Plate - - 12,000 
Peak A-F Grid Input Voltage (per tube) 110 
Max-Signal Peak Driving Power - .. - 5.5 
Max-Signal Nominal Driving Power , 

(approx.) ------2.8 
Max-Signal Plate Power Output - - 60 
*Adjust to give stated zero-signal plate current. 

1000 1250 Volts 
—30 —42 Volts 

32 24 Ma. 
127 130 Ma. 

17,000 21,400 Ohms 
120 135 Volts 
6.0 6.8 Watts 

3.0 3.4 Watts 
85 112 Watts 

PLATE MODULATED RADIO 
FREQUENCY AMPLIFIER 
Class-C Telephony (Carrier conditions, per tube) 

MAXIMUM RATINGS 

D-C PLATE VOLTAGE   

D-C PLATE CURRENT   

PLATE DISSIPATION   

GRID DISSIPATION   

1600 MAX. VOLTS 

60 MAX. MA. 

17 MAX. WATTS 

7 MAX. WATTS 

TYPICAL OPERATION 
D-C Plate Voltage   
D-C Plate Current 
D-C Grid Voltage 
D-C Grid Current 
Peak R-F Grid Input Voltage - 
Driving Power   
Grid Dissipation 
Plate Power Input 
Plate Dissipation 
Plate Power Output   

The above figures show actual measured tube performance and do not 
allow for variations in circuit losses. 

1000 
60 

—120 
14 

235 
3.3 
1.6 
60 
13 
47 

1250 1600 Volts 
60 53 Ma. 

—140 —170 Volts 
13 II Ma. 

255 280 Volts 
3.3 3.1 Watts 
1.5 1.2 Watts 
75 85 Watts 
15 17 Watts 
60 68 Watts 

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

MAXIMUM RATINGS 

D-C PLATE VOLTAGE   2000 MAX. VOLTS 

D-C -PLATE CURRENT   75 MAX. MA. 

PLATE DISSIPATION   2..t. MAX. WATTS 

GRID DISSIPATION   7 MAX. WATTS 

(Effective 2-1-51) Copyright 1951 by Eitel-McCullough, Inc. 

TYPICAL OPERATION 
D-C Plate Voltage   
D-C Plate Current 
D-C Grid Voltage 
D-C Grid Current 
Peak R-F Grid Input Voltage 170 195 245 Volts 
Driving Power   1.3 2.2 4.0 Watts 
Grid Dissipation .9 1.3 2.1 Watts 
Plate Power Input 72 100 125 Watts 
Plate Dissipation 25 25 25 Watts 
Plate Power Output   47 75 100 Watts 

The above figures show actual measured tube performance and do not 
allow for variations in circuit losses. 

> Indicates change from sheet dated 10-15-44. 

1000 1500 2000 Volts 
72 67 63 Ma. 

—70 —95 —130 Volts 
9 13 18 Ma. 
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DRIVING POWER vs. POWER OUTPUT 

• 

The three charts on this page show 

the relationship of plate efficiency, 

power output and grid driving power 

at plate voltages of 1000, 1500 and 

2000 volts. These charts show com-

bined grid and bias losses only. The 

driving power and power output fig-

ures do not include circuit losses. The 

plate dissipation in watts is indicated 

by Pp. 

Points A, B, and C are identical to the 

typical Class C operating conditions 

shown on the first page under 1000, 

1500, and 2000 volts respectively. 
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.048±.003 

PLATE 

IRMA BASE  
NO. A4-5  

NC 

3G 

r j 5 MIN. 
16 

6 
MAX-7- 

9 3 3- - 16 16 

3 3 
41-6I-I-6 

-1.165 MAX-7-
2 PINS .125 ± .003 
2 PINS .156 J.". .003 

3-D6-70756 

Indicates change from sheet dated 10-15-44. 
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EITEL-McCULLOUGH, INC. 
SAN *RUNG, CALIFORNIA 

The Eimac 35T is a high-mu triode having a maximum plate dissipation of 50 watts. It is 
intended for use as an amplifer, oscillator or modulator, and can be used at its maximum ratings at 
frequencies up to 100 Mc. 

The 35T is cooled by radiation and by free circulation of air around the envelope. The plate 
operates at a visible red color at full dissipation. 

GENERAL CHARACTERISTIC 
ELECTRICAL 

Filament: Thoriated tungsten 
Voltage 
Current 

Amplification Factor (Average) - 
Direct Interelectrode Capacitances (Average) 

Grid-Plate - 
Grid-Filament 
Plate-Filament 

Transconductance (1b=100 ma., Eb=2000V, Et=-30V) 
Frequency for Maximum Ratings - 

MECHANICAL 
Base: UX Medium 4-pin. Fits E. F. Johnson Co. 122-224, 

CIR-4 sockets. 
Basing - - 
Mounting - 
Cooling - - - 
Recommended Heat Dissipating Plate 
Maximum Overall Dimensions: 

Length - - 
Diameter - 

Net weight - - 
Shipping weight (Average) 

Connector 

5.0 volts 
4.0 amperes 
39 

1.8 Nufd 
4.1 ,up,fd 
0.3 ,ty.fd 

2850 µmhos 
100 Mc. 

or National XC-4 or 

See outline drawing 
Vertical, base down or up. 
Convection and radiation. 

HIGH-MU TRIODE 
• 

MODULATOR 

OSCILLATOR 

AMPLIFIER 

Eimac HR-3 

5.5 inches 
1.8 inches 
2.5 ounces 
1.25 pounds 

AUDIO FREQUENCY POWER AMPLIFIER 
AND MODULATOR 
Class-A13, (Sinusoidal wave, two tubes unless otherwise specified) 
MAXIMUM RATINGS 
D-C PLATE VOLTAGE 
D-C PLATE CURRENT 
PLATE DISSIPATION - 
GRID DISSIPATION - 

2000 MAX. VOLTS 
150 MAX. MA. 
50 MAX. WATTS 
15 MAX. WATTS 

TYPICAL OPERATION 
D-C Plate Voltage 600 1000 1500 2000 Volts 
D-C Grid Voltage (approx.)' - - 
Zero-signal D-C Plate Current - - 
Max-signal D-C Plate Current - - 
Effective Load Plate-to-Plate - - 
Peak A-F Input Voltage (per tube) 
Peak Driving Power (approx.) - - 
Nominal Driving Power (approx.) - 
Max-signal Plate Power Output - 

0 —8 —25 —40 Volts 
90 67 45 34 Ma. 
300 240 200 167 Ma. 

4250 7900 16,200 27,500 Ohms 
130 240 250 255 Volts 

z 18 14 10 8 Watts 
9 7 5 4 Watts 

95 140 200 235 Watts 

RADIO FREQUENCY POWER AMPLIFIER 
AND OSCILLATOR 
Class-C Telegraphy or FM Telephony 
(Key-down conditions, per tube 
MAXIMUM RATINGS 
D-C PLATE VOLTAGE 
D-C PLATE CURRENT 
PLATE DISSIPATION - 
GRID DISSIPATION - 

2000 MAX. VOLTS 
150 MAX. MA. 
50 MAX. WATTS 
15 MAX. WATTS 

TYPICAL OPERATION 
D-C Plate Voltage 1000 1500 2000 Volts 
D-C Grid Voltage   —60 —120 —135 Volts 
D-C Plate Current 125 125 125 Ma. 
D-C Grid Current   40 40 45 Ma. 
Peak R-F Grid Input Voltage 
Driving Power (approx.) 
Grid Dissipation 
Plate Power Input 
Plate Dissipation 
Plate Power Output 

165 250 285 Volts 
7 9 13 Watts 

4.2 5.0 6.8 Watts 
125 188 250 Watts 
38 47 SO Watts 
87 141 200 Watts 

PLATE MODULATED RADIO FREQUENCY 
POWER AMPLIFIER 
Class-C Telephony (Carrier conditions, per tube)' 
MAXIMUM RATINGS 
D-C PLATE VOLTAGE 
D-C PLATE CURRENT 
PLATE DISSIPATION - 
GRID DISSIPATION - 

1600 MAX. VOLTS 
120 MAX. MA. 
33 MAX. WATTS 
15 MAX. WATTS 

TYPICAL OPERATION 
D-C Plate Voltage 750 1000 1500 Volts 
D-C Grid Voltage   —100 —125 —150 Volts 
D-C Plate Current 95 100 90 Ma. 
D-C Grid Current 40 40 40 Ma. 
Peak R-F Driving Voltage (approx.) 210 240 270 Volts 
Driving Power (approx.) 9 10 11 Watts 
Plate Dissipation 20 25 30 Watts 
Plate Input 70 100 135 Watts 
Plate Power Output 50 75 105 Watts 

*Adjust for stated zero-signal plate current. 

' The performance figures listed under Typical Operation are for radio frequencies up to the VHF region and are obtained by calculation from the characteristic 
tube curves and confirmed by direct tests. The driving power given includes power taken by the tube grid and the bias circuit. The driving power and output 
power do not allow for losses in the associated resonant circuits. These losses are not included because they depend principally upon the design and choice 
of the circuit components. 

(Effective 6-15-51) Copyright, 1951 by Eitel-McCullough, Inc. >Indicates change from sheet dated 5-1-45. 
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35T 

DRIVING POWER vs. POWER OUTPUT 

• 
28.6 

The three charts on this page show 

the relationship of plate efficiency, 

power output and grid driving power 

at plate voltages of 1000, 1500 and 

2000 volts. These charts show com-

bined grid and bias losses only. The 

driving power and power output fig-

ures do not include circuit losses. The 

plate dissipation in watts is indicated 

by Pp . 

Points A, B, and C are identical to the 

typical Class C operating conditions 

shown on the first page under 1000, 

1500, and 2000 volts respectively. 
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HIGH-MU TRIODE 

• 

EITEL-McCULLOUGH, INC. 
SAN BRUNO, CALIFORNIA 

The Eimac 35TG is a high-mu triode intended for use as an amplifier, oscillator, or modulator 
in applications particularly suited to the side grid connection. It is basically the same as the Eimac 
351 except that the grid terminal is brought out at the side of the bulb. The 35TG has a maximum 
plate dissipation rating of 50 watts and delivers plate power output in the range of 100 to 200 watts 
at plate voltages of 1000 to 2000 volts. The tube can be operated at maximum ratings up to 100 Mc. 
Cooling is by radiation and the free circulation of air. 

The 35TG in class-C r-f service will deliver up to 200 watts plate power output with 13 watts 
driving power. Two 35TG's in class-AB, modulator service will deliver up to 235 watts maximum signal 
plate power output with 8 watts driving power. 

GENERAL CHARACTERISTICS 
ELECTRICAL 

Filament: Thoriated tungsten 
Voltage 
Current 

Amplification factor (Average) 
Direct Interelectrode Capacitances (Average) 

Grid-Plate - 
Grid-Filament 
Plate-Filament 

Transconductance lb=100 ma., Eb=2000v., Ee= —30v.) 
Frequency for Maximum Ratings - 

MECHANICAL 
Base: Medium 4-pin bayonet. Fits E. F. Johnson Co. 122-224, National XC-4 

or CIR-4 sockets, or equivalent. 
Basing - See outline drawing 
Mounting Position Vertical, base down or up. 
Cooling Convection and radiation. 
Recommended Heat Dissipating Plate and Grid Connectors 
Maximum Overall Dimensions: 

Length - 
Diameter 

Net Weight 
Shipping Weight (Average) 

5.0 volts 
4.0 amperes 
39 

1.6 µ.µ,fd 
2.5 µIL{ d 

0.25 itp.fd 

2850 Lmhos 
100 Mc. 

MODULATOR 

OSCILLATOR 

AMPLIFIER 

Eimac HR-3 

5.5 inches 
1.8 inches 
2.5 ounces 

1.25 pounds 

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

MAXIMUM RATINGS (Frequencies up to 100 Mc) 
2000 MAX. VOLTS 
150 MAX. MA 
50 MAX. WATTS 
15 MAX. WATTS 

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

TYPICAL OPERATION (Frequencies up to 30 Mc)' 

D-C Plate Voltage 1000 1500 2000 Volts 
D-C Grid Voltage 60 —120 —135 Volts 
D-C Plate Current 125 125 125 Ma 
D-C Grid Current (approx.) 40 40 45 Ma 
Peak R-F Grid Input Voltage (approx.) 165 250 285 Volts 
Driving Power (approx.)   7 9 13 Watts 
Grid Dissipation 4.2 5.0 6.8 Watts 
Plate Dissipation 38 47 50 Watts 
Plate Power Input 125 188 250 Watts 
Plate Power Output   87 141 280 Watts 

1The performance figures listed under Typical Operation are for radio frequencies up to the VHF region and are obtained by calculation from the characteristic 
tube curves and confirmed by direct tests. The driving power given includes power taken by the tube grid and the bias circuit. The driving power and output 
power do not allow for losses in the associated resonant circuits. These losses are not included because they depend principally upon the design and choice 
of the circuit components. 

IF IT IS DESIRED TO OPERATE THIS TUBE UNDER CONDITIONS WIDELY DIFFERENT FROM THOSE GIVEN UNDER "TYPICAL OPERATION", AND WHICH 
POSSIBLY EXCEED MAXIMUM RATINGS, WRITE EITEL-McCULLOUGH, INC., FOR INFORMATION AND RECOMMENDATIONS. 

(Effective 10-1-51) Copyright 1951 by Eifel-McCullough, Inc. Indicates change from sheet dated 5-1-45. 



35TG 

> AUDIO FREQUENCY POWER AMPLIFIER 
OR MODULATOR 
Class-AB, 

MAXIMUM RATINGS (Per tube) 

D-C PLATE VOLTAGE - 

D-C PLATE CURRENT 

PLATE DISSIPATION - 

GRID DISSIPATION - 

2000 MAX. VOLTS 

150 MAX. MA 

50 MAX. WATTS 

15 MAX. WATTS 

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

D-C Plate Voltage 
D-C Grid Voltage (approx.)* - 

Zero-Signal D-C Plate Current - 
Max-Signal D-C Plate Current - 

Effective Load Plate-to-Plate - - - 

Peak A-F Grid Input Voltage (per tube) - 
Peak Driving Power (approx.) - - 
Nominal Driving Power (approx.) - - 

Max-Signal Plate Power Output — - 
*Adjust for stated zero-signal plate current. 

600 1000 1500 2000 Volts 
0 —8 —25 —40 Volts 

90 67 45 34 Ma 

300 240 200 167 Ma 
4250 7900 16,200 27,500 Ohms 
115 120 125 130 Volts 
18 14 10 8 Watts 
9 7 5 4 Watts 

95 140 200 235 Watts 

>PLATE MODULATED RADIO FREQUENCY 
POWER AMPLIFIER 
Class-C Telephony (Carrier conditions, per tube) 

MAXIMUM RATINGS (Frequencies up to 100 Mc) 

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

1600 MAX. VOLTS 
120 MAX. MA 
33 MAX. WATTS 
15 MAX. WATTS 

TYPICAL OPERATION (Frequencies up to 30 Mc)' 

D-C Plate Voltage 

D-C Grid Voltage 
D-C Plate Current 
D-C Grid Current (approx.) 

Peak R-F Grid Input Voltage (approx.) - 
Driving Power (approx.)   
Plate Dissipation 

Plate Power Input 
Plate Power Output   

750 1000 1500 Volts 
—100 —125 —150 Volts 

95 100 90 Ma 

40 40 40 Ma 
210 240 270 Volts 
9 10 II Watts 

20 25 30 Watts 
70 100 135 Watts 
50 75 105 Watts 

,The performance figures listed under Typical Operation are for radio frequencies up to the VHF region and are obtained by calculation from the characteristic 
tube curves and confirmed by direct tests. The driving power given includes power taken by the tube grid and the bias circuit. The driving power and output 

power do not allow for losses in the associated resonant circuits. These losses are not included because they depend principally upon the design and choice 

of the circuit components. 

24±a 

.068±.003 

a MIN. 

.068± .003 

MEDIUM FOUR PIN 
BAYONET BASE  

ALL DIMENSIONS IN INCHES  

BOTTOM VIEW 

FILAMENT 

FILAMENT 

Indicates change from sheet dated 5-1-45. 
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35TG  

DRIVING POWER vs. POWER OUTPUT 

• 

The three charts on this page show 

the relationship of plate efficiency, 

power output and grid driving power 

at plate voltages of 1000, 1500 and 

2000 volts. These charts show com-

bined grid and bias losses only. The 

driving power and power output fig-

ures do not include circuit losses. The 

plate dissipation in watts is indicated 

by Pp . 

Points A, B, and C are identical to the 

typical Class C operating conditions 

shown on the first page under 1000, 

1500, and 2000 volts respectively. 
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Transconductance (1b=225 ma., Eb=3000 v.) 

111, Highest Frequency for Maximum Ratings . 

E IT EL-Mc Ç UL LOU GI-I, INC. 
SAN BRUNO, CALIFORNIA 

The Eimac 75TH is a medium-mu power Mode intended for use as an amplifier, oscillator, or 
modulator. It has a maximum plate dissipation rating of 75 watts and a maximum plate voltage rating 
of 3000 volts at frequencies up to 40 Mc. Forced-air cooling is not required in properly designed 
equipment operating at frequencies below 40 Mc. 

The 75TH in Class-C R-F service will deliver up to 225 watts plate power output with 10 watts 
driving power. Two 75TH's in Class-B modulator service will deliver up to 300 wafts maximum-signal 
plate power output with 3 watts driving power. 

GENERAL CHARACTERISTICS 

ELECTRICAL 
Filament: Thoriated Tungsten 

Voltage 5  0 volts 

Current 625 amperes 

Amplification Factor (Average)   20 
Direct Interelectrode Capacitances (Average) 

Grid-Plate 2.3 ilittf 

Grid-Filament  2.7 4ttp,f 
Plate-Filament 03 i,tp,f 

4150 mhos 

- 40 Mc 

MECHANICAL 
Base   Medium 4-pin bayonet 
Basing See outline drawing 

- Johnson type No. 122-224, National type No. XC-4 or CIR-4, or equivalent Socket - - 
Mounting Position 
Cooling 
Maximum Temperature of Plate and Grid Seals 
Recommended Heat Dissipating Connectors: 

Plate   

MEDIUM-MU TRIODE 

MODULATOR 

OSCILLATOR 

AMPLIFIER 

Grid 

Vertical, base down or up 
Convection and radiation 
  225°C 

Maximum Overall Dimensions: 
Length 
Diameter   

Net Weight 
Shipping Weight (Average) 

Eimac HR-3 
Eimac HR-2 

7.25 inches 
2.81 inches 
3 ounces 

1.5 pounds 

RADIO FREQUENCY POWER AMPLIFIER 
AND OSCILLATOR 
Class-C Telegraphy (Key-down conditions, I tube) 

MAXIMUM RATINGS (Frequencies up to 40 Mc.) 

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

3000 MAX. VOLTS 
225 MAX. MA. 
75 MAX. WATTS 
16 MAX. WATTS 

TYPICAL OPERATION (Frequencies up to 40 Mc.) 

D-C Plate Voltage   1000 1500 
D-C Grid Voltage   —80 —125 
D-C Plate Current  215 167 

Ills D-C Grid Current (approx.) - - , - 35 23 
lis Peak R-F Grid Inppt Voltage (approx.) 270 280 

Driving Power (approx.) - - - 9 6 
Plate Power Input  215 250 
Plate Dissipation 75 75 
Plate Power Output   140 175 

2000 volts 
—200 volts 

150 ma. 
32 ma. 

350 volts 
10 watts 

300 watts 
75 watts 

225 watts 

PLATE MODULATED RADIO 
FREQUENCY AMPLIFIER 
Class-C Telephony (Carrier conditions, per tube) 

MAXIMUM RATINGS (Frequencies up to 40 Mc.) 

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

2400 MAX. VOLTS 
180 MAX. MA. 
50 MAX. WATTS 

16 MAX. WATTS 

TYPICAL OPERATION (Frequencies up to 40 Mc.) 
D-C Plate Voltage 
D-C Grid Voltage 
D-C Plate Current 
D-C Grid Current (approx.) - - 
Peak R-F Grid Input Voltage (approx) 
Driving Power (approx.) - - - - 
Grid Dissipation 
Plate Power Input 
Plate Dissipation 
Plate Power Output - - - - - 

1000 1500 
—150 —200 

115 
14 

330 

135 
20 

300 
6 
3 

135 
50 
85 

2 
175 
50 
125 

2000 
—300 

110 
15 

440 
5 6 

2 
220 
50 
170 

volts 
volts 
ma. 
ma. 
volts 
watts 
watts 
watts 
watts 
watts 

AUDIO FREQUENCY POWER AMPLIFIER 
AND MODULATOR 
Class-B 

MAXIMUM RATINGS (Per tube) 

D-C PLATE VOLTAGE 

MAX-SIGNAL D-C PLATE CURRENT 

PLATE DISSIPATION 

GRID DISSIPATION   

3000 MAX. VOLTS 

225 MAX. MA. 

75 MAX, WATTS 

16 MAX. WATTS 

TYPICAL OPERATION (Sinusoidal wave, two tubes unless otherwise specified) 
, D-C Plate Voltage   1000 1500 2000 volts 
p D-C Grid Voltage (approx.) , - - —30 —60 —90 volts 
Zero-Signal D-C Plate Current - 90 67 50 ma. 
Max-Signal D-C Plate Current - - 350 267 225 ma. 
Effective Load, Plate-to-Plate - - 5300 11,400 19,300 ohms 
Peak A-F Grid Input Voltage (per tube) 175 165 175 volts 
Max-Signal Driving Power (approx.) - 7 4 3 watts 
Max-Signal Plate Dissipation (per tube) 75 75 75 watts 

, Max-Signal Plate Power Output - - 200 250 300 watts 
p Total Harmonic Distortion - - - 1.5 2.0 2.0 per cent 
,Adjust to give stated zero-signal plate current. 

IF IT IS DESIRED TO OPERATE THIS TUBE UNDER CONDITIONS WIDELY DIFFERENT FROM THOSE GIVEN UNDER "TYPICAL OPERATION", 

POSSIBLY EXCEEDING MAXIMUM RATINGS, WRITE EITEL-McCULLOUGH, INC., FOR INFORMATION AND RECOMMENDATIONS. 

(Effective 1-2-52) Copyright 1952 by Eitel-McCullough, Inc. >Indicates change from sheet dated 7-1-44. 



 10000.001.1.. 75TH 

MECHANICAL 
Mounting—The 75TH must be mounted vertically, base 
down or up. The plate and grid leads should be flexible. 
The tube must be protected from vibration and shock. 
Cooling—Heat Dissipating Connectors (Eimac HR-3 and 
HR-2) should be used at the plate and grid terminals of 
the 75TH. If the free circulation of air around the tube 
is restricted, a small fan or centrifugal blower should be 
used to provide additional cooling for the plate and 
grid seals. 

Cooling requirements will be met if the temperature of 
the plate and grid seals is not allowed to exceed 225°C. 
One method of measuring these temperatures is provided 
by the use of "Tempilaq", a temperature-sensitive lacquer 
available from the Tempil Corporation, New York 11, N.Y. 

ELECTRICAL 
Filament Voltage—For maximum tube life the filament 
voltage, as measured directly at the base pins, should be 
the rated value of 5.0 volts. Variations must be kept 
within the range of 4.75 to 5.25 volts. 
Bias Voltage—Although there is no maximum limit on 
the bias voltage which may be used on the 75TH, there 
is little advantage in using bias voltages in excess of 
those given under "Typical Operation," except in certain 
very specialized applications. Where bias is obtained by 
a grid leak, suitable protective means must be provided 
to prevent excessive plate dissipation in the event of loss 
of excitation. 

Indicates change from sheet dated 7-1-44. 

APPLICATION 

Plate Voltage—The plate-supply voltage for the 75TH 
should not exceed 3000 volts. In most cases there is little 
advantage in using plate-supply voltages higher than 
those given under "Typical Operation" for the power 
output desired. 
Grid Dissipation—The power dissipated by the grid of the 
75TH must not exceed 16 watts. Grid dissipation may be 
calculated from the following expression: 

Pg=e,Ig 
where Pg= Grid dissipation, 

e„ =Peak positive grid voltage, and 
=D-c grid current. 

e, may be measured by means of a suitable peak 
voltmeter connected between filament and grid'. In 
equipment in which the plate loading varies widely, such 
as oscillators used for radio-frequency heating, care 
should be taken to make certain that the grid dissipation 
does not exceed the maximum rating under any condition 
of loading. 
Plate Dissipation—The plate of the 75TH operates at a 
visibly red temperature at its maximum rated dissipation 
of 75 watts. Plate dissipation in excess of the maximum 
rating is permissible only for short periods of time, such 
as during tuning procedures. 

1 For suitable peak v.t.v.m. circuits see, for instance, "Vacuum Tube 
Ratings", Eimac News, January, 1945. This article is available in reprint 
form on request. 
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DRIVING POWER vs. POWER OUTPUT 

• 

The three charts on this page show 

the relationship of plate efficiency, 

power output and grid driving power 

at plate voltages of 1000, 1500 and 

2000 volts. These charts show com-

bined grid and bias losses only. The 

driving power and power output fig-

ures do not include circuit losses. The 

plate dissipation in watts is indicated 

by Pp. 

Points A, B, and C are identical to the 

typical Class C operating conditions 

shown on the first page under 1000, 

1500, and 2000 volts respectively. 

CI 
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7 5 T L 
LOW-MU TRIODE 

e 

MODULATOR 

OSCILLATOR 

AMPLIFIER 

The Eimac 75TL is a low-mu power triode intended for use as an amplifier, oscillator, or 
modulator. It has a maximum plate dissipation rating of 75 watts and a maximum plate voltage rating 
of 3000 volts at frequencies up to 40 Mc. Forced-air cooling is not required in properly designed 
equipment operating at frequencies below 40 Mc. 

The 75TL in Class-C R-F service will deliver up to 225 watts plate power output with 8 watts 
driving power. Two 75TL's in Class-B modulator service will deliver up to 350 watts maximum-signal 
plate power output with 5 watts driving power. 

GENERAL CHARACTERISTICS 
ELECTRICAL 

Filament: Thoriated tungsten 
Voltage   5.0 volts 
Current 6.25 amperes 

Amplification Factor (Average)   12 
Direct Interelectrode Capacitances (Average) 

Grid-Plate 
Grid-Filament - 

Plate-Filament   
Transconductance (lb=--225 ma., Eb=2500v.) 
Highest Frequency for Maximum Ratings - 

MECHANICAL 
Base 

Basing 
Socket - - 
Mounting Position 
Cooling   

2.4 ty,f 
2.6 p, iuf 
0.4 

3350 mhos 

- 40 Mc. 

Medium 4-pin bayonet 
See outline drawing 

Johnson type No. 122-224, National type No. XC-4 or CIR-4, or equivalent 

1 

Vertical, base down or up 

Convection and radiation 

Maximum Temperature of Plate and Grid Seals 225°C 

Recommended Heat Dissipating Connectors: 
Plate 
Grid 

Maximum Overall Dimensions: 
Length 
Diameter 

Net Weight   
Shipping Weight (Average)   

Eimac HR-3 
Eimac HR-2 

7.25 inches 
2.81 inches 
3 ounces 
1.5 pounds 

RADIO FREQUENCY POWER AMPLIFIER 
AND OSCILLATOR 
Class-C Telegraphy (Key-down conditions, I tube) 

MAXIMUM RATINGS (Frequencies up to 40 Mc.) 
D-C PLATE VOLTAGE 
D-C PLATE CURRENT 
PLATE DISSIPATION 
GRID DISSIPATION 

3000 MAX. VOLTS 
225 MAX. MA. 
75 MAX. WATTS 
13 MAX. WATTS 

TYPICAL OPERATION (Frequencies up to 40 Mc.) 
D-C Plate Voltage 
D-C Grid Voltage 
D-C Plate Current 
D-C Grid Current 
Peak R-F Grid Input Voltage 
Driving Power (approx.) 
Plate Power Input 
Plate Dissipation 
Plate Power Output 

(approx.) - 
- - 

1000 
—150 

215 
- 28 

320 
8 

215 
75 
140 

1500 2000 volts 
—250 —300 volts 

167 150 ma. 
22 21 ma. 

355 425 volts 
6 8 watts 

250 300 watts 
75 75 watts 
175 225 watts 

PLATE MODULATED RADIO 
FREQUENCY AMPLIFIER 
Class-C Telephony (Carrier conditions, per tube) 

MAXIMUM RATINGS (Frequencies up to 40 Mc.) 

D-C PLATE VOLTAGE 

D-C PLATE CURRENT 

PLATE DISSIPATION 

GRID DISSIPATION   

2400 MAX. VOLTS 

180 MAX. MA. 

50 MAX. WATTS 

16 MAX. WATTS 

TYPICAL OPERATION (Frequencies up to 40 Mc.) 
D-C Plate Voltage   
Total Bias Voltage   
Fixed Bias Voltage   
Grid Resistor 
D-C Plate Current 
D-C Grid Current (approx.) 
Peak R-F Grid Input Voltage (approx.) - 
Driving Power (approx.) 
Grid Dissipation 
Plate Power Input 
Plate Dissipation 
Plate Power Output   

1000 1500 2000 volts 
250 —370 —500 volts 
130 —260 —380 volts 

7500 6000 6010300 rna ohm. s 
135 130 
16 18 20 ma. 

410 545 695 volts 
6 10 14 watts 
2 3 4 watts 

135 195 260 watts 
50 50 50 watts 
85 145 210 watts 

AUDIO FREQUENCY POWER AMPLIFIER 
AND MODULATOR 
Class—AB, 

MAXIMUM RATINGS (Per tube) 

D-C PLATE VOLTAGE 

MAX-SIGNAL D-C PLATE CURRENT 

PLATE DISSIPATION 

3000 MAX. VOLTS 

225 MAX. MA. 

, 75 MAX. WATTS 

TYPICAL OPERATION (Sinusoidal wave, two tubes unless otherwise specified) 
D-C Plate Voltage 
D-C Grid Voltage' 
Peak A-F Grid Input Voltage (per tube) 
Zero-Signal D-C Plate Current - - - 
Max-Signal D-C Plate Current — - 
Driving Power 
Effective Load, Plate-to-Plate - - - 
Max-Signal Plate Power Output - - - 
Max-Signal Plate Dissipation (per tube) - 
Total Harmonic Distortion - - 

1500 2000 volts 
—130 —190 volts 

130 190 volts 
67 50 ma. 
143 130 ma. 
O 0 watt 

10,200 21,200 ohms 
64 110 waits 
75 75 watts 
3.0 3.5 per cent 

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

Effective I-2-52) Copyright, 1952 by E et-McCullougn, inc. >Indicates change f,om sheet dated 4.I-46 



 .000.0101. 75TL 

AUDIO FREQUENCY POWER AMPLIFIER 
AND MODULATOR 
Class—A82 

MAXIMUM RATINGS (Per tube) 

D-C PLATE VOLTAGE 

MAX-SIGNAL D-C PLATE CURRENT 

PLATE DISSIPATION 

GRID DISSIPATION   

3000 MAX. VOLTS 

225 MAX. MA. 

MAX. WATTS 

13 MAX. WATTS 

111 TYPICAL OPERATION (Sinusoidal wave, two tubes 
D-C Plate Voltage 1000 
D-C Grid Voltage'   —70 
Peak A-F Grid Input Voltage (per tube) 215 
Zero-Signal D-C Plate Current - - 100 
Max-Signal D-C Plate Current - 350 
Max-Signal Avg. Driving Power (approx.) 7 
Max-Signal Peak Driving Power - 26 
Effective Load, Plate-to-Plate - - 5300 
Max-Signal Plate Power Output - - 200 
Max-Signal Plate Dissipation (per tube) 75 
Total Harmonic Distortion - — 2.0 

unless otherwise specified) 

1500 2000 volts 
—130 —190 volts 

250 300 volts 
67 50 ma. 

285 250 ma. 
6 5 watts 

23 19 watts 
11,000 18,000 ohms 

280 350 watts 
75 75 watts 
43 6.0 per cent 

'Adjust to give stated zero-signal plate current. The effective grid. 
circuit resistance for each tube must not exceed 250,000 ohms in class-
A13, operation. 

APPLICATION 

MECHANICAL 
Mounting—The 75TL must be mounted vertically, base 
down or up. The plate and grid leads should be flexible. 
The tube must be protected from vibration and shock. 
Cooling--Heat Dissipating Connectors (Eimac HR-3 and 
HR-2) should be used at the plate and grid terminals of 
the 75TL. If the free circulation of air around the tube is 
restricted, a small fan or centrifugal blower should be 
used to provide additional cooling for the plate and grid 
seals. 

Cooling requirements will be met if the temperature of 
the plate and grid seals is not allowed to exceed 225°C. 
One method of measuring these temperatures is provided 
by the use of "Tempilaq", a temperature-sensitive lacquer 
available from the Tempil Corporation, New York 11, N.Y. 

ELECTRICAL 
Filament Voltage—For maximum tube life the filament 
voltage, as measured directly at the base pins, should be 
the rated value of 5.0 volts. Variations must be kept 
within the range of 4.75 to 5.25 volts. 
Bias Voltage—Although there is no maximum limit on 
the bias voltage which may be used on the 75TL, there 
is little advantage in using bias voltages in excess of 
those given under "Typical Operation," except in certain 
very specialized applications. Where bias is obtained by 
a grid leak, suitable protective means must be provided 
to prevent excessive plate dissipation in the event of loss 
of excitation. 

Plate Voltage—The plate-supply voltage for the 75TL 
should not exceed 3000 volts. In most cases there is little 
advantage in using plate-supply voltages higher than 
those given under "Typical Operation" for the power 
output desired. 
Grid Dissipation—The power dissipated by the grid of the 
75TL must not exceed 13 watts. Grid dissipation may be 
calculated from the following expression: 

Pg = eo mpIe 
where Pg =Grid dissipation, 

ec., = Peak positive grid voltage, and 
I, —D-e grid current. 

may be measured by means of a suitable peak 
voltmeter connected between filament and grid.' In 
equipment in which the plate loading varies widely, such 
as oscillators used for radio-frequency heating, care 
should be taken to make certain that the grid dissipation 
does not exceed the maximum rating under any condition 
of loading. 
Plate Dissipation—The plate of the 75TL operates at a 
visibly red ,temperature at its maximum rated dissipation 
of 75 watts. Plate dissipation in excess of the, maximum 
rating is permissible only for short periods of time, such 
as during tuning procedures. 

'For suitable peak v.t.v.m. circuits see, for instance, "Vacuum Tube 
Ratings", Eimac News, January, 1945. This article is available in reprint 
form on request. 

Indicates change from sheet dated 4-1-46. 
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DRIVING POWER vs. POWER OUTPUT 
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The three charts on this page show 

the relationship of plate efficiency, 

power output and grid driving power 

at plate voltages of 1000, 1500 and 

2000 volts. These charts show com-

bined grid and bias losses only. The 

driving power and power output fig-

ures do not include circuit losses. The 

plate dissipation in watts is indicated 

by P. 

Points A, B, and C are identical to the 

typical Class C operating conditions 

shown on the first page under 1000, 

1500, and 2000 volts respectively. 
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100TH 
HIGH-MU TRIODE 

El TEL-McCULLO UGH, INC. 
SAN BRUNO, CALIFORNIA 

The Eimac 100TH is a high-mu power triode having a maximum plate dissipation rating of 100 
watts, and is intended for use as an amplifier, oscillator, or modulator. It can be used a+ its maximum 
ratings at frequencies as high as 40-Mc. 

Cooling of the 100TH is accomplished by radiation from the plate, which operates a+ a visible 
red color at maximum dissipation, and by means of air circulation by convection around the envelope. 

GENERAL CHARACTERISTICS 
ELECTRICAL 

Filament: Thoriated tungsten 
Voltage 
Current   

>Amplification Factor (Average) 
Direct lnterelectrode Capacitances (Average) 

Grid-Plate   
Grid-Filament   
> Plate-Filament 

> Transconductance (ib=200 ma., Eb:=3000v., ec= —5v.) 
Frequency for Maximum Ratings   

MECHANICAL 
Base - - - (Medium 4-pin bayonet, ceramic) RMA type M8-078 
Basing   RMA type 2M 

> Mounting   Vertical, base down or up. 
Cooling   Convection and Radiation. 

> Recommended Heat Dissipating Connectors: 
Plate 
Grid 

5.0 volts 
6.3 amperes 

38 

2.0 1.1. 

2.9 Kuf 
0.3 iti.xf 

4500 p, mhos 
40 Mc. 

MODULATOR 

OSCILLATOR 

AMPLIFIER 

fill 

Maximum Overall Dimensions: 
Length   
Diameter 

Net weight   
Shipping weight (Average) 

AUDIO FREQUENCY POWER AMPLIFIER 
AND MODULATOR 
Class-AB, (Sinusoidal wave, two tubes unless otherwise specified) 

MAXIMUM RATINGS 

D-C PLATE VOLTAGE - - - 

MAX-SIGNAL D-C PLATE CURRENT, 
PER TUBE 

PLATE DISSIPATION, PER TUBE - 

3000 MAX. VOLTS 

225 MAX. MA. 

100 MAX. WATTS 

>TYPICAL OPERATION 

D-C Plate Voltage - - - 
D-C Grid Voltage (approx.)* - 
Zero-Signal D-C Plate Current - 
Max-Signal D-C Plate Current - - 
Effective Load, Plate-to-Plate - - 
Peak A-F Grid Input Voltage (per tube) - 
Max-Signal Peak Driving Power - - 
Max-Signal Nominal Driving Power (approx.) 
Max-Signal Plate Power Output - - 
*Adjust to give stated zero signal plate current. 

Eimac HR-6 
Eimac HR-2 

7.75 inches 
3.19 inches 
4 ounces 

1.5 pounds 

1500 2000 2500 Volts 
—20 —35 —50 Volts 

80 60 48 Ma. 
320 280 250 Ma. 

8800 15,000 22,000 Ohms. 
145 150 155 Volts 
18 19 15 Watts 
9 9.5 7.5 Watts 

280 360 425 Watts 

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

MAXIMUM RATINGS 

D-C PLATE VOLTAGE - 

D-C PLATE CURRENT - 

PLATE DISSIPATION - 
>GRID DISSIPATION - 

3000 MAX. VOLTS 

225 MAX. MA. 
100 MAX. WATTS 

20 MAX. WATTS 

TYPICAL OPERATION 

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

1500 2000 3000 Volts 
—65 —80 —200 Volts 
190 165 165 Ma. 
48 39 51 Ma. 

230 230 385 Volts 
10 8 18 Watts 
7 5 10 Watts 

285 335 500 Watts 
100 100 100 Watts 
185 235 400 Watts 

>PLATE MODULATED RADIO FREQUENCY 
AMPLIFIER 
Class-C Telephony (Carrier conditions, per tube) 

MAXIMUM RATINGS 

D-C PLATE VOLTAGE - 2500 MAX. VOLTS 

D-C PLATE CURRENT - 180 MAX. MA. 
PLATE DISSIPATION - 65 MAX. WATTS 

GRID DISSIPATION - 20 MAX. WATTS 

(Effective 4-1-49) Copyright, 1949 by Eitel-McCullough, Inc. 

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

1500 
—150 

160 
46 
325 
15 

240 
65 
175 

2000 2500 Volts 
—200 —250 Volts 

150 140 Ma. 
41 40 Ma. 
375 
15.5 
7.3 
300 
65 

235 

425 Volts 
17 Watts 
7 Watts 

350 Watts 
65 Watts 

285 Watts 

>Indicates change from sheet dated 8-1-44. 
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DRIVING POWER vs, POWER OUTPUT 

• 

The three charts on this page show 

the relationship of plate efficiency, 

power output and grid driving power 

at plate voltages of 1500, 2000 and 

3000 volts. These charts show com-

bined grid and bias losses only. The 

driving power and power output fig-

ures do not include circuit losses. The 

plate dissipation in watts is indicated 

by Pp. 

Points A, B, and C are identical to the 

typical Class C operating conditions 

shown on the first page under 1500, 

2000, and 3000 volts respectively. 
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100TL 

EITEL -Mc CUL LO U G H, INC. 
SAN BRUNO, CALIFORNIA 

The Eimac 100TL is a low-mu power triode having a maximum plate dissipation rating of 100 
watts, and is intended for use as an amplifier, oscillator or modulator. It can be used at its maximum 
ratings at frequencies as high as 40-Mc. 

Cooling of the 100TL is accomplished by radiation from the plate, which operates at a visible 
red color at maximum dissipation, and by means of air circulation by convection around the envelope. 

GENERAL CHARACTERISTICS 
ELECTRICAL 

Filament: Thoriated tungsten 
Voltage 
Current 

Amplification Factor (Average) 
Direct Interelectrode Capacitances (Average) 

Grid-Plate   
Grid-Filament   
Plate-Filament 

Transconductance (i b=225 ma., Eb=3000v., ec= —90v.) 
Frequency for Maximum Ratings   

MECHANICAL 
Base - - - 
Basing   
Mounting   
Cooling   

Recommended Heat Dissipating Connectors: 
Plate 
Grid   

Maximum Overall Dimensions: 
Length   
Diameter 

Net weight 
Shipping weight (Average) 

5.0 volts 
6.3 amperes 

14 

2.0 jup,f 
2.3 Kuf 
0.4 It'd 

3000 ilmhos 
40 Mc. 

(Medium 4-pin bayonet, ceramic) RMA type M8-078 
RMA type 2M 

Vertical, base down or up. 
Convection and Radiation. 

LOW-MU TRIODE 
• 

MODULATOR 

OSCILLATOR 

AMPLIFIER 

Eimac HR-6 
Eimac HR-2 

7.75 inches 
3.19 inches 
4 ounces 

1.5 pounds 

AUDIO FREQUENCY POWER AMPLIFIER 
AND MODULATOR 
Class-AB, (Sinusoidal wave, two tubes unless otherwise specified) 

MAXIMUM RATINGS 

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

MAX-SIGNAL D-C PLATE CURRENT, 
PER TUBE 225 MAX. MA. 

PLATE DISSIPATION, PER TUBE - 100 MAX. WATTS 

TYPICAL OPERATION 

D-C Plate Voltage   
D-C Grid Voltage (approx.)* - 
Zero-Signal D-C Plate Current - 
Max-Signal D-C Plate Current - - - 
Effective Load, Plate-to-Plate - - - 
Peak A-F Grid Input Voltage (per tube) - 
Max-Signal Peak Driving Power - - 
Max-Signal Nominal Driving Power (approx.) 
Max-Signal Plate Power Output - - 280 
'Adjust to give stated zero signal plate current. 

1500 2000 2500 Volts 
—65 —110 —145 Volts 

80 60 48 Ma. 
320 280 250 Ma. 

8800 15,000 22,000 Ohms 
235 270 290 Volts 
21 22 20 Watts 

10.5 11 10 Watts 
360 425 Watts 

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

MAXIMUM RATINGS 
D-C PLATE VOLTAGE 

D-C PLATE CURRENT 

PLATE DISSIPATION 

GRID DISSIPATION 

3000 MAX. VOLTS 
225 MAX. MA. 

100 MAX. WATTS 
15 MAX. WATTS 

TYPICAL OPERATION 

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

1500 2000 3000 Volts 
—175 —225 —400 Volts 

190 165 165 Ma. 
37 28 30 Ma. 

425 450 650 Volts 
14 II 20 Watts 
7.5 5 8 Watts 
285 335 500 Watts 
100 100 100 Watts 
185 235 400 Watts 

PLATE MODULATED RADIO FREQUENCY 
AMPLIFIER 
Class-C Telephony (Carrier conditions, per tube) 

MAXIMUM RATINGS 
D-C PLATE VOLTAGE - 2500 MAX. VOLTS 

D-C PLATE CURRENT - 180 MAX. MA. 
PLATE DISSIPATION - 65 MAX. WATTS 

GRID DISSIPATION - - - 15 MAX. WATTS 

TYPICAL OPERATION 

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

1500 2000 2500 Volts 
—300 —400 —500 Volts 

160 150 140 Ma. 
32 31 31 Ma. 
530 655 750 Volts 
17 20 23 Watts 
8 7.5 7.5 Watts 

240 300 350 Watts 
65 65 65 Watts 
175 235 285 Watts 

(Effective 4-1-49) Copyright, 194 9 by Eitel-McCullough, Inc. 111 Indicates change from sheet dated 7-1-44. 
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DRIVING POWER vs. POWER OUTPUT 

• 

The three charts on this page show 

the relationship of plate efficiency, 

power output and grid driving power 

at plate voltages of 1500, 2000 and 

3000 volts. These charts show com-

bined grid and bias losses only. The 

driving power and power output fig-

ures do not include circuit losses. The 

plate dissipation in watts is indicated 

by P p. 

Points A, B, and C are identical to the 

typical Class C operating conditions 

shown on the first page under 1500, 

2000, and 3000 volts respectively. 
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152 TH 
EITEL-MCC ULLOUGH, INC. 

SAW *RON°, CALIFORNIA 

MEDIUM MU TRIODE 

MODULATOR 

OSCILLATOR 

AMPLIFIER 

The Eimac 152TH is a medium-mu power triode intended for use as an amplifier, oscillator or 
modulator. It has a maximum plate-dissipation rating of 150 watts and a maximum plate-voltage rating 
of 3000 volts at frequencies up to 40 Mc. 

The I 52TH in class-C r-f service will deliver up to 600 watts plate power output with 27 watts 
driving power. Two I52TH's in class-B modulator service will deliver up to 600 watts maximum-signal 
plate power output with 8 watts nominal driving power. 

GENERAL CHARACTERISTICS 
ELECTRICAL 

Filament: Thoriated Tungsten 

Voltage 5.0 or 10.0 volts 

Current 12.5 or 6.25 amperes 
Amplification Factor (Average) 20 

Direct I nterelectrode Capacitances (Average) 
Grid-Plate 4.8 µmfd 
Grid-Filament 5.7 µµfd 
Plate-Filament 0.4 etisfd 

Transconductance (I b=500 ma., Eb=3000 v.) 8300 µmhos 
Highest Frequency for Maximum Ratings   40 Mc 

>MECHANICAL 
Base   Special 4-pin 
Basing See outline drawing 
Socket   Johnson type No. 124-213 or equivalent 
Mounting Position 
Cooling 
Maximum Temperature of Plate and Grid Seals 
Recommended Heat-Dissipating Connectors: 

Plate 
Grid 

Maximum Over-all Dimensions: 
Length 
Diameter 

Net Weight 
Shipping Weight 

Vertical, base down or up 
Convection and radiation 
  225° C 

Eimac HR-5 
Eimac HR-6 

7.63 inches 
2.57 inches 
8 ounces 

1.25 pounds 

RADIO-FREQUENCY POWER AMPLIFIER 
OR OSCILLATOR 
Class-C Telegraphy (Key-down conditions, one tube) 
MAXIMUM RATINGS (Frequencies up to 40 Mc.) 
D-C PLATE VOLTAGE - - 
D-C PLATE CURRENT 
PLATE DISSIPATION 
GRID DISSIPATION   

3000 MAX. VOLTS 
450 MAX. MA 
150 MAX. WAITS 
30 MAX. WATTS 

TYPICAL OPERATION Freuencies u to 40 Mc.) 
D-C Plate Voltage     -- -- -- - -1500 
D-C Grid Voltage   
D-C Plate Current   
D-C Grid Current*   
Peak R-F Grid Voltage 
Driving Power*   
Plate Power Input 
Plate Dissipation 
Plate Power Output   

2000 3000 volts 
—125 -200 -300 volts 
, 335 300 250 ma 

58 75 70 ma 
265 335 410 volts 
13 20 27 wattS 

500 600 750 watts 
150 150 150 watts 
350 450 600 watts 

>PLATE-MODULATED RADIO-FREQUENCY 
AMPLIFIER 
Class-C Telephony (Carrier conditions, per tube) 

MAXIMUM RATINGS (Frequencies up to 40 Mc.) 

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

2500 MAX. VOLTS 
350 MAX. MA 
100 MAX. WATTS 
30 MAX. WATTS 

TYPICAL OPERATION (Frequencies up to 40 Mc.) 
D-C Plate Voltage - - - - 1000 1500 
D-C Grid Voltage - - • - - -200 
D-C Plate Current - 270 235 
D-C Grid Current* - 40 28 
Peak R-F Grid Voltage 300 330 
Driving Power*   12 10 
Grid Dissipation* - - 6 4 
Plate Power Input - - 270 350 
Plate Dissipation - - 100 100 
Plate Power Output - - 170 250 

2000 
-300 
220 
30 

440 
12 
4 

440 
100 
340 

2500 
-350 
200 
30 

485 
15 
4 

500 
100 
400 

volts 
volts 
ma 
ma 
volts 
wafts 
watts 
watts 
watts 
watts 

>AUDIO-FREQUENCY POWER AMPLIFIER 
OR MODULATOR 

Class-B 

MAXIMUM RATINGS (Per tube) 

D-C PLATE VOLTAGE   

D-C PLATE CURRENT 

PLATE DISSIPATION 

3000 MAX. VOLTS 

450 MAX. MA 

150 MAX. WATTS 

TYPICAL OPERATION (Sinusoidal wave, two tubes unless otherwise specified) 
D-C Plate Voltage -----1500 2000 2500 volts 

-65 -95 -125 volts 
50 40 ma 

405 340 
11,000 17,000 

175 195 
17 16 
9 8 

810 850 
550 600 

Approximate values. 
'Adjust to give stated Zero-Signal D-C Plate Current. 

D-C Grid Voltage, 
Zero-Signal D-C Plate Current - 
Max-Signal D-C Plate Current - 
Effective Load, Plate-to-Plate - - 
Peak A-F Grid Voltage (per tube) - 
Max-Signal Peak Drivin9 Power* - 
Max-Signal Nominal Driving Power* 
Max-Signal Plate Power Input - - 
Max-Signal Plate Power Output - 

65 
515 

6000 
165 
25 
13 

775 
500 

ma 
ohms 
volts 
watts 
watts 
watts 
watts 

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

(Effective 11-25-52) Copyright 1952 by Eitel-McCullough, Inc. 'Indicates change from sheet dated 6-1-44. 



 000000.011 52TH 

MECHANICAL 
Mounting—The I 52TH must be mounted vertically, 
base down or up. The plate and grid leads should be 
flexible, and the tube must be protected from vibration 
and shock. 
Cooling—Heat Dissipating Connectors (Eimac HR-5 
and HR-6 or equivalent) must be used at the plate and 
grid terminals of the I 52TH. Forced-air cooling is not 
required in properly designed equipment operating at 
frequencies below 40 Mc. If the free circulation of air 
around the tube is restricted, a small fan or centrifugal 
blower should be used to provide additional cooling. 

The temperature of the plate and grid seals must not 
be allowed to exceed 225° C. One method of measuring 
these temperatures is by the use of "Tempilaq," a tem-
perature-sensitive lacquer manufactured by the Tempil 
Corporation, 132 W. 22nd St., New York II, N. Y. 

ELECTRICAL 
Filament Voltage—The filaments of the I 52TH may 
be operated either at 10.0 volts when connected in 
series or at 5.0 volts when connected in parallel (see 
basing diagram). For maximum tube life the filament 
voltage should be maintained at the rated value. Varia-
tions must not be allowed to exceed + 5%. 
Bias Voltage—When grid-leak bias is used, suitable 
protective means must be provided to prevent excessive 
plate dissipation in the event of loss of excitation, and 
the grid-leak resistor should be made adjustable to 

APPLICATION 

facilitate maintaining the bias voltage and plate current 
at the desired value from tube to tube. 
Grid Dissipation—The power dissipated by the grid 
of the I 52TH must not exceed 30 watts. Grid dissipa-
tion may be calculated from the following expression. 

Pg = eanpIC 

where Pg—grid dissipation, 
ec„,p—peak positive grid voltage, and 
Ic=d-c grid current. 

ecmp may be measured by means of a suitable peak-
reading voltmeter connected between filament and 
grid.' In equipment in which the plate loading varies 
widely, such as oscillators used for radio-frequency 
heating, care should be taken to make certain that the 
grid dissipation does not exceed the maximum rating 
under any condition of loading. 
Plate Dissipation—The plates of the I52TH operate 
at a visibly red color at the maximum rated dissipation 
of 150 watts. Plate dissipation in excess of the maximum 
rating is permissible only for short periods of time, such 
as during tuning procedures. 

'For suitable peak v.t.v.m. circuits see, for instance, "Vacuum 
Tube Ratings," Eimac News, January, 1945. This article is available 
in reprint form on request. 

le> Indicates change from sheet dated 6-1-44. 
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DRIVING POWER vs. POWER OUTPUT 
50 

• 

The three charts on this page show 

the relationship of plate efficiency, 

power output and grid driving power 

at plate voltages of 1500, 2000 and 

3000 volts. These charts show com-

bined grid and bias losses only. The 

driving power and power output fig-

ures do not include circuit losses. The 

plate dissipation in watts is indicated 

by Pp. 

Points A, B, and C are identical to the 

typical Class C operating conditions 

shown on the first page under 1500, 

2000, and 3000 volts respectively. 
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152.TL 
EITEL-McCULLOUGH, INC. 

SAN ORUNO, CALIFORNIA 

GENERAL CHARACTERISTICS 
ELECTRICAL 

Filament: Thoriated tungsten 
Voltage - - - - 
Current - - 

Amplification Factor (Average) 

5.0 of 10.0 volts 
12.5 or 6.25 amperes 

Direct Interelectrode Capacitances 
Grid-Plate 
Grid-Filament   
Plate-Filament   

(Average) 

Transconductance (i b= 500 ma., Eb= 3000 v., E, -=-85 v.) 

MECHANICAL 
Base   
Basing   
Maximum Overall Dimensions: 

Length   
Diameter 

Net weight   
Shipping weight (Average) 

12 

4.4 p..i,tf 
4.5 µ,µ,f 

0.7 iLki,f 

7150 umhos 

Special 4 pin, No. 5000B 
RMA type 4BC 

AUDIO FREQUENCY POWER AMPLIFIER AND MODULATOR 
Class B 

ZERO GRID CURRENT 
OPERATION-2 TUBES 

D-C Plate Voltage   1500 
Max.-Sig. D-C Plate Current, per tube* • 
Plate Dissipation, per tube* - 
D-C Grid Voltage (approx.) - —105 
Peak A-F Grid Input Voltage - - - 210 
Zero-Signal D-C Plate Current - 135 
Max.-Signal D-C Plate Current - - 286 
Max.-Signal Driving Power (approx.) 0 
Effective Load, Plate-to-Plate - - - 5100 
Max.-Signal Plate Power Output - - 130 
*Averaged over any sinusoidal audio frequency cycle. 

7.625 inches 
2.563 inches 

7 ounces 
2.0 pounds 

LOW-MU TRIODE 
• 

MODULATOR 

OSCILLATOR 

AMPLIFIER 

TYPICAL OPERATION 
2 TUBES 

2000 3000 1500 
• • • 

—160 —260 
320 520 
100 65 
260 220 
0 0 

10500 24000 
220 370 

RADIO FREQUENCY POWER AMPLIFIER AND OSCILLATOR 
Class-C *Telegraphy 
(Key down conditions without modulation) 

—105 —160 —260 
500 620 675 
135 100 65 
570 50O 335 
15 13 3 

5500 9000 20400 
560 700 700 

M AX. RATING 

2000 3000 3000 volts 
• • 450 ma. 
• • 150 watts 

volts 
volts 
ma. 
ma. 

watts 
ohms 
watts 

TYPICAL OPERATION—I TUBE M AX. RATING 

D-C Plate Voltage   1500 2000 3000 
D-C Plate Current   333 300 250 
D-C Grid Current   45 42 40 
D-C Grid Voltage   —250 —300 —400 
Plate Power Output   350 450 600 
Plate Input   500 600 750 
Plate Dissipation   150 150 150 
Peak R. F. Grid Input Voltage, (approx.) 400 455 550 
Driving Power, (approx.) 16 18 20 

3000 volts 
450 ma. 
75 ma. 

volts 
watts 
watts 

150 watts 
volts 
watts 

*The above figures show actual measured tube performance, and 

(Effective I-1-44) Copyright, 1946 by Eitel-McCullough, Inc. 

do not allow for variations in circuit losses. 
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DRIVING POWER vs. POWER OUTPUT 

• 

The three charts on this page show 

the relationship of plate efficiency, 

power output and grid driving power 

at plate voltages of 1500, 2000 and 

3000 volts. These charts show com-

bined grid and bias losses only. The 

driving power and power output fig-

ures do not include circuit losses. The 

plate dissipation in watts is indicated 

by P p. 

Points A, B, and C are identical to the 

typical Class C operating conditions 

shown on the first page under 1500, 

2000, and 3000 volts respectively. 
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.123±003 

PLATE 

I 3 
5i± r6 

GRID 
(4001C) 

FILAMENT 

FILAMENT 

7 MIN 

48C 

I 

-7 743 

16 16 

BASE NO. 5000B 

FILAMENT 

FILAMENT 

PLATE CAP 

(SEE TUBE OUTLINE DRAWIN(3) 

GRID CAP 

NO. 4001C 

+.005 
36°- .0101 

32 

BASE NO. 50006 

Mik 

*413 
64- MAX. 214 

249±002 DIA. 
4 PINS 

*ON FINSHED TUBE ADD .060 FOR SOLDER 

2-A4-68141 



304TH 
MEDIUM-MU TRIoDi 

El TEL-McCULLOUGH, INC. 
SAN BRUNO, CALIFORNIA 

• 

MODULATOR 

OSCILLATOR 

AMPLIFIER 

The Eimac 304TH is a medium-mu power triode intended for use as an amplifier, oscillator or 
modulator. It has a maximum plate-dissipation rating of 300 watts and a maximum plate-voltage rating 
of 3000 volts at frequencies up to 40 Mc. 

The 304TH in class-C r-f service will deliver up to 1200 watts plate power output with 53 watts 
driving power. Two 304TH's in class-AB2 modulator service will deliver up to 1400 watts maximum-
signal plate power output with 14 watts nominal driving power. 

GENERAL CHARACTERISTICS 
ELECTRICAL 

Filament: Thoriated Tungsten 

Voltage - - 
Current 

Amplification Factor (Average) - 

Direct lnterelectrode Capacitances (Average) 

Grid-Plate - - 
Grid-Filament 
Plate-Filament 

Transconductance (lb 1.0 amp., Eb = 3000 v.) 
Highest Frequency for Maximum Ratings 

MECHANICAL 
Base - - 
Basing 

Socket - 
Mounting Position 
Cooling - - 

Maximum Temperature of Plate and Grid Seals 

Recommended Heat-Dissipating Connectors: 
Plate - 
Grid - 

Maximum Over-all Dimensions: 

Length - 
Diameter 

Net Weight - 
Shipping Weight 

- 5.0 or 10.0 volts 

25.0 or 12.5 amperes 
- - - - 20 

- 10.2 µµf 
- 13.5 AO 
- 0.7 µAi 

- 16,700 µmhos 

- - 40 Mc 

- - Special 4-pin 
---- See outline drawing 

- Johnson type No. 124-213 or equivalent 
- - - - - - - - - >Vertical, base down or up 

- Convection and radiation 
225 ° C 

Eimac HR-7 
Eimac HR-6 

- 7.63 inches 

- 3.56 inches 
- 9 ounces 

- 3.0 pounds 

RADIO-FREQUENCY POWER AMPLIFIER 
OR OSCILLATOR 
Class-C Telegraphy (Key-down conditions, one tube) 

MAXIMUM RATINGS (Frequencies up to 40 Mc.) 

D-C PLATE VOLTAGE - - - - 3000 MAX. VOLTS 
D-C PLATE CURRENT 900 MAX. MA 
PLATE DISSIPATION 300 MAX. WATTS 
GRID DISSIPATION - 60 MAX. WATTS 

TYPICAL OPERATION (Frequencies up to 40 Mc.) 
D-C Plate Voltage - 
D-C Grid Voltage - 
D-C Plate Current - 
D-C Grid Current* - 
Peak R-F Grid Voltage 
Driving Power* 
Grid Dissipation" 
Plate Dissipation 
Plate Power Input - 
Plate Power Output - 

1500 
—125 

865 
115 
250 
25 
16 

300 
1000 
700 

2000 3000 volts 
—200 —300 volts 

600 500 ma 
125 135 ma 
325 395 volts 
39 53 watts 
12 16 watts 

300 300 watts 
1200 1500 watts 
900 1200 watts 

>PLATE-MODULATED RADIO-FREQUENCY 
AMPLIFIER 
Class-C Telephony (Carrier conditions, per tube) 

MAXIMUM RATINGS (Frequencies up to 40 Mc.) 

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

- - - - 2500 MAX. VOLTS 
- - - - 750 MAX. MA 

- 200 MAX. WATTS 
60 MAX. WATTS 

TYPICAL OPERATION (Frequencies up to 40 Mc.) 
D-C Plate Voltage - 
D-C Grid Voltage - 
D-C Plate Current - 
D-C Grid Current* - 
Peak R-F Grid Voltage 
Driving Power*   
Grid Dissipation* 
Plate Dissipation 
Plate Power Input 
Plate Power Output 

1500 
—200 

420 
55 

330 
18 
7 

200 
700 
500 

2000 
—300 

440 
60 

440 
26 
8 

200 
880 
680 

2500 volts 
—350 volts 

400 ma 
60 ma 

485 volts 
29 watts 
8 watts 

200 watts 
1000 watts 
800 watts 

>AUDIO-FREQUENCY POWER AMPLIFIER 
OR MODULATOR 
Class- A82 

MAXIMUM RATINGS (Per tube) 

D-C PLATE VOLTAGE 

D-C PLATE CURRENT 

PLATE DISSIPATION 

3000 MAX. VOLTS 

900 MAX. MA 

300 MAX. WATTS 

TYPICAL OPERATION (Sinusoidal wave, two tubes 
D-C Plate Voltage - - - - 1500 
D-C Grid Voltage' - - - - —65 
Zero Signal D-C Plate Current - 265 
Max. Signal D-C Plate Current - 1065 
Effective Load Plate-to-Plate - 2840 
Peak A-F Grid Voltage (per tube) - 165 
Max. Signal Peak Driving Power* - 50 
Max. Signal Nominal Driving Power" 25 
Max. Signal Plate Power Input - 1600 
Max. Signal Plate Power Output - - 1000 
'Approximate values. 
'Adjust to give stated Zero-Signal D-C Plate Current. 

unless otherwise specified.) 
2000 3000 volts 
—90 
200 
900 
4820 
175 
37 
19 

1800 
1200 

—150 volts 
135 ma 
665 ma 

10,200 ohms 
210 volts 
27 watts 
14 watts 

2000 watts 
1400 watts 

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

(Effective 4-10-53) Copyright 1953 by Eitel-McCullough, Inc. Ø. Indicates change from sheet doted 11-25-52 
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APPLICATION 

MECHANICAL 

Mounting—The 304TH must be mounted vertically, 
base down or up. The plate and grid leads should be 
flexible, and the tube must be protected from vibra-
tion and shock. 

Cooling—Heat Dissipating Connectors (Eimac HR-7 
and HR-6 or equivalent) must be used at the plate 
and grid terminals of the 304TH. Forced-air cooling 
is not required in properly designed equipment opera-
ting at frequencies below 40 Mc. If the free circula-
tion of air around the tube is restricted, a small fan 
or centrifugal blower should be used fo provide 
additional cooling. 
The temperature of the plate and grid seals must 

not be allowed to exceed 225° C. One method of 
measuring these temperatures is by the use of 
"Tempilaq," a temperature-sensitive lacquer manu-
factured by the Tempi! Corporation, 132 W. 22nd St., 
New York 11, N. Y. 

ELECTRICAL 

Filament Voltage—The filaments of the 304TH may 
be operated either at 10.0 volts when connected in 
series or at 5.0 volts when connected in parallel (see 
basing diagram). For maximum tube life the filament 
voltage should be maintained at the rated value. 
Variations must not be allowed to exceed -H 5%. 

Bias Voltage—When grid-leak bias is used, suitable 
protective means must be provided to prevent excessive 
plate dissipation in the event of loss of excitation, and 
the grid-leak resistor should be made adjustable to 
facilitate maintaining the bias voltage and plate cur-
rent at the desired value feom tube to tube. 

Grid Dissipation—The power dissipated by the grid 
of the 304TH must not exceed 60 watts. Grid dissipa-
tion may be calculated from the following expression. 

Pg = ecmplc 
where P,=grid dissipation, 

e,,5 = peak positive grid voltage, and 

Ic=d-c grid current. 

e, may be measured by means of a suitable peak-
reading voltmeter connected between filament and 
grid.' In equipment in which the plate loading varies 
widely, such as oscillators used for radio-frequency 
heating, care should be taken to make certain that the 
grid dissipation does not exceed the maximum rating 
under any condition of loading. 

Plate Dissipation—The plates of the 304TH operate 
at a visible red color at the maximum rated dissipation 
of 300 watts. Plate dissipation in excess of the maxi-
mum rating is permissible only for short periods of 
time, such as during tuning procedures. 

1For suitable peak v.t.v.m. circuits see, for instance, "Vacuum 
Tube Ratings," Minos News, January, 1945. This article is available 
in reprint form on request. 
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DRIVING POWER vs. POWER OUTPUT 

• 

The three charts on this page show 

the relationship of plate efficiency, 

power output and approximate grid 

driving power at plate voltages of 

1500, 2000 and 3000 volts. These 

charts show combined grid and bias 

losses only. The driving power and 

power output figures do not include 

circuit losses. The plate dissipation 

in watts is indicated by Pp. 

Points A, B, and C are identical to the 

typical Class C operating conditions 

shown on the first page under 1500, 

2000, and 3000 volts respectively. 
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304TL 
LOW-MU TRIODE 

EITEL-McCULLOUGH, INC. 
SAN BRUNO, CALIFORNIA 

The Eimac 304TL is a low-mu, power triode having a maximum plate dissipation rating of 300 watts, and is 
intended for use as an amplifier, oscillator or modulator, where maximum performance can be obtained at low 
plate voltage. It can be used at its maximum ratings at frequencies as high as 40-Mc. 

Cooling of the 304TL is accomplished by radiation from the plate, which operates at a visible red color at 
maximum dissipation, and by means of air convection around the envelope. 

GENERAL CHARACTERISTICS 
ELECTRICAL 

Filament: Thoriated tungsten 
Voltage   
Current 

5.0 or 10.0 volts 
250 or 12.5 amperes 

Amplification Factor (Average) - - 12 
>Direct Interelectrode Capacitances (Average) 

Grid-Plate 

Grid-Filament   

Plate-Filament   

> Transconductance .= 1.0 amp., El. -= 3000 v, s4= —175v.) 

Frequency for Maximum Ratings 

MECHANICAL 
Base 
Basing 
'Mounting 

----

Cooling ----- - - 
>Recommended Heat Dissipating Connectors: 

Plate 
Grid 

8.6 

12.1 yiLf 

'8 
16,700 ie,mhos 

40 Mc. 

Special 4 pin, No. 50008 
  RMA type 4BC 
  Vertical, base down or up 
- Convection and Radiation 

Maximum Overall Dimensions: 
Length   
Diameter 

>Net weight 
>Shipping weight (Average) 

AUDIO FREQUENCY POWER AMPLIFIER 
AND MODULATOR 
Class B (Sinusoidal wave, two tubes unless otherwise specified) 

MAXIMUM RATINGS 

D-C PLATE VOLTAGE - 

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

PLATE DISSIPATION, PER TUBE 

'TYPICAL OPERATION, CLASS AL 

D-C Plate Voltage - - - 

D-C Grid Voltage (approx.)* - 

Zero-Signal D-C Plate Current - 

Max-Signal D-C Plate Current - 

Effective Load, Plate-to-Plate - 

Peak A-F Grid Input Voltage 
(per tube) - - - 230 290 Volts 

Max-Signal Peak Driving Power 0 0 0 0 Watts 

Max-Signal Plate Power Output 256 490 610 730 Watts 
'Adjust to give stated zero-signal plate current. The effective grid circuit 
resistance for each tube must not exceed 250,000 ohms. 

3000 MAX. VOLTS 

900 MAX. MA. 

300 MAX. WATTS 

1500 

—118 

270 

572 

2540 

118 

2000 2500 3000 Volts 

—170 —230 —290 Volts 

200 160 130 Ma. 

546 483 444 Ma. 

5300 8500 12,000 Ohms 

170 

>TYPICAL OPERATION, CLASS AB, 

D-C Plate Voltage - - - 1500 2000 2500 3000 Volts 

D-C Grid Voltage (approx.)* - —118 —170 —230 —290 Volts 

Zero-Signal D-C Plate Current - 270 200 160 130 Ma. 

Max-Signal D-C Plate Current - 1140 1000 900 800 Ma. 

Effective Load, Plate-to-Plate - 2750 4500 6600 9100 Ohms 

Peak A-F Grid Input Voltage 
(per tube) - - - 245 290 340 390 Volts 

Max-Signal Peak Driving Power 78 87 95 110 Watts 

Max-Signal Nominal Driving Power 
(approx.) - - - - 39 44 48 55 Watts 

Max-Signal Plate Power Output 1100 1400 1650 1800 Watts 
*Adjust to give stated zero-signal plate current. 

(Effective 5-1-49) Copyright, 1949 by Eitel-McCullough, Inc. 

HR-7 
HR-6 

7.625 inches 
3.563 inches 

9 ounces 
2 pounds 

• 

MODULATOR 

OSCILLATOR 

AMPLIFIER 

>PLATE MODULATED RADIO FREQUENCY 
AMPLIFIER 
Class-C Telephony (Carrier conditions, per tube) 

MAXIMUM RATINGS 

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

TYPICAL OPERATION (Power input limited to 

D-C Plate Voltage - - 2000 
D-C Plate Current - _ 250 
Total Bias Voltage - .-500 
Fixed Bias Voltage - --410 
Grid Resistor - 3000 
D-C Grid Current - - - 30 
Peak R-F Grid Input Voltage - 615 
Driving Power - - - - 18 
Grid Dissipation - - 3 
Plate Power Input - - 500 
Plate Dissipation - - 90 
Plate Power Output - - 410 
'The figures are for convenience in obtaining a 500 or 1000 Watt carrier 
input per tube to the modulated amplifier. The output figures do not allow 
for circuit losses. 

2500 MAX. VOLTS 
700 MAX. MA. 
200 MAX. WATTS 
50 MAX. WATTS 

500 and 1000 watts)* 

2000 2500 
500 200 

—500 —525 
—275 —300 
3000 12,500 

75 18 
690 
52 
15 

1000 
190 
810 

620 
11 
2 

500 
75 

425 

2500 
400 

—550 
—300 
5000 

50 
715 
36 
9 

1000 
170 
830 

Volts 
Ma. 
Vo!ts 
Volts 
Ohms 
Ma. 
Volts 
Watts 
Watts 
Watts 
Watts 
Watts 

TYPICAL OPERATION* 

D-C Plate Voltage - 
D-C Plate Current - 
Total Bias Voltage - 
Fixed Bias Voltage - 
Grid Resistor - - 
D-C Grid Current - - 
Peak R-F Grid Input Voltage 
Driving Power - 
Grid Dissipation 
Plate Power Input 
Plate Dissipation 
Power Output - 
*The figures are for one tube operating at maximum plate dissipation as a 
plate modulated Class C amplifier. The output figures do not allow for 
circuit losses. 

1500 
520 

—370 
—160 
2800 

75 
545 
41 
13 

780 
200 
580 

2000 
525 

—500 
—260 
3000 

80 
695 
55 
15 

1050 
200 
850 

2500 Volts 
450 Ma. 

—550 Volts 
—440 Volts 
2000 Ohms 

55 Ma. 
720 Volts 
40 Wafts 
10 Watts 

1125 Watts 
200 Watts 
925 Watts 

(Continued on Next Page) 



304TL 

RADIO FREQUENCY POWER AMPLIFIER 
AND OSCILLATOR 

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

MAXIMUM RATINGS 

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

>Indicates change from sheet dated I-I-44 

3000 MAX. VOLTS 
900 MAX. MA. 
300 MAX. WATTS 
50 MAX. WATTS 

TYPICAL OPERATION* 
D-C Plate Voltage - - 
D-C Grid Voltage - 
D-C Plate Current - 
D-C Grid Current - - 
Peak R-F Grid Input Voltage - 
Driving Power (approx.) - - 
Grid Dissipation - - 
Plate Power Input - 
Plate Dissipation - 
Plate Power Output - 
*The figures show actual measured 
circuit losses. 

41C 

BASE NO. 5000B 

1500 2000 3000 Volts 
--250 --300 --400 Volts 

665 600 500 Ma. 
90 85 80 Ma. 

430 480 575 Volts 
33 36 40 Wafts 
11 11 8 Watts 

1000 1200 1500 Watts 
300 300 300 VVatill 
700 900 1200 Watts 

tube performance, and do not allow for 

GRID CAP 
NO. 400IC 

BASE NO. 50006 

.4}3 
€74MAX. 46-4I 

*ON FIMSHED TUBE ADD .060 FOR SOLDER 
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DRIVING POWER vs. POWER OUTPUT 

• 

The three charts on this page show 

the relationship of plate efficiency, 

power output and grid driving power 

at plate voltages of 1500, 2000 and 

3000 volts. These charts show com-

bined grid and bias losses only. The 

driving power and power output fig-

ures do not include circuit losses. The 

plate dissipation in watts is indicated 

by P p. 

Points A, B, and C are identical to the 

typical Class C operating conditions 

shown on the first page under 1500, 

2000, and 3000 volts respectively. 
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4 5 0 T H 
HIGH-MU TRIODE 

EITEL-McCULLOUGI-1, INC. 
SAN RUNO, CALIFORNIA 

MODULATOR 

OSCILLATOR 

AMPLIFIER 

The Eimac 450TH is a high-mu power triode having a maximum plate dissipation rating of 450 
watts, and is intended for use as an amplifer, oscillator and modulator. It can be used at its maximum 
ratings a+ frequencies as high as 40 Mc. 

Cooling of the 450TH is accomplished by radiation from the plate, which operates at a visible 
red color at maximum dissipaton, and by means of air circulation around the envelope. 

GENERAL CHARACTERISTICS 
ELECTRICAL 

Filament: Thoriated tungsten 
Voltage 7.5 volts 
Current 12  0 amperes 

Note: Dual connections for each filament lead are provided within the base of the tube (see 
basing diagram). Corresponding socket terminals must be connected in parallel to provide proper 
distribution of filament and R-F charging currents. 

Amplification Factor (Average) 38 

Direct Interelectrode Capacitances (Average) 
Grid-plate   
Grid-Filament 
Plate-Filament 

Transconductance (4=500 ma., Eb =4000 v.) 

Frequency for maximum ratings - 

MECHANICAL 
Base 
Basing 
Mounting 

Cooling 
Note: Adequate ventilation or air cooling must be provided so that the seals and envelope 

do not exceed 200°C under operating conditions. 
Socket - - - - Johnson Type No. 211 or National Type No. XM50 or equivalent. 

Recommended Heat Dissipating Connectors: 
Plate 
Grid 

5.0 umfd. 
8.8 mufd. 
0.8 umfd. 

6650 umhos 
40 Mc. 

Special 4 pin, No. 5002B 
  RMA type 4AQ 

- Vertical, base down or up 
Radiation and air circulation 

Eimac HR-8 
Eimac HR-8 

Note: The grid terminal of the 450TH is now .560" in diameter. To accommodate existing eq 
style 450TH having .098" diameter grid terminals, an adapter pin is provided with the newer tubes. 
that it may be removed from the grid terminal of the tube. The small grid terminal, if used, require 
nector. (See outline drawing.) 
Maximum Overall Dimensions: 

Length 
Diameter 

Net weight   
Shipping weight (Average) 

uipment designed for the older 
This adapter pin is threaded so 
s an HR-4 heat dissipating con-

12  625 inches 
5  125 inches 
1.3 pounds 
5.6 poundt 

AUDIO FREQUENCY POWER AMPLIFIER 
AND MODULATOR 
Class AB, (Sinusoidal wave, two tubes unless otherwise specified) 

MAXIMUM RATINGS 

D-C PLATE VOLTAGE 6000 MAX. VOLTS 

MAX-SIGNAL D-C PLATE CURRENT 
PER TUBE - - - - 600 MAX. MA. 

PLATE DISSIPATION, PER TUBE - - 450 MAX. WATTS 

TYPICAL OPERATION-2 TUBES 
D-C Plate Voltage 
D-C Grid Voltage (approx.)* - 
Zero-Signal D-C Plate Current - - 
Max-Signal D-C Plate Current - - 
Effective Load, Plate-to-Plate - - 
Peak A-F Grid Input Voltage (per tube) - 
Max-Signal Peak Driving Power - - 
Max-Signal Nominal Driving Power (approx.) 
Max-Signal Plate Power Output - - - 
*Adjust to give stated zero-signal plate current. 

3000 4000 5000 Volts 
—50 —85 —115 Volts 
200 150 120 Ma. 
770 675 620 Ma. 

7800 12,800 18,600 Ohms 
225 235 267 Volts 
40 34 40 Watts 
20 17 20 Watts 

1400 1800 2200 Watts 

PLATE MODULATED RADIO FREQUENCY 
AMPLIFIER 

Class-C Telephony (Carrier conditions, per tube) 

MAXIMUM RATINGS 

D-C PLATE VOLTAGE 

D-C PLATE CURRENT 

PLATE DISSIPATION   

GRID DISSIPATION 

(Effective 8-1-50) Copyright, 1946 by Eitel Mc-Cullough, Inc. >Indicates change from sheet dated 10-1.49. 

4500 MAX. VOLTS 

500 MAX. MA. 

300 MAX. WATTS 

80 MAX. WATTS 

TYPICAL OPERATION, PER TUBE* 
D-C Plate Voltage 3000 4000 4500 Volts 
D-C Plate Current 380 340 345 Ma. 
Total Bias Voltage 250 —300 —350 Volts 
Fixed Bias Voltage 100 —150 —175 Volts 
Grid Resistor 2500 3500 3500 Ohms 
D-C Grid Current 60 43 50 Ma. 
Peak R-F Grid Input Voltage 490 525 585 Volts 
Driving Power (approx.) 30 23 29 Watts 
Grid Dissipation 14 10 12 Watts 
Plate Power Input 1150 1360 1550 Watts 
Plate Dissipation 300 300 300 Watts 
Plate Power Output   850 1060 1250 Watts 
The figures are for one tube operating at maximum plate dissipation as a 
plate modulated Class-C amplifier. The output figures do not allow for 
circuit losses. 



 1800000010 450TH 

RADIO FREQUENCY POWER AMPLIFIER 
AND OSCILLATOR 

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

MAXIMUM RATINGS 

D-C PLATE VOLTAGE 

D-C PLATE CURRENT 

PLATE DISSIPATION 

GRID DISSIPATION   

6000 MAX. VOLTS 

600 MAX, MA. 

450 MAX. WATTS 

80 MAX. WATTS 

TYPICAL OPERATION, PER TUBE' 
D-C Plate Voltage 3000 4000 5000 Volts 
D-C Grid Voltage 175 —200 —300 Volts 
D-C Plate Current 500 450 450 Ma. 
D-C Grid Current 95 85 90 Ma. 
Peak R-F Grid Input Voltage 400 410 570 Volts 
Driving Power (approx.) 35 35 46 Watts 
Grid Dissipation 21 18 24 Watts 
Plate Power Input 1500 1800 2250 Watts 
Plate Dissipation 450 450 450 Watts 
Plate Power Output 1050 1350 1800 Watts 
*The figures show actual measured tube performance and do not allow for 
circuit losses. 

APPLICATION 
MECHANICAL 

Mounting—The 450TH must be mounted vertically, base 
up or base down. Flexible connecting straps should be pro-
vided from the grid and plate terminals to the external 
grid and plate circuits. The tube must be protected from 
severe vibration and shock. 

Cooling—Provision should be made for ample circulation 
of air around the 450TH. In the event that the design of 
the equipment restricts natural circulation, the use of a 
small fan or centrifugal blower to provide additional cool-
ing for the tube will aid in obtaining maximum tube life. 
Special heat-dissipating connectors (Eimac HR-8) are 
available for use on the plate and grid terminals. These 
connectors help to prolong tube life by reducing the tem-
perature of the seals. 

ELECTRICAL 
Filament Voltage—For maximum tube life the filament 
voltage, as measured directly at the filament pins, should 
be the rated value of 7.5 volts. Unavoidable variations in 
fialment voltage must be kept within the range from 703 
to 7.88 volts. All four socket terminals should be used, 
putting two in parallel for each filament connection. 
Bias Voltage—Although there is no maximum limit on 
the bias voltage which may be used on the 450TH, there 
is little advantage in using bias voltages in excess of 
those given under "Typical Operation," except in certain 
very specialized applications. Where bias is obtained by 
a grid leak, suitable protective means must be provided to 
prevent excessive plate dissipation in the event of loss of 
excitation. 
Grid Dissipation—The power dissipated by the grid of the 
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450TH must not exceed 80 watts. Grid dissipation may be 
calculated from the following expression: 

where Pg—Grid dissipation, 
e,=Peak positive grid voltage, and 
Ie =D-c grid current. 

e, may be measured by means of a suitable peak 
voltmeter connected between filament and grid.' In equip-
ment in which the plate loading varies widely, such as 
oscillators used for radio-frequency heating, care should 
be taken to make certain that the grid dissipation does 
not exceed the maximum rating under any conditions of 
loading. 

Plate Voltage—Except in very special applications, the 
plate supply voltage for the 450TH should not exceed 
6000 volts. In most cases there is little advantage in 
using plate-supply voltages higher than those given under 
"Typical Operation" for the power output desired. 

Plate Dissipation—Under normal operating conditions, the 
power dissipated by the plate of the 450TH should not be 
allowed to exceed 450 watts. At this dissipation the 
brightness temperature of the plate will appear a visible 
red color. The value of this color is somewhat effected 
by light from the filament as well as from external 
sources. Plate dissipation in excess of the maximum rating 
is permissible for short periods of time, such as during 
tuning procedures. 

,For suitable peak v.t.v.m. circuits see, for instance, "Vacuum Tube 
Ratings," Eimac News, January, 1945. Ihis article is available in reprint 
form on request. 

FILAMENT 
CONNECTED TO 

FILAMENT 2 INTERNALLY 

GRID—\, 

FILAMENT 
.I87±.002 DIA 
4 PINS 

.344 

.688 

FILAMENT 
CONNECTED TO 
I INTERNALLY 

BOTTOM VIEW 

4A0 

NOTE:—The grid terminal on the new 
450TH and TL type tube is now .563" 
in diameter. To accommodate existing 
equipment which uses the 450TH or 
TL tubes with the old style .098" grid 
terminal, an adapter pin is provided. 
This adapter pin, if not needed, may 
be removed by unscrewing. 

>Indicates change from sheet dated 1 0-1-49 
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 010.0000011° 450TH 

DRIVING POWER vs. POWER OUTPUT 
50 

• 

The three charts on this page show 

the relationship of plate efficiency, 

power output and grid driving power 

at plate voltages of 3000, 4000, and 

5000 volts. These charts show com-

bined grid and bias losses only. The 

driving power and power output fig-

ures do not include circuit losses. The 

plate dissipation in watts is indicated 

by Pp . 

Points A, B, and C are identical to the 

typical Class C operating conditions 

shown on the first page under 3000, 

4000, and 5000 volts respectively. 
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GRID VOLTAGE—VOLTS 
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450TL 
MEDIUM-MU TRIODE 

E IT EL-Mc CUL LC) UGH, INC. 
SAN BRUNO, CALIFORNIA 

The Eimac 4507L is a medium-mu power triode having a maximum plate dissipation rating of 
450 watts, and is intended for use as an amplifier, oscillator and modulator. It can be used at its 
maximum ratings at frequencies as high as 40-Mc. 

Cooling of the 450TL is accomplished by radiation from the plate, which operates at a visible 
red color at maximum dissipation, and by means of air circulation around the envelope. 

GENERAL CHARACTERISTICS 
ELECTRICAL 

Filament: Thoriated tungsten 
Voltage - - - 
Current - - - - - - - 

Note: Dual connections for each filament lead are provided within 
basing diagram). Corresponding socket terminals must be connected in 
distribution of filament and R-F charging currents. 

Amplification Factor (Average) - - - 
Direct Interelectrode Capacitances (Average) 

Grid-Plate - - - 
Grid-Filament 
Plate-Filament - - 

Transconductance (i5=-500ma, Es = 4000v, €4= —75v.) 
Frequency for Maximum Ratings - 

>MECHANICAL 

7.5 volts 
12.0 amperes 

the base of the tube (see 
parallel to provide proper 

- 18 

4.5 P414 
6.8 Iliuf 
0.8 1114 

5000 ,u.rnhos 

40-Mc. 

Base - - Special 4 pin, No. 5002B 
Basing - - - RMA type 4AQ 
Mounting - Vertical, base down or up 
Cooling - - Radiation and air circulation 

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

Socket - Johnson Type No. 211 or National Type No. XM50 or equivalent. 

Recommended Heat Dissipating Connectors: 
Plate - - Eimac HR-8 
Grid - - - - - - - - - - - - - Eimac HR-8 

Note: The grid terminal of the 450TL is now .560" in diameter. To accommodate existing equipment designed for the older style 
4507L having .098" diameter grid terminals, an adapter pin is provided with fhe newer tubes. This adapter pin is threaded so that it may be 
removed from the grid terminal of the tube. The small grid terminal, if used, requires an HR-4 heat dissipating connector. (See outline 
drawing.) 

Maximum Overall Dimensions: 
Length 
Diameter - 

Net weight 
Shipping weight (Average) - 

• 

MODULATOR 

OSCILLATOR 

AMPLIFIER 

- 12.625 inches 
- 5.125 inches 

1.3 pounds 
5.6 pounds 

AUDIO FREQUENCY POWER 
AND MODULATOR 
Class AB, (Sinusoidal wave, two tubes unless 
MAXIMUM RATINGS 

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

PER TUBE - - - 
PLATE DISSIPATION, PER TUBE - 

AMPLIFIER 

otherwise specified) 

6000 MAX. VOLTS 

600 MAX. MA. 
450 MAX. WATTS 

TYPICAL OPERATION-2 TUBES 
D-C Plate Voltage   
D-C Grid Voltage (approx.)* - - - - 
Zero-Signal D-C Plate Current - - - - 
Max-Signal D-C Plate Current - - - 
Effective Load, Plate-to-Plate - - - 
Peak A-F Grid Input Voltage (per tube) 
Max-Signal Peak Driving Power - - - 
Max-Signal Nominal Driving Power (approx.) 
Max-Signal Plate Power Output - - - 
'Adjust to give stated zero-signal plate current. 

3000 
—110 

200 
- 770 
.7700 

325 

4000 5000 Volts 
—175 —240 Volts 

150 120 Ma. 
675 620 Ma. 

12,800 18,500 Ohms 
365 430 Volts 

40 33 56 Watts 
20 17 28 Watts 

1400 1800 2200 Watts 

>RADIO FREQUENCY POWER 
AND OSCILLATOR 

AMPLIFIER 

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

MAXIMUM RATINGS 

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

6000 MAX. VOLTS 
600 MAX. MA. 
450 MAX. WATTS 
65 MAX. WATTS 

TYPICAL OPERATON, PER TUBE* 
D-C Plate Voltage   3000 4000 5000 Volts 
D-C Grid Voltage   —275 —400 —500 Volts 
D-C Plate Current 500 450 450 Ma. 
D-C Grid Current 65 53 54 Ma. 
Peak R-F Grid Input Voltage 640 740 870 Volts 
Driving Power (approx.) 38 35 42 Watts 
Grid Dissipation   20 13 15 Watts 
Plate Power Input 1500 1800 2250 Watts 
Plate Dissipation   450 450 450 Watts 
Plate Power Output   1050 1350 1800 Watts 
The figures show actual measured tube performance and do not allow for 
circuit losses. 

>PLATE MODULATED RADIO FREQUENCY 
AMPLIFIER 

Class-C Telephony (Carrier conditions, per tube) 

MAXIMUM RATINGS 

D-C PLATE VOLTAGE 

D-C PLATE CURRENT 

PLATE DISSIPATION 

GRID DISSIPATION 

4500 MAX. VOLTS 

500 MAX. MA. 

300 MAX. WATTS 

65 MAX. WATTS 

TYPICAL OPERATION, PER TUBE* 
D-C Plate Voltage - - 
D-C Plate Current 

3000 4000 4500 Volts 
380 340 345 Ma. 

Total Bias Voltage   —400 —503 —550 Volts 
Fixed Bias Voltage   200 —250 —275 Volts 
Grid Resistor 5000 7000 7500 Ohms 
D-C Grid Current 40 36 36 Ma. 
Peak R-F Grid Input Voltage 700 790 850 Volts 
Driving Power   28 29 31 Watts 
Grid Dissipation   12 II II Watts 
Plate Power Input 1150 1360 1550 Watts 
Plate Dissipation 300 300 300 Watts 
Plate Power Output   850 1060 1250 Watts 
*The figures are for one tube operating at maximum plate dissipation as a 
plate modulated Class-C amplifier. The output figures do not allow for circuit 
losses. 

1111, Indicates change from sheet dated 9-1-44. (Effective 10-1-49) Copyright 1949 by Eitel-McCullough, Inc. 



 000.0.001. 450TL 

APPLICATION 

MECHANICAL 

Mounting—The 450TL must be mounted vertically, base 
up or base down. Flexible connecting straps should be pro-
vided from the grid and plate terminals to the external 
grid and plate circuits. The tube must be protected from 
severe vibration and shock. 

Cooling—Provision should be made for ample circulation 
of air around the 450TL. In the event that the design of 
the equipment restricts natural circulation, the use of a 
small fan or centrifugal blower to provide additional cool-
ing for the tube will aid in obtaining maximum tube life. 
Special heat-dissipating connectors (Eimac HR-8) are 
available for use on the plate and grid terminals. These 
connectors help to prolong tube life by reducing the 
temperature of the seals. 

ELECTRICAL 

Filament Voltage—For maximum tube life the filament 
voltage, as measured directly at the filament pins, should 
be the rated value of 7.5 volts. Unavoidable variations in 
filament voltage must be kept within the range from 7.03 
to 7.88 volts. All four socket terminals should be used, 
putting two in parallel for each filament connection. 

Bias Voltage—Although there is no maximum limit on 
the bias voltage which may be used on the 450TL, there 
is little advantage in using bias voltages in excess of 
those given under "Typical Operation," except in certain 

very specialized applications. Where bias is obtained by 
a grid leak, suitable protective means must be provided 
to prevent excessive plate dissipation in the event of 
loss of excitation. 
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BASE NO. 8-501 

Grid Dissipation—The power dissipated by the grid of 
the 450TL must not exceed 65 watts. Grid dissipation 
may be calculated from the following expression: 

Pg = e pie 

where Pg =Grid disaipation 
ecmp—Peak positive grid voltage, and 
=D-c grid current. 

ec„,„ may be measured by means of a suitable peak 
voltmeter connected between filament and grid.' In 
equipment in which the plate loading varies widely, such 
as oscillators used for radio-frequency heating, care 
should be taken to make certain that the grid dissipation 
does not exceed the maximum rating under any 
conditions of loading. 

Plate Voltage—Except in very special applications, the 
plate supply voltage for the 450TL should not exceed 
6000 volts. In most cases there is little advantage in 
using plate-supply voltages higher than those given 
under "Typical Operation" for the power output desired. 

Plate Dissipation—Under normal operating conditions, 

the power dissipated by the plate of the 450TL should 
not be allowed to exceed 450 watts. At this dissipation 
the brightness temperature of the plate will appear a 
red-orange in color. The value of this color is somewhat 
affected by light from the filament as well as from 
external sources. Plate dissipation in excess of the 
maximum rating is permissible for short periods of time, 
such as during tuning procedures. 

For suitable peak v.t.v.m. circuits• see, for instance, "Vacuum Tube 
Ratings," Eimac News. January, 1945. This article is available in reprint 
form on request. 

FILAMENT 
CONNECTED TO 

FLAMM 2 INTERNALLY 

co GRID \— Tr CO 

FILAMENT 
.187±.002 DIA. 
4 PINS 

.344 

.688 

FILAMENT 
ÇONNECTED TO 
I INTERNALLY 

NOTE:—The grid terminal on the new 
450TH and TL type tube is now .563" 
in diameter. To accommodate existing 
equipment which uses the 450TH or 
TL tubes with the old style .098" grid 
terminal, an adaptor pin is provided. 
This adaptor pin, if not needed, may be 
removed by unscrewing. 
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DRIVING POWER vs. POWER OUTPUT 
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• 

The three charts on this page show 

the relationship of plate efficiency, 

power output and grid driving power 

at plate voltages of 3000, 4000, and 

5000 volts. These charts show com-

bined grid and bias losses only. The 

driving power and power output fig-

ures do not include circuit losses. The 

plate dissipation in watts is indicated 

by P p. 

Points A, B, and C are identical to the 

typical Class C operating conditions 

shown on the first page under 3000, 

4000, and 5000 volts respectively. 
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592/3-200A3 
MEDIUM-MU TRIODE 

EITEL-McCULLOUGH, INC. 
SAN BRUNO, CALIFORNIA 

The Eimac 592/3-200A3 is a medium-mu power triode having a maximum plate dissipation rating of 
200 watts, and it is intended for use as a power amplifier, oscillator, or modulator. It can be used at its 
maximum ratings at frequencies as high as ISO Mc. 

Cooling of the 592/ 3-200A3 is accomplished by radiation from the plate, which operates at a 
visible red color at maximum plate dissipation, and by means of forced-air circulation around the envelope. 

GENERAL CHARACTERISTICS 
ELECTRICAL 

Filament: Thoriated tungsten 
Voltage 
Current 

Amplification Factor (Average) - ---- - 
Direct Interelectrode Capacitances (Average) 

Grid-Plate   

Grid-Filament 

Plate-Filament 

Transconductance (li,=200 ma., Eb=-.3000 v.) 
Frequency for Maximum Ratings   

MECHANICAL 
Mounting   
Maximum Over-all Dimensions: 

Length 
Diameter   

Net Weight (approx.) 
Shipping Weight (approx.) 
Cooling 
Recommended Heat Dissipating Connectors: 

Plate 
Grid   

Maximum bulb temperature 

10.0 volts 
5.0 amperes 
- - 25 

3.3 1.1.,uf 
36 ,uyf 

029 ,upf 
3600 µmhos 

150 Mc. 

Vertical 

6.0 inches 
3-13/32 inches 
6 ounces 
11/2 pounds 

Radiation and Forced-Air 

225° C 

Eimac HR-I0 

Eimac HR-5 
Maximum seal temperature 

MODULATOR 

OSCILLATOR 

AMPLIFIER 

175° C 

AUDIO FREQUENCY POWER AMPLIFIER 
AND MODULATOR-CLASS B 

MAXIMUM RATINGS, PER TUBE 

D-C PLATE VOLTAGE - 3500 MAX. VOLTS 

MAX-SIGNAL D-C PLATE 
CURRENT - - 

PLATE DISSIPATION - 

GRID DISSIPATION - 

250 MAX. MA. 

200 MAX. WATTS 

25 MAX. WATTS 

TYPICAL OPERATION 
Sinusoidal wave, two tubes unless otherwise specified. 

D-C Plate Voltage - - - 2000 2500 3000 Volts 
D-C Grid Voltage (approx.)* —50 —70 —90 Volts 
Zero-Signal D-C Plate Current 120 100 80 Ma. 
Max-Signal D-C Plate Current - 500 450 400 Ma. 
Effective Load, Plate-to-Plate - 8500 12,600 18,000 Ohms 
Peak A-F Grid Input Voltage 

(per tube) - - - - 260 270 270 Volts 
Max-Signal Peak Driving Power - 50 52 40 Watts 
Max-Signal Nominal Driving Power 

(approx.) - - - - 25 26 20 Watts 
Max-Signal Plate Power Output - 400 725 820 Watts 
'Adjust to give stated zero-signal plate current. 

PLATE MODULATED RADIO FREQUENCY 
AMPLIFIER 

Class-C Telephony (Carrier conditions, per tube) 

MAXIMUM RATINGS 

D-C PLATE VOLTAGE - 

D-C PLATE CURRENT - 

PLATE DISSIPATION - 

GRID DISSIPATION - 

2600 MAX. VOLTS 

200 MAX. MA. 

130 MAX. WATTS 

25 MAX. WATTS 

TYPICAL OPERATION 
D-C Plate Voltage 
D-C Plate Current - 
D-C Grid Voltage - 
D-C Grid Current - 
Peak R-F Grid Input Voltage 
Driving Power 
Grid Dissipation 
Plate Power Input 
Plate Dissipation   
Plate Power Output - - - - 
The output figures do not allow for circuit losses. 

2000 2500 Volts 
200 200 Ma. 

—250 —300 Volts 
35 35 Ma. 

480 535 Volts 
17 19 Watts 
8 9 Watts 

400 500 Watts 
115 I 25 Watts 
285 375 Watts 

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

MAXIMUM RATINGS 

D-C PLATE VOLTAGE - 

D-C PLATE CURRENT - 

PLATE DISSIPATION - 
GRID DISSIPATION - 

AMPLIFIER 

3500 MAX. VOLTS 

250 MAX. MA. 

200 MAX. WATTS 
25 MAX. WATTS 

TYPICAL OPERATION 
D-C Plate Voltage - - 
D-C Plate Current - - 
D-C Grid Voltage - 
D-C Grid Current - - 
Peak R-F Grid Input Voltage 
Driving Power - - - 
Grid Dissipation 
Plate Power Input 
Plate Dissipation - - 
Plate Power Output - - 
The output figures do not allow for circuit losses. 

- 2000 
- 250 
- —150 
- 32 
- 380 

12 
7 

500 
200 
300 

2500 
228 

—180 
28 

400 

6 
570 
200 
370 

3000 
222 

—220 
25 

440 
11 
5.5 
666 
200 
466 

3500 
228 

—270 
30 

505 
15 
7 

800 
200 
600 

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

(Effective 7-1-54) Copyright 1954 by Eitel-McCullough, Inc. 
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APPLICATION 

MECHANICAL 

Mounting—The 592/3-200A3 must be mounted ver-
tically, base down or base up. Flexible connecting 
straps should be provided from the grid and plate ter-
minals to the external grid and plate circuits. The 
tube must be protected from severe vibration and 
shock. 

Cooling—An air-flow of approximately 15 cubic feet 
per minute should be directed at the bulb from a 2 inch 
diameter nozzle located about three inches from the 
center line of the tube. The center line of the nozzle 
should be located about two inches down from the top 
of the plate terminal. The incoming air temperature 
should not exceed 50° C. Other methods of cooling may 
be used provided the maximum bulb and seal tempera-
tures are not exceeded. An 8 inch, household-type fan 
located about 10 inches from the tube is one alternate 
method. Special heat-dissipating connectors (Eimac 
HR-5 and HR-10, or equivalent, for grid and plate 
terminals respectively) should be used with this tube. 

These connectors help to prolong tube life by reducing 
the temperature of the metal-glass seals. 

ELECTRICAL 

Filament Voltage—For maximum tube life, the fila-
ment voltage, as measured directly at the filament pins, 
should be the rated value of 10.0 volts. Unavoidable 
variations in filament voltage must be kept within the 
range of 9.5 to 10.5 volts. 

Bias Voltage—There is little advantage in using bias 
voltages in excess of those given under "Typical Opera-
tion" except in certain very specialized applications. 
Where bias is obtained by a grid leak, suitable protec-
tive means must be provided to prevent excessive plate 
dissipation in the event of loss of excitation. 

Grid Dissipation—The power dissipated by the grid of 
the 592/3-200A3 must not exceed 25 watts. Grid dis-
sipation may be calculated from the following expres-
sion: 

Pg=ecmplc 
where Pg= grid dissipation, 

eemp= peak positive grid voltage, and 
d-c grid current. 

ec„,,, may be measured by means of a suitable peak-
reading voltmeter connected between filament and 
grid.* 

Plate Voltage—Except for special applications, the 
plate supply voltage for the 592/3-200A3 should not 

exceed 3500 volts. In most cases there is little advan-
tage in using plate-supply voltages in excess of those 
given under "Typical Operation" for the power output 
desired. 

Plate Dissipation—Under normal operating condi-
tions, the power dissipated by the plate of the 592/3-
200A3 should not exceed 200 watts. At this dissipation 
the brightness temperature of the plate will appear a 
red-orange in color. The value of this color is some-
what affected by light from the filament, as well as 
from external sources. Plate dissipation in excess of the 
maximum rating is permissible for short periods of time, 
such as during tuning procedures. 

*For suitable peak v.t.v.m. circuits see, for instance, "Vacuum 
Tube Ratings," Eimec News, January, 1945. This article is 
available in reprint form on request. 
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DRIVING POWER vs. POWER OUTPUT 
The four charts on this page show the relationship of plate efficiency, power output and 

grid driving power at plate voltages of 2000, 2500, 3000 and 3500 volts. These charts show com-

bined grid and bias losses only. The driving power and power output figures do not include 
circuit losses. The plate dissipation in wafts is indicated by Pp. 

Points A, B, C, and D are identical to the typical Class C operating conditions shown 
on the first page under 2000, 2500, 3000 and 3500 volts respectively. 

15 

EC 

10 

IIIMMUMMMUMMUMMMOMUMMIUMMIMBROM MMMMMMMMMM 

E,=2000 Volts 
swie.c",s4wm 

IMND 

CURVE 

%  

70 

VCD.71 

—150 

'M.c.' 
CONDITION ON rum FADE 

MMMMIMBrIUMMUMMIMIUMIR 

UMMUMUUMUMMUMUMBM  

MUMMUUMUMB MMMMMMMMMMMMMMM 

UMBOIEMMUMMUM MMMMM 

MMIIMMMMUMMMUMMIMMUM MMMMMMMMMMMMMMMMMMMM 

 diela 

MMMMMM »MU MMMMMMM MMMMMMMM mmummumm  nn 
•   ocuremm  

 rem 
 umua 
  M 

P, _rem (;)   

:MUM  
 nv:m MMMMM munummummummimma 
 re<  

MMMMUMPIM'àdIMMUMMUMUMMUM MMMMMMMMMMMMMMMMM 

100 105 100 600 500 

PWER OUTPUT—WATTS 

600 700 

MMMMMMMM MU MMMMMMMMM MONIMMMUMMIMM MMMMM 

1111110MMUUMMIUMMIMMMINIMMIMMMUMM MMMMMMM 

Es=3000 VIDRE 
['NAG 591/1 10063 

UUND 

CURVE 

60 

VOLTS 

100 

.0 

70 

65 

—320 

'''C'IlWOTPiErT'I'l•f4"  
CONDITION ON FIRST EDGE  

MIIMMUMMMMMMMMMBMBMMUMMM 

 Jae 
Ià 

 41111Maniie  
IAMMUMMMM MMMMMMMM 

0  

 Maliar MMMMMM MMUMMIIMM 

MOM MM Mk MM   

 .21P55dSOriel  

50 

45 

15 

15 

10 

Es=2500 Volts 
!IND< 551/1400/13 

CURVE 

UGEM 

' 
75 

VOLTS 

—200 

—170 

—150 

—150 

65 

• 

CONDITION ON /MT PAM 

• DOW = EDO 

_ 155W 

500 600 700 

rormotrrm,,rmn 

•  gem M - MM M mac::  
MMUMMMONIMMUMIVMMUUM 

nanlimOVGCCIC:: 
 7.e.marr.gairm  
 ;;;.- 



iø"592I3-2OOA3 

a 

 • • • 

 a u a a 
u   a u a a  

a a u a a  
a a II M a I  
II a a u a a  
a  a  a M • à  a u a e  

 a a a a  
a  a  •   •  

 • ::  a  
 •  a a  

 a  a  2 a  
 a  •  a a 

•  a  

 u a 
a a 
a a a  
II II  a  

•  
 a a  
 a •  
 a a •  
 a a •  a 
 a a a  
 a a o 

»MMMUIMIMMMIMOMMInan MMMMMMM MI 

 • a 

MMIUMMIMM 

a a 

OnnnUMM 

 m 
 1 
 II 

 II  
 II  

111 

 II  

 1  I  
 a a r  
 II MfflinimMinfin ImmilU  
 I U UninnnOMMIn  MM.  
 MM UMMUMMU I MU 
MUMMMIM MMMMMM nammumnammilimm, mom ri  

• MMMMMMMMM »mu MMMMM innUnmenn »M inn I  
 enniMMUMMUMMV I  

 M MU  MIAMI» Min MOM,  a MUUMUU» MM unnn Men 
innanninnlà ,j Mani MM  

 ii a MM mAnnfinnwnem    fi..  
 II  Min UnnfinIMUnn mnwnemmu MM  

MMIMMMOIMMIMUMMMIMMMInnfi  
 MnInnAnifi MMMMMMM MMUOMMUMMMInu  
 •  a lee,  eues a  
 u.... Mennih fi  

 munommfamormunommi linfflinnffl  
 immAnnUnnL  Annmannunennumnfi 

 inniMOMMffl MM MMUMMOMMU  
MOM Lunn  

 mfinnemmummfflunremmà e M  I  
 IMUMMIMMUMMOMMUIMBOUR M ii. Mennnnu  
 YMIUMMInnfi  à finnnfflnil  
 Inn. 111ne FARM& à  

immmk I umunniMmunnifflnu innnnomm M  
••••• •• • » Be MMMMMMMM IMMUMMMMMUMMUIMMfflniffl»filinn1 MMMMM MMenninn»finlinni MMMMMMMMMMMM MOM» 

 »MMOMMinernennfinininffl MMMMM ninnnniMMUMMAMMI 
 »MU 'MI M linnnninie ::  
Mink  a  a MfflnimenIMA 1  a  
ummmc MO, fflintiel  f II  
 finnummunnenfflommuninOmm  mmemmimu m  
 1 UnnrOMMIIMMIMMMIOMMMA II   
 mminnennumfinnin MMMMM IMMMUMMU M 
 0 Ann, Annennifinnffl 
»110 . ummumwommumummraurriummummt   u  

a  a unninnammunnmennummufflnImmunninimmu y  
nn  M I MMUMMIBMWMOMMAMMininna  
...   mm u 1 mum à la •  

 k' ammo» WM!.  UMMonnu 
finnUMMUMW MIMI fi fi  

 • a a Burl à  umimmunnummu  
 1 • I... OnnUIMBOOMMOMM M  
 MIMI II 'Ann' MMM ' I MM  

 a UMMIBOUNOIMMIlninUnnall 
mu mammmemmaummembnummommausummemmummolommumgmmummign  .  v MMM IMUMMUMMIMMUMMIPI IMIMMUMMMUMMU  
BM  k M WWII FMMIMMOUBBUMMUMIMMU 
BM MennnifflibefflUnninnnUMWOMMfienn M MMM I  
OM»  MilrkiniMennannfinnfflii u  
II M MUMM.,731 IMMUMMUMMIMMI  
•  VUUMIMMWMIMUMMMMAMMIMMMO   
•   MMMMMM iminiennfi ummliernummilmo melanoma  

 omaramummumormunimmuumerimi M  
mum  memo o muffle. I u  
NM • IMIMMI MMMMMM OIMMUMI riummamtuffleurammummi  
»a  Mifflin»! HaMMMAIMMMA M  
BM   UMMISNMIAMMU,  IAMBI A  
OM  IMBRUABAUMMMMUMOMMUMUMBM UM  

• I   rm.,' r u MM 
 m MMMM aumemmumumeenum firummummummmer  
  mmummemr....mrommuumwm...........,  
1 arinnUOMMMInUni MUM 1  

a Anniefflu 
 IiMInnkin MMMM MenilfflniliMLIMIMML MMMMM »V  

»um  rmifinmemmemfilinffl 'fflmmummummmmu  
we InUMBUOInfinnnU IIIIMMIMMUOMMIA  
k k I MMMMMMM UMW' Unnil M  0  
 finnwriMnffl MMMMMMM !Muni».  

Munn amend LI M eMUMWMIUMMUMMMMUMMIMMIMMIMMMIMMUNOW  
me 
BM a »Mil 
a a MOM 
n II 
a 
nn 
WM Unifflr»Mlnk 

S3213dVIV -IN31111(10 31'911d MMMM  M  
MMM 

 mum  
 Mann M  
UMMUMMOMMOnnnffl 

ninon  

Minn» M  

e. 

MMM MMM 

' o. 

M» 
On 
nn 
mm 
@On 

Mani 

11:1 

 Mfikinfflunninnennnennnfflfflfinnnffl 
 emmummmemffl Cu imam, 'mamma  
 'MUM«, OIMMUMU I  
 OUMUMILMMOINMUnnirOMMMIM MMMMM UV  
 Mr UnnieMniffl meinnlifinnimenni  
 Mifflin», UrnMIUMMIMMU  
 MIMMUMMIMAnaMIMMOMM111 MM.  
mnfinfflannunenmnenumnffl  

k,  same Annminirmumme  

 hanffl M 
 mneMilmiennninnnk  UMMIMM finUnnUnniannnU  

UMUMMAMMUMMU  
 0 •IMIIMIÀ fe.. ?mammon' a  

 M WMOVIOL M InnUOMI  
 annIà M M.  MfflnnWillne» MMMMM Mine  

 , e UnnOVIMONnninUnniannnfi  
 OA AnnfininenfflUMMUMMIMMIMMUMMU  
 mmmnrannAnk  Annn M  Mnann MMMMM I 
 Wnielnnfflni r. anal  

 .,mourAmen4 wenfiummemmair,  
.umuvAmlormearummurealmAimuumansummumummfi  

 0 Mow. UnInnIMMI ennfflennUMMU  
 MISIJIMUN MMMM 'I  MUMMIMaq IBMBAMMBUI  
 rfflrannnuennwennnummfflAnnmeinnoimilmmu  
 MmedOnimmonffleinrannieMennrUnnequmMIPMMUMM  
 tfflnkvAinfflr, MIMMUMnfinnunfi  
BM MMMMMMM II .anOt.liffliíiniMi.IMOF- IMMUMnIne  Mani,/  

. MMMMM -4.1e.low. , Una  
 .A.....;[- ..kgm.....remille, .ennl 

.r- ,..-..mmba.--m M ". MMMM krenio »Mum»,  
MMMIMMMMMIMMOMMIMMM MMMMM h- Mbinukt.40 .21i.ennnik:4ffliMAJIMMIU  

i  

e, o o o 
e 

o 
o 

o 
o 

o 

39V110A awe 
o 
o 

N 

e 

8 
'As 

o 
o 
o 

o 
o 
o 

Printed in U.S.A. 2-G9-82279 



750 TL 

EITEL-McCULLOUGH, INC. 
SAN BRUNO, CALIFORNIA 

MEDIUM-MU TRIODE 
• 

MODULATOR 

OSCILLATOR 

AMPLIFIER 

10. The Eimac 750TL is a medium-mu power triode intended for use as an amplifier, oscillator, or 
modulator. It has a maximum plate dissipation rating of 750 watts and a maximum plate voltage 

rating of 10,000 volts at frequencies up to 40 Mc. The 750TL is cooled by air-circulation and radiation. 

The 750TL in class-C r-f service will deliver up to 3000 watts plate power output with 125 watts 
driving power. Two 750TL's in class-AB2 modulator service will deliver up to 3500 watts maximum-signal 

plate power output with 46 watts driving power. 

GENERAL CHARACTERISTICS 
ELECTRICAL 

Filament: Thoriated Tungsten 

Voltage - - 7.5 volts 
Current - - 21.0 amperes 

Amplification Factor (Average) - - - 
Direct Interelectrode Capacitances (Average) 

Grid-Plate - 
Grid-Filament   
Plate-Filament - - 

Transconductance (1b=250ma., Eb=--5000v.) 
Highest Frequency for Maximum Ratings 

MECHANICAL 
Base - - 
Connections - 
Socket - - 
Mounting Position - 
Cooling --- - - 

Recommended Plate and Grid Heat Dissipating Connectors 
Maximum Overall Dimensions: 

Length 
Diameter 

15 

5.8 ¡L. ifif 

8.5 p.p.f 
1.2 jupf 

3500 µ mhos 

- 40 Mc 

Special 4-pin 
---- See outline drawing 
Johnson type No. 124-214 or equivalent 
- - - Vertical, base down or up 

- Air-circulation and radiation 

Net Weight (Average) 
Shipping Weight (Average) 

Eimac HR-8 

170 inches 
7.13 inches 
2  9 pounds 
13 pounds 

AUDIO-FREQUENCY POWER AMPLIFIER 
OR MODULATOR 
Class-AB, (Sinusoidal wave) 

MAXIMUM RATINGS (Per tube) 

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

10,000 MAX VOLTS 
1000 MAX. MA 
750 MAX. WATTS 
100 MAX. WATTS 

TYPICAL OPERATION (Two tubes unless otherwise specified) 

D-C Plate Voltage 
D-C Grid Voltage , 
Zero-Signal D-C Plate Current 
Max-Signal D-C Plate Current 
Effective Load, Plate-to-Plate - 
Peak A-F Grid Voltage (per tube) - 
Max-Signal Driving Power* - - - 
Max-Signal Plate Power Input - - • - 
Max-Signal Plate Power Output - - - 

'Adjust to stated zero-signal plate current. 

4000 5000 6000 volts 
—230 —320 —390 volts 

250 200 166 ma. 
950 860 834 ma 
8270 12,300 16,300 ohms 
490 560 650 volts 
38 28 46 watts 

3800 4300 5000 watts 
2300 2800 3500 watts 

RADIO-FREQUENCY POWER AMPLIFIER 
OR OSCILLATOR 
Class-C Telegraphy or FM Telephony (Key-down conditions, per tube) 
MAXIMUM RATINGS (Frequencies up to 40 Mc.) 
D-C PLATE VOLTAGE 10,000 MAX. VOLTS 
D-C PLATE CURRENT 1000 MAX. MA 
PLATE DISSIPATION 750 MAX. WATTS 
GRID DISSIPATION   100 MAX. WATTS 

TYPICAL OPERATION (Frequencies up to 40 Mc.) 
D-C Plate Voltage   3000 4000 
D-C Grid Voltage   —350 —450 
D-C Plate Current - 625 
D-C Grid Current* - 90 
Peak R-F Grid Voltage 885 
Driving Power" 83 
Grid Dissipation •   40 
Plate Power Input 2500 
Plate Power Output 1750 

713 
120 
805 
97 
55 

2140 
1390 

5000 6000 volts 
—550 —700 volts 

600 625 ma 
90 105 ma 

985 1040 volts 
86 125 watts 
38 50 watts 

3000 3750 watts 
2250 3000 watts 

PLATE-MODULATED RADIO-FREQUENCY 
AMPLIFIER 
CLASS-C TELEPHONY (Carrier conditions, per tube) 

MAXIMUM RATINGS (Frequencies up to 40 Mc.) 
D-C PLATE VOLTAGE   
D-C PLATE CURRENT 
PLATE DISSIPATION 
GRID DISSIPATION 

8000 MAX. VOLTS 
800 MAX. MA 
500 MAX. WATTS 
100 MAX. WATTS 

TYPICAL OPERATION (Frequencies up to 40 Mc.) 
D-C Plate Voltage - - - 3000 4000 
D-C Grid Voltage - —500 —650 
D-C Plate Current - - 415 400 
D-C Grid Current* - 55 60 
Peak R-F Grid Voltage 830 985 
Driving Power* 45 50 

15 15 
1250 1600 
750 1100 

Grid Dissipation* 
Plate Power Input 
Plate Power Output 

*Approximate values 

5000 
—800 
400 
55 

1150 
60 
16 

2000 
1500 

6000 
—950 

415 
60 

1330 
75 
20 

2500 
2000 

volts 
volts 
ma 
ma 
volts 
watts 
watts 
watts 
watts 

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

Effective 6-2-52) Copyright 1952 by Eitel-McCullough, Inc. Indicates change from sheet dated 5- 5-44 
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APPLICATION 
MECHANICAL 

Mounting—The 750TL must be mounted vertically, base 
down or up. The plate and grid leads should be flexible. 
The tube must be protected from vibration and shock. 
Cooling—Heat Dissipating Connectors (Eimac HR-8 or 
equivalent) must be used at the plate and grid terminals 
of the 750TL. Unobstructed circulation of air around the 
tube is required in sufficient quantity to prevent the seal 
temperatures from exceeding 225°C. Forced ventilation 
of compartments or equipment in which the tube is lo-
cated is usually desirable. Forced movement of air across 
the tube seals and envelope is always beneficial, though 
not necessarily required. 

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

ELECTRICAL 
Filament Voltage—For maximum tube life the filament 
voltage, as measured directly at the filament pins, should 
be the rated value of 7.5 volts. Variations should be kept 
within the range of 7.5 to 7.85 volts. All four socket ter-
minals should be used, placing two in parallel for each 
filament connection. 
Bias Voltage—Although there is no maximum limit 
placed on the bias voltage which may be used with the 
750TL, there is little advantage in using bias voltages in 

excess of those given under "Typical Operation", except 
in certain very specialized applications. 

When grid-leak bias is used, suitable protective 
means must be provided to prevent excessive plate dissi-
pation in the event of loss of excitation, and the grid-
leak resistor should be made adjustable to facilitate 
maintaining the bias voltage and plate current at the 
desired value from tube to tube. 
Grid Dissipation—Grid dissipation may be calculated 
from the following expression: 

Pg — eempie 
where: Pg = Grid dissipation, 

e.„,p = Peak positive grid voltage, and 
Ic = D-C grid current. 

e,,,,, may be measured by means of a suitable peak 
voltmeter connected between filament and grid.' In 
equipment in which the plate loading varies widely, such 
as oscillators used for radio-frequency heating, care 
should be taken to make certain that the grid dissipation 
does not exceed the maximum rating of 100 watts under 
any conditions of loading. 
Plate Dissipation—Under normal operating conditions, 
the plate dissipation of the 750TL should not be allowed 
to exceed the maximum rating. Plate dissipation in ex-
cess of the maximum rating is permissible for short 
periods of time, such as during tuning procedures. 

'For suitable peak v.t.v.m. circuits see, for instance, "Vacuum Tube 
Ratings", Eimac News, January, 1945. This article is available in reprint 
form on request. 

>Indicates change from sheet dated 5-15-44 
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DRIVING POWER vs. POWER OUTPUT 
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The three charts on this page show the 

relationship of plate efficiency, power 

output and approximate grid driving 

power at plate voltages of 4000, 5000 

and 6000 volts. These charts show com-

bined grid and bias losses only. The 

driving power and power output figures 

do not include circuit losses. The plate 

dissipation in watts is indicated by Pp. 

Points A, B and C are identical to the 

typical Class-C operating conditions 

shown on the first page under 4000, 

5000 and 6000 volts, respectively. 
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1000T 
HIGH-MU TRIODE 

• 

El TEL-McC ULLO U GI-I, INC. 
SAN BRUNO, CALIFORNIA 

MODULATOR 

OSCILLATOR 

AMPLIFIER 

The Eimac 1000T is a high-mu power triode intended for use as a modulator, oscillator, or 
amplifier. The tube has a maximum plate dissipation rating of 1000 watts, and a maximum plate 
voltage rating of 7500 volts at frequencies up to 50 Mc. Cooling is by forced air and radiation. 

The 1000T in Class-C r-f service will deliver up to 3000 watts plate power output with 60 watts 
driving power. Two 1000T's in Class AB2 modulator service will deliver up to 4600 watts maximum-

signal plate power output with 60 watts driving power. 

GENERAL CHARACTERISTICS 
ELECTRICAL 

Filament: Thoriated Tungsten 
Voltage 
Current 

Amplification Factor (Average) - - - 
Direct Interelectrode Capacitances (Average) 

Grid-Plate 
Grid-Filament 

7.5 volts ± 5% 
15.5 amperes 
-- 35 

Plate-Filament - - 
Transconductance (1b=750ma., Eb=-6000v.) - 

Highest Frequency for Maximum Ratings - 

MECHANICAL 
Base - 
Connections - 
Socket - - 
Mounting Position - 
Cooling - - --
Maximum Temperature of Grid and Plate Seals 
Recommended Grid and Plate Heat Dissipating Connectors 
Maximum Dimensions: 

Seated Height 
Diameter - 

Net Weight   
Shipping Weight (Average) 

5.1 µ,uf 
9.3 p.p.f 
0.5 juittf 

9050 pinhos 
- 50 Mc 

--- 50-watt jumbo 4-pin with air-conduction pipe 
-------- See outline drawing 
--- - Johnson type No. 123-211 or equivalent 
--- - - - Vertical, base down or up 

- - Forced air and radiation 

225°C 
Eimac HR-9 

12.3 inches 
5.13 inches 
1.25 pounds 
6.25 pounds 

AUDIO-FREQUENCY POWER AMPLIFIER 
OR MODULATOR 
Class-AB2 

MAXIMUM RATINGS (Per tube) 

D-C PLATE VOLTAGE   
D-C PLATE CURRENT 
PLATE DISSIPATION 

GRID DISSIPATION 

7500 MAX. VOLTS 
750 MAX. MA 
1000 MAX. WATTS 
80 MAX. WATTS 

TYPICAL OPERATION (Sinusoidal wave, two tubes unless otherwise specified) 
D-C Plate Voltage 
D-C Grid Voltage 
Zero-Signal D-C Plate Current - - - 
Max-Signal D-C Plate Current - - - 
Effective Load, Plate-to-Plate - - - 
Peak A-F Grid Voltage (per tube) • - - 
Max-Signal Driving Power" - - - 
Max-Signal Plate Power Input - - - 
Max-Signal Plate Power Output - - - 
'Adjust to stated Zero-Signal Plate Current. 

4000 5000 6000 volts 
-85 -125 -160 volts 
335 270 220 ma 
1.25 1.14 1.05 amps 
6250 9200 13,300 ohms 
260 290 335 volts 
35 37 60 watts 

5000 5700 6300 watts 
3000 3700 4600 watts 

RADIO-FREQUENCY POWER AMPLIFIER 
OR OSCILLATOR 
Class-C Telegraphy or FM Telephony (Key-down conditions, per tube) 
MAXIMUM RATINGS (Frequencies u to 50 Mc. 
D-C PLATE VOLTAGE   - --- - -- - 7500 MAX. VOLTS 
D-C PLATE CURRENT   750 MAX. MA 
PLATE DISSIPATION 1000 MAX. WATTS 
GRID DISSIPATION 80 MAX. WATTS 

TYPICAL OPERATION (Frequencies up to 50 Mc.) 
D-C Plate Voltage - - - 3000 4000 

-150 -150 
750 713 
90 100 

350 365 
30 33 
21 19 

2250 2850 
1350 1850 

D-C Grid Voltage - 
D-C Plate Current - 
D-C Grid Currents - 
Peak R-F Grid Voltage 
Driving Power* 
Grid Dissipation' 
Plate Power Input 
Plate Power Output 

5000 
-225 
667 
87 

420 
33 
14 

3335 
2335 

6000 
-350 
667 
110 
610 
60 
25 

4000 
3000 

volts 
volts 
ma 
ma 
volts 
watts 
watts 
watts 
watts 

>PLATE-MODULATED RADIO-FREQUENCY 
AMPLIFIER 
Class-C Telephony (Carrier conditions, per tube) 
MAXIMUM RATINGS (Frequencies up to 50 Mc.) 
D-C PLATE VOLTAGE   
D-C PLATE CURRENT   
PLATE DISSIPATION 
GRID DISSIPATION 

•Approximate values 

6000 MAX. VOLTS 
600 MAX. MA 
665 MAX. WATTS 
80 MAX. WATTS 

TYPICAL OPERATION (Frequencies up to 50 Mc.) 
D-C Plate Voltage 
D-C Grid Voltage 
D-C Plate Current 
D-C Grid Current* 
Peak R-F Grid Voltage 
Driving Power* 
Grid Dissipation" 
Plate Power Input 
Plate Power Output 

4000 5000 6000 volts 
-300 -400 -500 volts 

600 600 600 ma 
80 90 95 ma 

540 660 775 volts 
45 60 7 
20 24 255 watts watts 

2400 3000 3600 watts 
1735 2335 2935 watts 

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

(Effective 3-15-52) Copyright 1952 by Eitel-McCullough, Inc. >Indicates change from sheet dated 5-15-44 



 0000000. 1000T 

APPLICATION 

MECHANICAL 

Mounting—The 1000T must be mounted vertically. The 
base may be either down or up. The leads to the plate 
and grid terminals should be flexible, and the tube must 
be protected from vibration and shock. 

Cooling—The envelope and seals of the 1000T require 
forced-air cooling. Air-conduction pipes are provided in 
the base of the tube and in the HR-9 plate and grid 
Heat-Dissipating Connectors. Two cubic feet of air per 
minute supplied to each of these pipes will satisfy the 
cooling requirements of the seals. An 8- or 10-inch fan 
located approximately a foot from the tube will provide 
sufficient cooling air for the envelope. Air must be sup-
plied to the tube when plate and grid voltages are ap-
plied, and must be continued until these voltages are 
removed. In some cases, particularly in locations where 
the ambient temperature is high, or where the free cir-
culation of air is impeded, cooling air must be supplied 
when filament voltage is applied, and continued for two 
or more minutes after all voltages are removed. 

The temperature of the grid and plate seals must not 
be allowed to exceed 225°C. A convenient accessory for 
the measurements of these temperatures is "Tempilaq", a 
temperature-sensitive lacquer manufactured by the Tern-
pil Corporation, 132 W. 22nd St., New York 11, N. Y. 

ELECTRICAL 
Filament—All four socket terminals should be used, 
putting two in parallel for each filament connection. 
Bias Voltage—The maximum limit on bias voltages which 
may be used with the 1000T is considerably above those 
listed in "Typical Operation." Where bias is obtained 
by a grid leak, suitable protective means must be pro-
vided to prevent excessive plate dissipation in the event 
of loss of excitation. 
Plate Voltage—The rated maximum d-c plate voltage of 
7500 volts applies at frequencies up to 50 Mc. Above 
that frequency the tube must be operated at lower d-e 
voltages. In most cases there is little advantage in using 
plate supply voltages higher than those given under 
"Typical Operation" for the power output desired. 
Grid Dissipation—Grid dissipation may be assumed to be 
the product of the d-c grid current and the peak positive 
cathode-to-grid voltage. This assumption is sufficiently 
accurate for the purpose of determining that the 1000T 
is operating within its maximum rated grid dissipation 
of 80 watts. 
Plate Dissipation—Under normal operating conditions, 
the power dissipated by the plate of the 1000T should not 
be allowed to exceed 1000 watts. Plate dissipation in 
excess of the maximum rating is permissible for short 
periods of time, such as during tuning procedures. 
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DRIVING POWER vs. POWER OUTPUT 
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The three charts on this page show 

the relationship of plate efficiency, 

power output and grid driving power 

at plate voltages of 4000, 5000 and 

6000 volts. These charts show com-

bined grid and bias losses only. The 

driving power and power output fig-

ures do not include circuit losses. The 

plate dissipation in watts is indicated 

by Pp. 
Points A, B, and C are identical to the 

typical Class C operating conditions 

shown on the first page under 4000, 

5000, and 6000 volts respectively. 
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1 5 0 0 T 
MEDIUM-MU TRIODE 

EITEL-McCULLOUGI-1, INC. 
SAN BRUNO, CALIFORNIA 

The Eimac 15001 is a medium-mu power triode intended for use as an amplifier, oscillator or 
modulator. It has a maximum plate-dissipation rating of 1500 watts and a maximum plate-voltage rating 
of 8000 volts at frequencies up to 40 Mc. 

The 15001 in class-C r-f service will deliver up to 4500 watts plate power output with 85 watts 
driving power. Two 1500T's in class-B modulator service will deliver up to 7000 watts maximum-signal 
plate power output with 115 watts nominal driving power. 

GENERAL CHARACTERISTICS 
ELECTRICAL 

Filament: Thoriated tungsten 
Voltage - - 

Current 

Amplification Factor (Average) 

Direct Interelectrode Capacitances (Average) 

Grid-Plate 

Grid-Filament   

Plate-Filament   

Transconductance (in= 1.25 amp., E5=6000 v.) 

MECHANICAL 
Base 

Basing - 

Socket - - - 

Mounting Position - 

Cooling ---

Maximum Temperature of Plate and Grid Seals 

Recommended Heat-Dissipating Connectors: 

Plate 

Grid 

Maximum Overall Dimensions: 

Length - 
Diameter - 

Net Weight   
Shipping Weight 

7.5 volts 

24.0 amperes 

24 

7.2 µ.µf 

9.9 µµf 

1.5 µ.µf 

10,000 µmhos 

Special 4-pin 

- - - - See outline drawing 
Johnson type No. 124-214 or equivalent 

- - Vertical, base down or up 

- Radiation and forced air 
- - 225°C 

• 

MODULATOR 

OSCILLATOR 

AMPLIFIER 

Eimac HR-8 

Eimac HR-8 

- -------------- - 17.0 inches 

- - - - ------------ 7.13 inches 
3.0 pounds 
13 pounds 

RADIO-FREQUENCY POWER AMPLIFIER 
AND OSCILLATOR 
Class-C Telegraphy (Key-down conditions, one tube) 

MAXIMUM RATINGS (Frequencies below 40 Mc.) 
D-C PLATE VOLTAGE 

D-C PLATE CURRENT 
PLATE DISSIPATION 

GRID DISSIPATION 

8000 

1.25 
1500 

125 

MAX. VOLTS 

MAX. AMPS. 
AX. WATTS 

MAX. WATTS 

TYPICAL OPERATION (Frequencies below 40 Mc.) 
D-C Plate Voltage   
D-C Grid Voltage 
D-C Plate Current   
D-C Grid Current - - - 
Grid Dissipation* 
Peak R-F Grid Input Voltage (abprox.) 
Driving Power* - - - - - 
Plate Power Input - - - - - 
Plate Dissipation - - - - 
Plate Power Output -----

5000 6000 
—375 —600 

1.00 1.00 
150 
59 

850 
115 

5000 
1500 
3500 

165 
61 

1100 
160 

6000 
1500 
4500 

7000 
—500 
.860 
110 
30 

885 
85 

6000 
1500 
4500 

volts 
volts 
amps 
ma 
watts 
volts 
watts 
watts 
watts 
watts 

PLATE-MODULATED RADIO-FREQUENCY 
AMPLIFIER 
Class-C Telephony (Carrier conditions, per tube) 

MAXIMUM RATINGS (Frequencies up to 40 Mc.) 
D-C PLATE VOLTAGE   
D-C PLATE CURRENT 
PLATE DISSIPATION 
GRID DISSIPATION   

6500 MAX. VOLTS 
1.00 MAX. AMPERE 
1000 MAX. WATTS 
125 MAX. WATTS 

TYPICAL OPERATION (Frequencies up to 40 Mc.) 
D-C Plate Voltage - 
D-C Grid Voltage' - 
D-C Plate Current - 
D-C Grid Current* - 
Peak R-F Grid Voltage 
Driving Power* - 
Grid Dissipation* - 
Plate Power Input 
Plate Dissipation 
Plate Power Output   

4000 5000 6000 volts • 
—450 —550 —650 volts 

750 700 665 ma 
85 75 70 ma 

860 950 1050 volts 
68 67 70 watts 
30 26 25 watts 

3000 3500 4000 watts 
1000 1000 1000 watts 
2000 2500 3000 watts 

AUDIO-FREQUENCY POWER AMPLIFIER 
AND MODULATOR 
Class-B (Sinusoidal wave, two tubes unless otherwise specified) 

MAXIMUM RATINGS 

D-C PLATE VOLTAGE '   

MAX-SIGNAL D-C PLATE CURRENT, 
PER TUBE 

PLATE DISSIPATION, PER TUBE 

GRID DISSIPATION, PER TUBE 

8000 MAX. VOLTS 

1.25 MAX. AMPS. 

1500 MAX. WATTS 

125 MAX. WATTS 

TYPICAL OPERATION 
D-C Plate Voltage - - - 
D-C Grid Voltage' - - - 
Zero-Signal D-C Plate Current 
Max-Signal D-C Plate Current 
Effective Load, Plate-to-Plate 
Peak A-F Grid Input Voltage (per tube) 
Max-Signal Avg. Driving Power* - - 
Max-Signal Plate Dissipation - 
Max-Signal Plate Power Output - 
'Approximate values. 
'Bias should be obtained by means of an adjustable grid-leak resistor. 
=Adjust to give stated Zero-Signal D-C Plate Current. 

4000 5000 6000 volts 
—95 —145 —190 volts 
500 400 330 ma 
1.88 1.72 1.65 amps 
4150 6150 8200 ohms 
485 535 570 volts 
95 105 115 watts 

1500 1500 1450 watts 
4500 5600 7000 watts 

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

(Effective 8-7-53) Copyright 1953 by Eitei-McCullough, Inc. 



 00000000. 1500T 

APPLICATION 
MECHANICAL 

Mounting—The 1500T must be mounted vertically, 
base up or base down. Flexible leads should be pro-
vided between the grid and plate terminals and the 
external grid and plate circuits. The tube must be 
protected from vibration and shock. 

Cooling—Forced-air cooling is required on the enve-
lope and also in the base of the tube. Envelope cooling 
may be accomplished by locating an ordinary 8- or 10-
inch fan about one foot from the tube and directing the 
air at the middle of the envelope. 
Base cooling requires an air flow of 21/2 cu. ft. per 

min. directed up through the bottom of the base toward 
the filament press. The base of the tube is provided 
with a 1-inch diameter hole for this purpose. If a 
socket is used with a 1-inch diameter matching hole 
and the manifold is of the same diameter, a static 
pressure of less than 0.1 inch of water is required at 
the manifold to provide the 21/2 cu. ft. per min. 
One type of socket provides a 1/4 inch diameter pipe 

for the air inlet to the base. With this type of socket a 
static pressure of 51/2 inches of water is required at the 
pipe to obtain the necessary 21/2 cu. ft. per min. volume. 

Suitable electrical interlocks should be provided to 
remove the plate and filament voltages in the event 
that the supply of cooling air is interrupted. 

ELECTRICAL 
Filament Voltage— The filament voltage, as measured 
directly at the filament pins, should be between 7.125 
and 7.875 volts. All four socket terminals should be 
used by employing two for each connection to filament 
supply. See base diagram and outline drawing. 
Bias Voltage—There is little advantage in using bias 
voltages in excess of those given under "Typical Oper-
ation," except in certain very specialized applications. 
Where bias is obtained by a grid leak resistor, suitable 
protective means must be provided to prevent excessive 
plate dissipation in the event of loss of excitation. The 
grid-leak resistor should be adjustable to facilitate 
maintaining the bias voltage and plate current at the 
desired values from tube to tube. 

Grid Dissipation—The power dissipated by the grid 
of the 1500T must not exceed 125 watts. Grid dissipa-
tion may be calculated from the following expression: 

Pg=eemple 
where Pg=-Grid dissipation, 

ec„,j,-=Peak positive grid voltage, and 
1,=D-c grid current. 

eerni, may be measured by means of a suitable peak 
voltmeter connected between filament and grid.1 In 
equipment in which the plate loading varies widely, 
such as oscillators used for radio-frequency heating, 
care should be taken to make certain that the grid 
dissipation does not exceed the maximum rating under 
any condition of loading. 

Plate Dissipation—The plate is a red-orange color 
when dissipating 1500 watts. Under normal operating 
conditions, the power dissipated by the plate of the 
1500T should not be allowed to exceed the maximum 
rating. Plate dissipation in excess of the maximum 
rating is permissible for short periods of time, such as 
during tuning procedures. 

is1+1 —2 

EL 

t 
32 48: max 

FILAMENT CONNECTED 
INTERNALLY TO PIN 4 

DIMENSIONS 
IN INCHE5 

—.5532 .005 

3 MAX 

4 +, MAX. 

4 ± 4 — 

7 

GRID 

563± 005 

FILAMENT INTERNALLY 
CONNECTED TO PIN 3 

 GRID 

FILAMENT 
.2493,002 DIA. 
• PINS 

-:14: MIN.— 9 HOLES 

For suitable peak v.t.v.m. circuits see, for instance, "Vacuum Tube 
Ratings," Eimac News, January, 1945. This article is available in reprint 
form on request. Indicates change from sheet dated 4-1-53 
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DRIVING POWER vs. POWER OUTPUT 

• 

The three charts on this page show 

the relationship of plate efficiency, 

power output and approximate grid 

driving power at plate voltages of 

5000, 6000, and 7000 volts. These 

charts show combined grid and bias 

losses only. The driving power and 

power output figures do not include 

circuit losses. The plate dissipation in 

watts is indicated by Pp. 

Points A, B, and C are identical to the 

typical Class C operating conditions 

shown on the first page under 5000, 

6000, and 7000 volts respectively. 
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MEDIUM-MU TRIODE 

EITEL-McCU LLOUGH, INC. 
SAM BRUNO, CALIFORNIA 

MODULATOR 

OSCILLATOR 

AM PLI FIER 

The 20001 is a medium-mu, high-vacuum transmitting triode intended for amplifier, oscillator 
and modulator service. It has a maximum plate dissipation rating of 2000 watts. Cooling of the 20001 
is accomplished by radiation from the plate, which operates at a visibly red temperature at maximum 
dissipation, and by means of forced air circulation around the envelope and at the seals. 

GENERAL CHARACTERISTICS 
ELECTRICAL 

Filament: Thoriated Tungsten 
Voltage 
Current 

Note: Dual connections for each filament lead are provided w ithin the base of the tube (see 
basing diagram). Corresponding socket terminals must be connected in parallel to provide proper 
distribution of filament and R-F charging currents. 

Amplification Factor (Average) - - - 
Direct Interelectrode Capacitances (Average) 

Grid-Plate 
Grid-Filament - 
Plate-Filament   

Transconductance (4=1.75 amp., Ery =6000 v.) 

Frequency for Maximum Ratings 

MECHANICAL 
Base 
Basing   
Mounting 
Cooling - - - (See "Cooling" under "Application") - 
Recommended Heat Dissipating Connectors: 

Plate - - - - --

10.0 volts 
23.5 amperes 

Grid ---------- _ 
Maximum Overall Dimensions: 

Length 
Diameter   

Net weight 
Shipping weight (Average) 

- 23 

8.5 jubtfd. 
12.7 jup,fd. 
1.7 pipifd. 

11,000 itmhos 

40 Mc. 

Special 4-pin, No. 5006B 
RMA type 4BD 

Vertical, base down or up 
Radiation and forced air 

Eimac HR-8 
Eimac HR-8 

17.75 inches 
8.125 inches 
3.5 pounds 
13 pounds 

AUDIO FREQUENCY POWER AMPLIFIER 
AND MODULATOR 
Class AB, (Sinusoidal wave, two tubes unless otherwise specified) 

MAXIMUM RATINGS 

D-C PLATE VOLTAGE   8000 MAX. VOLTS 
MAX-SIGNAL D-C PLATE CURRENT, 

PER TUBE - - - - 

PLATE DISSIPATION, PER TUBE - 
1.75 MAX. AMPS. 

2000 MAX. WATTS 

TYPICAL OPERATION-2 TUBES 
D-C Plate Voltage - - - 4000 5000 6030 7000 Volts 
D-C Grid Voltage (approx.)* - —140 —180 —230 —280 Volts 
Zero-Signal D-C Plate Current - 400 400 400 300 Ma. 
Max-Signal D-C Plate Current - 2.30 2.20 2.00 1.80 Amps 
Effective Load, Plate-to-Plate - 3400 5000 7000 9200 Ohms 
Peak A-F Grid Input Voltage (per tube) 500 520 580 600 Volts 
Max-Signal Peak Driving Power - - 300 280 380 350 Watts 
Max-Signal Nominal Driving 

Power (approx.) - 150 140 190 175 Watts 
Max-Signal Plate Power Output - - 5200 7000 8000 8600 Watts 
*Adjust to give stated zero-signal plate current 

RADIO FREQUENCY POWER AMPLIFIER 
AND OSCILLATOR 

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

MAXIMUM RATINGS (Frequencies below 40 Mc.) 

D-C PLATE VOLTAGE 

D-C PLATE CURRENT 

PLATE DISSIPATION   

GRID DISSIPATION   

8000 MAX. VOLTS 

1.75 MAX. AMPS. 

2000 MAX. WATTS 

150 MAX. WATTS 

TYPICAL OPERATION, PER TUBE (Frequencies below 40 Mc.) 
D-C Plate Voltage -------5000 6000 7000 Volts 
D-C Grid Voltage   —350 —500 —600 Volts 
D-C Plate Current 1.35 1.35 1.15 Amps. 
D-C Grid Current 175 165 120 Ma. 
Peak R-F Grid Input Voltage 840 1000 1060 Volts 
Driving Power (approx.) 140 160 115 Watts 
Grid Dissipation 85 82 55 Watts 
Plate Power Input  6750 8000 8000 Watts 
Plate Dissipation 2000 2030 2000 Watts 
Plate Power Output   4750 6000 6000 Watts 
the performance figures listed under Typical Operation are for radio 
frequencies up to the VHF region and are obtained by calculation from 
the characteristic tube curves and confirmed by direct tests. The driving 
power given includes power taken by the tube grid and the bias circuit. 
The driving power and output power do not allow for losses in the asso-
ciated resonant circuits. These losses are not included because they depend 
principally upon the design and choice of the circuit components. 

PLATE MODULATED RADIO FREQUENCY 
AMPLIFIER 

Class-C Telephony (Carrier conditions, per tube) 

MAXIMUM RATINGS (Frequencies below 40 Mc.) 

D-C PLATE VOLTAGE 

D-C PLATE CURRENT 

PLATE DISSIPATION   

GRID DISSIPATION   

6000 MAX. VOLTS 

1.4 MAX. AMPS. 

1350 MAX. WATTS 

150 MAX. WATTS 

(Effective 10-15-50) Copyright, 1946 by E el-McCullough, Inc. 

TYPICAL OPERATION, PER TUBE* (Frequencies below 40 Mc.) 
D-C Plate Voltage - - - - - - 4000 5000 6000 Volts 
D-C Plate Current 1.25 1.20 1.13 Amps. 
Total Bias Voltage   —600 —700 —800 Volts 
Fixed Bias Voltage   —300 —330 —375 Volts 
Grid Resistor 1500 2000 2500 Ohms 
D-C Grid Current 200 185 170 Ma. 
Peak R-F Grid Input Voltage (approx.) 1140 1240 1320 Volts 
Driving Power (approx.) -----228 230 225 Watts 
Grid Dissipation 108 100 88 Watts 
Plate Power Input  5000 6000 6750 Watts 
Plate Dissipation  1350 1350 1350 Watts 
Plate Power Output   3650 4650 5400 Watts 
The performance figures listed under Typical Operation are for radio 
frequencies up to the VHF region and are obtained by calculation from 
the characteristic tube curves and confirmed by direct tests. The driving 
power given includes power taken by the tube grid and the bias circuit. 
The driving power and output power do not allow for los.ses in the asso-
ciated resonant circuits. These losses are not included because they depend 
principally upon the design and choice of the circuit components. 

I> Indicates change from sheet dated 4-1-46 
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APPLICATION 

MECHANICAL 
Mounting—The 2000T must be mounted vertically, base 
up or base down. Flexible connecting straps should be 
provided between the grid and plate terminals and the 
external grid and plate circuits. The tube must be pro-
tected from severe vibration and shock. 
Cooling—Forced-air cooling is required on the envelope 
and also in the base of the tube. Envelope cooling may 
be accomplished by locating an ordinary 8- or 10-inch fan 
about one foot from the tube and directing the air at 
the middle of the envelope. 

Base cooling requires an air flow of 21/2 cu. ft. per min. 
directed up through the bottom of the base toward the 
filament press. The base of the tube is provided with a 
1-inch diameter hole for this purpose. If a socket is used 
with a 1-inch diameter matching hole and the manifold 
is of the same diameter, a static pressure of less than 
0.1 inch of water is required at the manifold to provide 
the 21/2 cu. ft. per min. 
One type of socket provides a 1/4 inch diameter pipe 

for the air inlet to the base. With this type of socket a 
static pressure of 51/2 inches of water is required at the 
pipe to obtain the necessary 21/2 cu. ft. per min. volume. 

Suitable electrical interlocks should be provided to 
remove the plate and filament voltages in the event that 
the supply of cooling air is interrupted. 

ELECTRICAL 

Filament Voltage—For maximum tube life the filament 
voltage, as measured directly at the filament pins, should 
be the rated value of 10 volts. Unavoidable variations in 
filament voltage must be kept within the range from 9.5 
to 10.5 volts. All four socket terminals should be used, 
putting two in parallel for each filament connection. 
Bias Voltage—Although there is no maximum limit on 
the bias voltage which may be used on the 2000T there is 

little advantage in using bias voltages in excess of those 
given under "Typical Operation," except in certain very 
specilaized applications. Where bias is obtained by a grid 
leak, suitable protective means must be provided to pre-
vent excessive plate dissipation in the event of loss of 
excitation. 
Plate Voltage—The plate supply voltage for the 2000T 
should not exceed 8000 volts. In most cases there is little 
advantage in using plate-supply voltages higher than 
those given under "Typical Operation" for the power 
output desired. 
Grid Dissipation—The power dissipated by the grid of the 
2000T must not exceed 150 watts. Grid dissipation may 
be calculated from the following expression: 

Ps= e,mpI, 

where Pg.= Grid dissipation, 
e—Peak positive grid voltage, and 

D-c grid current. 

ec„,p may be measured by means of a suitable peak volt-
meter connected between filament and grid.' In equip-
ment in which the plate loading varies widely, such as 
oscillators used for radio-frequency heating, care should 
be taken to make certain that the grid dissipation does 
not exceed the maximum rating under any condition of 
loading. 
Plate Dissipation—Under normal operating conditions, 
the power dissipated by the plate of the 2000T should 
not be allowed to exceed 2000 watts. Plate dissipation in 
excess of the maximum rating is permissible for short 
periods of time, such as during tuning procedures. 

'For suitable peak v.t.v.m. circuits see, for instance, "Vácuum Tube 
Ratings," Eimac News, January, 1945. This article is available in reprint 
form on request. 
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DRIVING POWER vs. POWER OUTPUT 

• 

The three charts on this page show 

the relationship of plate efficiency, 

power output and grid driving power 

at plate voltages of 5000, 6000, and 

7000 volts. These charts show com-

bined grid and bias losses only. The 

driving power and power output fig-

ures do not include circuit losses. The 

plate dissipation in watts is indicated 

by P p. 

Points A, B, and C are identical to the 

typical Class C operating conditions 

shown on the first page under 5000, 

6000, and 7000 volts respectively. 
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diodes • rectifiers 

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. 

e 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. 

e Prices on Eimac products. 

IMPORTANT EIMAC "EXTRAS" 

Application Engineering. 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. 

Field Engineering. 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. 



EITEL-McCULLOUGH, INC. 
SAN RRUNO, CALIFORNIA 

The Eimac 2-0IC is a small, closely-spaced, low-capacitance, high-vacuum 
diode designed for use through ultra-high frequencies. In measurement work, it 
is well suited to mounting in a probe and will maintain accuracy in the order of 
± 1 decibel up to 700 megacycles. It is useful as an indicator at frequencies as 
high as 3000 megacycles. 

The 2-01 C has a maximum d-c current rating of 1.0 milliampere and a 
maximum peak inverse voltage rating of 1000 volts. Cooling is by convection 
and radiation. 

GENERAL CHARACTERISTICS 

ELECTRICAL 
Cathode—Coated Unipotential 

Heater Voltage - 5.0 volts 
Heater Current - - 0.34 amperes 

Direct Interelectrode Capacitance - 0.7 ma 
Zero Signal Voltage (11 Megohm Load) 

Minimum - 0.6 volts 
Maximum - - - 1.4 volts 

Resonant Frequency (Approximately) 2800 mc 
Plate Resistance ( Eb= 12 volts) 

Average - - 8000 ohms 
Maximum - - . - 25,000 ohms 

Peak Inverse Anode Voltage (Maximum) 1000 volts 
D-C Plate Current (Maximum) - 1.0 ma 
Plate Dissipation (Maximum) - - 0.1 watt 

MECHANICAL 
Length - 
Diameter - 

*1 

430 

10 

la 5 

01 

2.5 

0.1 

1.75 inches Net Weight - 
0.56 inches Shipping Weight - 

INPUT CHARACTERISTICS 

I I 
Resistance Reactance x 100 

Reactance 
I 

0.1 10 
FREQUENCY, MC 

RESPONSE 

100 

0.2 ounce 
1.0 pound 

lo VOLTS 

3 vous 
i you. 

mere 1000 ECM 10.000 r MI 0 1 Tr. Tr 10~ 100 ene 1000 
FREQUENCY 

Input Impedance and Frequency Response of an Eimac 2-01C operating 
in a Hewlett-Packard Model 410B Vacuum Tube Voltmeter. 
Reproduced from Hewlett-Packard Catalog No. 21-A, 1952. 

INSTRUMENT 

DIODE 

(Effective 10-20-53) Copyright 1953 by Eitel-McCullough, Inc. 



HEATER a 
CATHODE 

.0000.000. 2-0IC  

.063±.003 DIA. 

DIMENSIONS 

IN INCHES  

13 
I- MAX. 
16 

Printed in U. S. A. 2-82277 



EITEL-McCULLOUGH, INC. 
SAN ORONO, CALIFORNIA 

The Eimac 2-25A diode is a high-vacuum rectifier intended for use in 
rectifier units, voltage multipliers, or in special applications, whenever condi-
tions of extreme ambient temperatures, high operating frequency, high peak 
inverse voltages, or the production of high-frequency transients would prevent 
the use of gas-filled rectifier tubes. 

The 2-25A has a maximum d-c current rating of 50 milliamperes and a 
maximum peak inverse voltage rating of 25,000 volts. Cooling is by convection 
and radiation. 

A single 2-25A will deliver 40 milliamperes at 10,000 volts to a capacitor. 
input filter with 8800 volts single-phase supply. Four 2-25A's in a bridge circuit 
will deliver 100 milliamperes at 15,600 volts to a choke-input filter with 17,600 
volts single-phase supply. 

GENERAL CHARACTERISTICS 
ELECTRICAL 

Filament: Thoriated Tungsten 
Voltage 
Current 

MECHANICAL 
Base 
Basing 
Socket - 
Mounting Position 
Cooling - 
Maximum Temperature of Plate Seal - 
Recommended Heat Dissipating Plate Connector - 
Maximum Overall Dimensions: 

Length - - 
Diameter 

Net Weight - - 
Shipping Weight (approx.) 

MAXIMUM RATINGS (Per tube) 
PEAK INVERSE PLATE VOLTAGE 
PLATE DISSIPATION - 
D-C PLATE CURRENT' - 
PEAK PLATE CURRENT 

'Averaged over one cycle for each tube. Applies only when the rectifier is coupled to the load by a choke-input filter incorporating the "critical" 
value (or larger) of input inductance. For maximum d-c current ratings under this and other load conditions see discussion under "Application". 

6.3 volts 
3.0 amperes 

HIGH-VACUUM 

RECTIFIER 

- Small 4-pin 
Refer to outline drawing 

Refer to discussion under "Application" 
Vertical, base down or up 
Convection and radiation 

225°C 
- Eimac HR-I 

25,000 
15 
50 
1.0 

MAX. 
MAX. 
MAX. 
MAX. 

- 4.38 inches 
- 1.44 inches 
- 1.2 ounces 
- 1.0 pound 

VOLTS 
WATTS 
MA 
AMPERE 

APPLICATION 
MECHANICAL 

Mounting—The 2-25A must be mounted vertically with the 
base either down or up. The lead to the plate terminal of the 
tube should be flexible. 

The small 4-pin base fits an E. F. Johnson Co. No 122-224, 
a National Co. No. XC-4 or CIR-4, or an equivalent socket. In 
some circuits, particularly those of the voltage multipliers illus-
trated in Fig. 2, it may be necessary to mount the socket on 
stand-off insulators, or on a sheet of insulating material, to 
provide adequate insulation to ground. 

(Effective 7-I-52) Copyright 1952 by Eitel-McCullough, Inc. 

Cooling—The 2-25A is cooled by convection and radiation. 
Clearance should be provided around the glass envelope ade-
quate for the free circulation of air. An Eimac HR-I Heat 
Dissipating Connector or equivalent is required on the plate 
terminal. 

The maximum temperature at the plate seal must not ex-
ceed 225°C. A convenient accessory for measuring this tem-
perature is "Tempilaq", a temperature-sensitive lacquer available 
from the Tempil Corporation, 132 W. 22nd St., New York I I, 
N. Y. 



APPLICATION (Continued) 

ELECTRICAL 
Filament Operation—For maximum tube life, the filament 

voltage, as measured at the base pins, should be the rated 

value of 6.3 volts. Variations must be kept within the range 
from 6.0 to 6.6 volts. In applications which require the diode 
to deliver high peak currents, it is important to maintain the 

filament voltage at the rated value. 

CAUTION SHOULD BE OBSERVED WHEN MEASURING 

RECTIFIER FILAMENT VOLTAGE. THE FILAMENT CIR-
CUIT MAY BE AT HIGH POTENTIAL. 

The thoriated-tungsten filament of the 2-25A reaches oper-
ating temperature in a fraction of a second after application 
of voltage. Plate voltage may be applied simultaneously with 
filament voltage. 

Plate Operation—With low room illumination, the plate of 
the 2-25A begins to show color as the maximum plate dissipa-
tion rating of 15 watts is approached. The maximum peak 
inverse voltage rating of 25,000 volts should not be exceeded at 

any time. 

Performance—The accompanying table shows some maximum 
performance capabilities of the 2-25A when used as a power-
supply rectifier. 

2-25A MAXIMUM-PERFORMANCE CAPABILITIES 
Capacitor-Input Filter Choke-Input Filter 

Circuit A-C Input D-C Output D-C Output D-C Output D-C Output 
Type Voltage Voltage Current Voltage Current 

(volts rms) (volts) (ma) (volts) (ma) 
Single-
Phase, 
Half-
Wave 
Single-
Phase, 
Full-
Wave 
Single-
Phase, 17,600 20,000 80 
Bridge 
lOne-half the transformer secondary voltage. 

8800 10,000 ao 

88001 10,000 80 

Maximum D-C Current Ratings —Plate dissipation rather than 
peak current usually limits the d-c current which the -2-25A 

is capable of delivering to the load. Because the plate dissi-
pation associated with a given d-c current depends upon the 
amount of ripple and its wave-shape, circuit conditions will 

determine the maximum d-c current rating of the tube. 

Choke-Input Filter—The maximum d-c current rating of the 

2-25A is 50 milliamperes when the load incorporates a choke-
input filter with the "critical" value (or larger) of input 
inductance (L 1 in Fig. I ): 

R ff 
Lo=  e 

18.8f 

Lo= Reff  
75f 

L.= Reif  
660f 

for full-wave single-phase rectifiers, 

for half-wave three-phase rectifiers, 

for full-wave three-phase rectifiers, 

where: Lo= "critical" value of input inductance (henries), 
f= supply-line frequency (cycles per second), 

R eff 
Load voltage (volts) = 
Load current (amps) 

Choke-input filters are not normally used with single-phase 
half-wave rectifiers. 

Capacitor-Input Filter—The 2-25A is particularly suitable for 
power-supply applications demanding high voltage at low 
current. Under these conditions capacitor-input filter circuits 
become desirable. The maximum d-c current rating of the 2-25A 
when no input choke is incorporated in the filter depends upon 

the total series resistance of the capacitor-charging circuit 
relative to the effective load resistance seen by each tube. 
The circuit diagrams and tabulation in Pig. 2 are so arranged 
and labeled that this required series resistance may be found 
for a wide range of load conditions. This may be done by de-

termining the value of the following quantities: 

Ec is the filter-input d-c voltage. While this is usually the 

entire load voltage, in the case of voltage multipliers it is the 
load voltage divided by the multiplication factor. 

I p is the d-c current per tube. This is the entire load cur-
rent only in the case of the simple half-wave rectifier or half-
or full-wave multiplier. In the case of full-wave center-tapped 
or bridge rectifiers, 1 p is half the load current. 

Rc is the total charging-circuit resistance. A certain mini-
mum value of charging-circuit resistance is necessary to limit 

the peak value of current to which the tubes will be subjected 
under given load conditions. This required minimum depends 
upon the d-c current per tube (I p). and has been tabulated in 
Fig. 2 as a percentage of the effective load resistance per tube 
(Ec/I p). The total charging-circuit resistance involves the in-
ternal resistance of the rectifier tube, Rp, the added series 
resistor, Rs, and the equivalent internal resistance of the a-c 
voltage supply, R. 

Rp is the plate resistance of the 2-25A, which may be 

taken as 1200 ohms. 

R is the equivalent internal resistance of the supply. This 
may be taken as the regulation of the high-voltage supply ex-
pressed as a decimal multiplied by the load resistance used 

in measuring this regulation. 

Rs is the series resistor which must be inserted in the 
7900 100 charging circuit to bring the total charging-circuit resistance 

(R c) up to the required minimum. Its value may be found 

15,800 100 from the formula associated with each of the circuits of Fig. 2. 
This resistor must be inserted in such a position in the circuit 
that it protects all tubes. 

Tubes may be operated in parallel +o increase the output 
capability in a given circuit. When two tubes are placed in 

parallel at each place where one is shown in the circuits of Fig. 
2, the plate resistance (Rn) will be half as great and the 
maximum allowable load current twice as great as indicated. 

Peak Inverse Voltage —The peak inverse voltage rating of 
the 2-25A is 25,000 volts. In single-phase power-supply rectifier 
circuits the peak inverse voltage to be used ih design is the 
peak a-c supply voltage (1.41 times Erms in Fig. 2) in the 
case of bridge circuits, and twice this value in the case of half-
and full-wave rectifiers and voltage multipliers. Peak inverse 
voltage in three-phase operation depends upon the circuit em-
ployed, and will be found listed in the handbooks. 

Special Applications—The ratings given for capacitor-input 

filter circuits assume values of input capacitance large enough 
to hold the ripple to a low value. In special applications where 
a larger percent ripple is tolerable, and filter capacitance 
is low, the 2-25A is capable of larger d-c output currents. 

As a unidirectional conductor in d-c circuits where the 
current is continuous and the percent ripple is moderate, the 
maximum current rating of the 2-25A is 90 milliamperes. 

The plate characteristic curve for the 2-25A serves as a 
guide to special applications. The maximum plate dissipation 
rating of 15 watts, the maximum peak inverse voltage rating of 
25,000 volts, and the maximum peak plate current of 1.0 ampere 
must not be exceeded. 



Fig. I. Rectifier with Choke-Input Filter 

a. Full-Wave Center-Tapped Rectifier 

c. Half-Wave Rectifier 

e. Half-Wave Voltage Multiplier (with common 
ground when Rs is inserted on the "high" 

side of Erms) 

b. Full-Wave Bridge Rectifier 

d. Half-WavE: Voltage Doubler 

f. Full-Wave Voltage Multiplier 

Eimac 2-25A Maximum D C Current Ratings for R C Filter Applications 

D-C Plate Current (I p) 35.0 37.5 40.0 42.5 45.0 47.5 50.0 milliamperes per tube 

Total Charging-
Circuit Resistance ( R e) 

1.3 2.0 3.4 5.5 9.0 16 27 
percent of Effective 
Load Resistance per 
Tube (Ec/lo) 

A-C Supply Voltage 
(Erms ) 

0.80 0.83 0.88 0.94 1.05 1.23 1.50 times Filter-Input 
D-C Voltage (E ci 

Peak Inverse Voltage 
(1/2 these values for circuit b.) 

2.3 2.4 2.5 2.7 3.0 3.5 4.3 times Filter-Input 
D-C Voltage (Ec) 

Fig. 2. Eimac 2-25A Basic R-C Circuits (for any one of the indicated loads) 

R i= Equivalent resistance of voltage source. 

Rp= 1200 ohms (600 ohms for two tubes in parallel) 
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EITEL-McCULLOUGH, INC. 
SAN BRUNO, CALIFORNIA 

The Eimac 2-50A diode is a high-vacuum rectifier intended for use in recti-
fier units, voltage multipliers, or in special applications, whenever conditions of 
extreme ambient temperatures, high operating frequency, high peak inverse 
voltages, or the production of high-frequency transients would prevent the use 
of gas-filled rectifier tubes. 

The 2-50A has a maximum d-c current rating of 75 milliamperes and a maxi-
mum peak inverse voltage rating of 30,000 volts. Cooling is by convection and 
radiation. 

A single 2-50A will deliver 60 milliamperes at 12,500 volts to a capacitor-
input filter with 10,600 volts single-phase supply. Four 2-50A's in a bridge cir-

cuit will deliver 150 milliamperes at 19,000 volts to a choke-input filter with 
21,200 volts single-phase supply. 

GENERAL CHARACTERISTICS 
ELECTRICAL 

Filament: Thoriated Tungsten 
Voltage - 
Current 

MECHANICAL 
Base 
Basing 
Socket - - 
Mounting Position 
Cooling - 
Maximum Temperature of Plate Seal - 
Recommended Heat Dissipating Plate Connector - 
Maximum Overall Dimensions: 

Length - 
Diameter 

Net Weight - - 
Shipping Weight (approx.) 

MAXIMUM RATINGS (Per tube) 
PEAK INVERSE PLATE VOLTAGE 
PLATE DISSIPATION - 
D-C PLATE CURRENT' - 
PEAK PLATE CURRENT 

'Averaged over one cycle for each tube. Applies only when the rectifier is coupled 
value (or larger) of input inductance. For maximum d-c current ratings under this 

- 5.0 volts 
- 4.0 amperes 

HIGH-VACUUM 

RECTIFIER 

- Medium 4-pin bayonet 
Refer to outline drawing 

Refer to discussion under "Application" 
Vertical, base down or up 
Convection and radiation 

- 225°C 
- Eimac HR-3 

30,000 
30 
75 
1.0 

MAX. 
MAX. 
MAX. 
MAX. 

- 5.50 
- 1.82 
- 2.5 
- 1.0 

VOLTS 
WATTS 
MA 
AMPERE 

inches 
inches 
ounces 
pound 

to the load by a choke-input filter incorporating the "critical" 
and other load conditions see discussion under "Application". 

APPLICATION 
MECHANICAL 

Mounting—The 2-50A must be mounted vertically with the 
base either down or up. The lead to the plate terminal of the 
tube should be flexible. 

The medium 4-pin base fits an E. F. Johnson Co. No. 122-
224, a National Co. No. XC-4 or CIR-4, or an equivalent socket. 
In some circuits, particularly those of the voltage multipliers 
illustrated in Fig. 2, it may be necessary to mount the socket 

on stand-off insulators, or on a sheet of insulating material, to 
provide adequate insulation to ground. 

Cooling—The 2-50A is cooled by convection and radiation. 
Clearance should be provided around the glass envelope ade-
quate for the free circulation of air. An Eimac HR-3 Heat Dissi-
pating Connector or equivalent is required on the plate terminal. 

The maximum temperature at the plate seal must not exceed 
225°C. A convenient accessory for measuring this temperature 

(Effective 7-1-52) Copyright 1952 by Eitel-McCullough, Inc. 



APPLICATION 

is "Tempilaq" a temperature-sensitive lacquer available from 
the Tempil Corporation, 132 W. 22nd St., New York I I, N. Y. 

ELECTRICAL 
Filament Operation—For maximum tube life, the filament volt-

age, as measured at the base pins, should be the rated value of 
5.0 volts. Variations must be kept within the range from 4.75 
to 5.25 volts. In applications which require the diode to 
deliver high peak currents, it is important to maintain the fila-

ment voltage at the rated value. 

CAUTION SHOULD BE OBSERVED WHEN MEASURING 

RECTIFIER FILAMENT VOLTAGE. THE FILAMENT CIR-
CUIT MAY BE AT A HIGH POTENTIAL. 

The thoriated-tungsten filament of the 2-50A reaches op-
erating temperature in a fraction of a second after application 
of voltage. Plate voltage may be applied simultaneously with 

filament voltage. 

Plate Operation—With low room illumination the plate of 
the 2-50A begins to show color as the maximum plate dissipa-
tion rating of 30 watts is approached. The maximum peak inverse 
voltage rating of 30,000 volts should not be exceeded at any 

time. 

Performance—The accompanying table shows some maximum 
performance capabilities of the 2-50A when used as a power-

supply rectifier. 

2-50A MAXIMUM-PERFORMANCE CAPABILITIES 
Capacitor-Input Filter Choke-Input Filter 

Circuit A-C Input D-C Output D-C Output D-C Output D-C Output 
Type Voltage Voltage Current Voltage Current 

(volts rms) (volts) (ma) (volts) (ma) 

Single-
Phase, 
Half-
Wave 

Single-
Phase, 
Full-
Wave 
Single-
Phase, 21,200 25,000 120 
Bridge 
'One half the transformer secondary voltage. 

Maximum DeC Current Ratings—Plate dissipation rather than 
peak current usually limits the d-c current which the 2-50A 
is capable of delivering to the load. Because the plate dissipa-
tion associated with a given d-c current depends upon the 
amount of ripple and its wave-shape, circuit conditions will de-
termine the maximum d-c current rating of the tube. 

Choke-Input Filter—The maximum d-c current rating of the 
2-50A is 75 milliamperes when the load incorporates a choke-
input filter with the "critical" value (or larger) of input in-
ductance (L 1 in Fig. I): 

R eff  
L =   for full-wave single-phase rectifiers, 

I8.8f  
Reff 

I- 0 —  75f 

R ff L 0 =  for full-wave three-phase rectifiers, 
660f 

where: L. = "critical" value of input inductance (henries), 
f =supply-line frequency (cycles per second), 
R — Load voltage (volts)  
ef  

Load current (amps) 

10,600 

10,600i 

12,500 

12,500 

60 

120 

for half-wave three-phase rectifiers, 

Choke-input filters are not normally used with single-phase 

half-wave rectifiers. 

Capacitor-Input Filter—The 2-50A is particularly suitable for 
power-supply applications demanding high voltage at low cur-
rent. Under these conditions capacitor-input filter circuits 
become desirable. The maximum d-c current rating of the 2-50A 

(Continued) 

when no input choke is incorporated in the filter depends upon 
the total series resistance of the capacitor-charging circuit 

relative to the effective load resistance seen by each tube. The 
circuit diagrams and tabulation in Fig. 2 are so arranged and 
labeled that this required series resistance may be found for a 
wide range of load conditions. This may be done by determin-
ing the value of the following quantities: 

Ec is the filter-input d-c voltage. While this is usually the 
entire load voltage, in the case of voltage multipliers it is the 
load voltage divided by the multiplication factor. 

I p is the d-c current per tube. This is the entire load current 
only in the case of the simple half-wave rectifier or half- or full-
wave multiplier. In the case of full-wave center-tapped or bridge 
rectifiers, I p is half the load current. 

R c is the total charging-circuit resistance. A certain mini-
mum value of charging-circuit resistance is necessary to limit 
the peak value of current to which the tubes will be subjected 
under given load conditions. This required minimum depends 
upon the d-c current per tube (I p ), and has been tabulated in 
Fig. 2 as a percentage of the effective load resistance per tube 

(Eci I p). The total charging-circuit resistance involves the in-
ternal resistance of the rectifier tube, Rp, the added series 
resistor, Rs, and the equivalent internal resistance of the a-c 
voltage supply, R 

Rp is the plate resistance of the 2-50A, which may be 
taken as 1000 ohms. 

Ri is the equivalent internal resistance of the supply. This 
may be taken as the regulation of the high-voltage supply ex-
pressed as a decimal multiplied by the load resistance used in 
measuring this regulation. 

Rs is the series resistor which must be inserted in the 
charging circuit to bring the total charging-circuit resistance up 

9500 150 to the required minimum. Its value may be found from the for-
mula associated with each of the circuits of Fig. 2. This resistor 

19,000 150 must be inserted in such a position in the circuit that it pro-

tects all tubes. 

Tubes may be operated in parallel to increase the output 
capability in a given circuit. When two tubes are placed in 
parallel at each place where one is shown in the circuits of Fig. 
2, the plate resistance (4) will be half as great and the maxi-
mum allowable load current twice as great as indicated. 

Peak Inverse Voltage—The peak inverse voltage rating of 
the 2-50A is 30,000 volts. In single-phase power-'supply rectifier 

circuits the peak inverse voltage to be used in design is the 
peak a-c supply voltage (1.41 times E rms in Fig. 2) in the case 

of bridge circuits, and twice this value in the case of half- and 
full-wave rectifiers and voltage multipliers. Peak inverse voltage 
in three-phase operation depends upon the circuit employed, and 

will be found listed in the handbooks. 

Special Applications—The ratings given for capacitor-input 
filter circuits assume values of input capacitance large enough 
to hold the ripple to a low value. In special applications where 
a larger percent ripple is tolerable, and filter capacitance is low, 
the 2-50A is capable of larger d-c output currents. 

As a unidirectional conductor in d-c circuits where the 

current is continuous and the percent ripple is moderate, the 
maximum current rating of the 2-50A is 145 milliamperes. 

The plate characteristic curve for the 2-50A serves as a 
guide to special applications. The maximum plate dissipation 
rating of 30 watts, the maximum peak inverse voltage rating of 
30,000 volts, and the maximum peak plate current of 1.0 ampere 
must not be exceeded. 



Fig. I. Rectifier with Choke-Input Filter 

a. Full-Wave Center-Tapped Rectifier 

R=RC— —RP 

Rs 

*VLF ? : 

1 3. (R ) Erm 
Ec 

.14  

ri 
) 

c. Half-Wave Rectifier 

e. Half-Wave Voltage Multiplier (with common 
ground when Rs is inserted on the "high" 

side of Erms) 

b. Full-Wave Bridge Rectifier 

d. Half-Wave Voltage Doubler 

f. Full-Wave Voltage Multiplier 

Eimac 2-50A Maxium D-C Current Ratings for R-C Filter Applications 

D-C Plate Current (I r) 55 60 65 70 75 milliamperes per tube 

Total Charging-
Circuit Resistance (Re) 

1.3 2.4 4.7 8.5 17 
percent of effective 
Load Resistance per 
Tube (E cil p) 

A-C Supply Voltage 
(E rims ) 

0.80 0.85 0.92 1.04 1.28 times Filter-Input 
D-C Voltage (Ea) 

Peak Inverse Voltage 
(1/2 these values for circuit b.) 

2.3 2.4 2.6 3.0 3.7 times Filter-Input 
D-C Voltage (Ec) 

Fig. 2 Eimac 2-50A Basic R-C Circuits (for any one of the indicated loads) 
R I= Equivalent resistance of voltage source 
Rp= 1000 ohms (500 ohms for two tubes in parallel) 
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El TE -McCULLOUGHe INC. 
SAN BRUNO, CALIFORNIA 

The Eimac 2-150D is a high vacuum diode rectifier intended for use in 
rectifier units, voltage multipliers, or in special applications, whenever condi-
tions of extreme ambient temperatures, high operating frequency, high peak 
inverse voltages, or the production of high-frequency transients would prevent 
the use of gas-filled rectifier tubes. 

The 2-150D has a maximum d-c current rating of 250 milliamperes and a 
maximum peak inverse voltage rating of 30,000 volts. Cooling is by convection 
and radiation. 

A single 2-150D will deliver 200 milliamperes at 11,800 volts to a capacitor-
input filter with 10,600 volts single-phase supply. Four 2-150D's in a bridge 
circuit will deliver 500 milliamperes at 19,000 volts to a choke-input filter with 
21,200 volts single-phase supply. 

GENERAL CHARACTERISTICS 
ELECTRICAL 

Filament: Thoriated Tungsten 
• Voltage 

Current 

MECHANICAL 
Base - 
Basing 
Socket 
Mounting Position 
Cooling - 
Maximum Temperature of Plate Seal - 
Recommended Heat Dissipating Plate Connector - 
Maximum Over-all Dimensions: 

Length 
Diameter - 

Net Weight - - 
Shipping Weight (approx.) - 

MAXIMUM RATINGS (Per tube) 
PEAK INVERSE PLATE VOLTAGE 
PLATE DISSIPATION - - 
D-C PLATE CURRENT' - 
PEAK PLATE CURRENT - 

'Averaged over one cycle for each tube. Applies only when the rectifier is coupled 
value (or larger) of input inductance. For maximum d-c current ratings under this 

- 5.0 volts 
- 13.0 amperes 

2-150D 
HIGH-VACUUM 

RECTIFIER 

- 50-watt jumbo 4-pin bayonet 
Refer to outline drawing 

Refer to discussion under "Application" 
Vertical, base down or up 
Convection and Radiation 

- 225°C 
- Eimac HR-6 

30,000 
90 
250 
3.0 

MAX. VOLTS 
MAX. WATTS 
MAX. MA 
MAX. AMPERES 

8.88 inches 
2.50 inches 
9 ounces 
I pound 

to the load by a choke-input filter incorporating the "critical" 
and other load conditions see discussion under "Application". 

APPLICATION 
MECHANICAL 

Mounting—The 2-150D must be mounted vertically with the 
base either down or up. The lead to the plate terminal of the 
tube should be flexible. 

The 50-watt jumbo 4-pin bayonet base fits an E. F. Johnson 
Co. No. 123-211, a National Co. No. XM-50, or an equivalent 
socket. In some circuits, particularly those of the voltage multi-
pliers illustrated in Fig. 2, it may be necessary to mount the 

socket on stand-off insulators, or on a sheet of insulating ma-
terial, to provide adequate insulation to ground. 

Cooling—The 2-150D is cooled by convection and radiation. 
Clearance should be provided around the glass envelope ade-
quate for the free circulation of air. An Eimac HR-6 Heat Dissi-
pating Connector or equivalent is required on the plate terminal. 

The maximum temperature at the plate seal must not exceed 
225 °C. A convenient accessory for measuring this temperature 

(Effective 7-1-52) Copyright 1952 by Eitel-McCullough, Inc. 



APPLICATION 

is "Tempilaq", a temperature-sensitive lacquer available from 
the Tempil Corporation, 132 W. 22nd Street, New York 11, N. Y. 

ELECTRICAL 
Filament Operation—For maximum tube life, the filament volt-
age, as measured at the base pins, should be the rated value 
of 5.0 volts. Variations must be kept within the range from 
4.75 to 5.25 volts. In applications which require the diode to 
deliver high peak currents, it is important to maintain the fila-
ment voltage at the rated value. 

CAUTION SHOULD BE OBSERVED WHEN MEASURING 
RECTIFIER FILAMENT VOLTAGE. THE FILAMENT CIR-
CUIT MAY BE AT HIGH POTENTIAL. 

The thoriated-tungsten filament of the 2-150D reaches 
operating temperature in a fraction of a second after applica-
tion of voltage. Plate voltage may be applied simultaneously 
with filament voltage. 

/ 
Plate Operation—With low room illumination, the plate of 
the 2-150D begins to show color as the maximum plate dissipa-
tion rating of 90 watts is approached. The maximum peak 
inverse voltage rating of 30,000 volts should not be exceeded 
at any time. 

Performance—The accompanying table shows some maximum 
performance capabilities of the 2-150D when used as a power-
supply rectifier. 

2-150D MAXIMUM-PERFORMANCE CAPABILITIES 

Capacitor-Input Filter Choke-Input Filter 

Circuit A•C Input D-C Output D-C Output D-C Output D-C Output 
Type Voltage Voltage Current Voltage Current 

(volts rms) (volts) (ma) (volts) (ma) 

Single-
Phase, 
Half-
Wave 
Single-
Phase, 
Full-
Wave 
Single-
Phase, 21,200 23,600 400 19,000 500 
Bridge 
'One-half the transformer secondary voltage. 

10,600 11,800 200 

10,601Y 11,800 400 

Maximum D-C Current Ratings—Plate dissipation rather than 
peak current usually limits the d-c current which the 2-150D 
is capable of delivering to the load. Because the plate dissi-
pation associated with a given d-c current depends upon the 
amount of ripple and its wave-shape, circuit conditions will 
determine the maximum d-c current rating of the tube. 

Choke-Input Filter—The maximum d-c current rating of the 
2-150D is 250 milliamperes when the load incorporates a choke-
input filter with the "critical" value (or larger) of input in-
ductance (L 1 in Fig. I): 

L 
I 8.8f 

L 
° 75f 

L0= 
660f 

for full-wave single-phase rectifiers, 

for half-wave three-phase rectifiers, 

for full-wave three-phase rectifiers, 

where: Lo= "critical" value of input inductance (henries), 
f= supply-line frequency (cycles per second), 

R — Load voltage (volts) 
éf  Load current (amps) 

Choke-input filters are not normally used with single-phase 
half-wave rectifiers. 

Capacitor-Input Filter—The 2-150D is particularly suitable for 
power-supply applications demanding high voltage at low cur-
rent. Under these conditions capacitor-input filter circuits be-
come desirable. The maximum d-c current rating of the 2-150D 

(Continued) 

when no input choke is incorporated in the filter depends upon 
the total series resistance of the capacitor-charging circuit 
relative to the effective load resistance seen by each tube. The 
circuit diagrams and tabulation in Fig. 2 are so arranged and 
labeled that this required series resistance may be found for a 
wide range of load conditions. This may be done by determin-
ing the value of the following quantities: 

E , is the filter-input d-c voltage. While this is usually the 
entire load voltage, in the case of voltage multipliers it is the 
load voltage divided by the multiplication factor. 

I p is the d-c current per tube. This is the entire load cur-
rent only in the case of the simple half-wave rectifier or galf-
or full-wave multiplier. In the case of full-wave center-tapped 
or bridge rectifiers, 1p is half the load current. 

R, is the total charging-circuit resistance. A certain mini-

mum value of charging-circuit resistance is necessary to limit 
the peak value of current to which the tubes will be subjected 
under given load conditions. This required minimum depends 
upon the d-c current per tube (I n), and has been tabulated in 
Fig. 2 as a percentage of the effective load resistance per tube 
(E,/l p). The total charging-circuit resistance involves the in-
ternal resistance of the rectifier tube, Rp, the added series 
resistor, R,, and the equivalent internal resistance of the a-c 

voltage supply, R. 

Rp is the plate resistance of the 2-150D, which may be 
taken as 300 ohms. 

R ¡ is the equivalent internal resistance of the supply. This 

may be taken as the regulation of the high-voltage supply ex-
pressed as a decimal multiplied by the load resistance used in 
measuring this regulation. 

R, is the series resistor which must be inserted in the 
9500 500 charging circuit to bring the total charging-circuit resistance up 

to the required minimum. Its value may be found from the for-

mula associated with each of the circuits of Fig. 2. This re-
sistor must be inserted in such a position in the circuit that it 
protects all tubes. 

Tubes may be operated in parallel to increase the output 
capability in a given circuit. When two tubes are placed in 
parallel at each place where one is shown in the circuits of Fig. 

2, the plate resistance (Rn) will be half as great and the load 
maximum allowable load current twice as great as indicated. 

Peak Inverse Voltage—The peak inverse voltage rating of the 
2-150D is 30,000 volts. In single-phase power-supply rectifier 
circuits the peak inverse voltage to be used in design is the 
peak a-c supply voltage (1.41 times Ern, in Fig. 2) in the case 
of bridge circuits, and twice this value in the case of half- and 
full-wave rectifiers and voltage multipliers. Peak inverse voltage 
in three-phase operation depends upon the circuit employed, 

and will be found listed in the handbooks. 

Special Applications-The ratings given for capacitor-input filter 
circuits assume values of input capacitance large enough to hold 

the ripple to a low value. In special applications where a larger 
percent ripple is tolerable, and filter capacitance is low, the 
2-150D is capable of larger d-c output currents. 

As a unidirectional conductor in d-c circuits where the cur-

rent is continuous and the percent ripple is moderate, the maxi-
mum current rating of the 2-150D is 500 milliamperes. 

The plate characteristic curve for the 2-150D serves as a 
guide to special applications. The maximum plate dissipation 
rating of 90 watts, the maximum peak inverse voltage rating of 
30,000 volts, and the maximum peak plate current of 3.0 am-
peres must not be exceeded. 



Fig. I. Rectifier with Choke-Input Filter 

a. Full-Wave Center-Tapped Rectifier 

c. Half-Wave Rectifier 

e. Half-Wave Voltage Multiplier (with common 
ground when Rs is inserted on the "high" 

side of Erms) 

b. Full-Wave Bridge Rectifier 

d. Half-Wavi Voltage Doubler 

f. Full-Wave Voltage Multiplier 

Eimac 2-150D Maximum D-C Current Ratings for R-C Filter Applications 

D-C Plate Current (1 o) 150 175 200 225 250 milliamperes per tube 

Total Charging-
Circuit Resistance (Re) 0.7 1.6 3.9 9.6 27 

percent of Effective 
Load Resistance per 
Tube (Ecil p) 

A-C Supply Voltage 
(Erms) 

0.78 0.82 0.90 1.07 1.50 
times Filter-Input 
D-C Voltage (Ea) 

Peak Inverse Voltage 
(1/2 these values for circuit b.) 

2.2 2.4 2.6 3.0 4.3 times Filter-Input 
D-C Voltage (Ec) 

Fig. 2 Eimac 2-150D Basic R-Ç Circuits (for any one of the indicated loads) 

R1=- Equivalent resistance of voltage source 

Rp= 300 ohms (150 ohms for two tubes in parallel) 
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El TEL-McC UL LO U GH, INC. 
SAN BRUNO, CALIFORNIA 

The Eimac 2-240A is a high vacuum diode rectifier intended for use in 
rectifier units, voltage multipliers, or in special applications, whenever condi-
tions of extreme ambient temperatures, high operating frequency, high peak 
inverse voltages, or the production of high-frequency transients would prevent 
the use of gas-filled rectifier tubes. 

The 2-240A has a maximum d-c current rating of 500 milliamperes and a 
maximum peak inverse voltage rating of 40,000 volts. Cooling is by convection 
and radiation. 

A single 2-240A will deliver 320 milliamperes at 16,000 volts to a capa-
citor-input filter with 14,000 volts single-phase supply. Four 2-240A's in a bridge 
circuit will deliver 1.0 ampere at 25,000 volts to a choke-input filter with 28,000 
volts single-phase supply. 

GENERAL CHARACTERISTICS 
ELECTRICAL 

Filament: Thoriated Tungsten 
Voltage 
Current 

MECHANICAL 
Base 
Basing 
Socket 
Mounting Position 
Cooling 
Maximum Temperature of Plate Seal - 
Recommended Heat Dissipating Plate Connector 
Maximum Over-all Dimensions: 

Length 
Diameter 

Net Weight - 
Shipping Weight (approx.) 

MAXIMUM RATINGS (Per tube) 
PEAK INVERSE PLATE VOLTAGE 
PLATE DISSIPATION - - 
D-C PLATE CURRENT' - 
PEAK PLATE CURRENT 

'Averaged over one cycle for each tube. Applies only when the rectifier is coupled 
value (or larger) of input inductance. For maximum d-c current ratings under this 

- 7.5 volts 
- 12.0 amperes 

2-240A 
HIGH-VACUUM 

RECTIFIER 

- 50-watt jumbo 4-pin bayonet 
Refer to outline drawing 

Refer to discussion under "Application" 
Vertical, base down or up 
Convection and radiation 

- 225°C 
Eimac HR-6 

40,000 
150 
500 
4.0 

MAX. 
MAX. 
MAX. 
MAX. 

VOLTS 
WATTS 
MA 
AMPERES 

11.2 inches 
3.82 inches 

10 ounces 
3 pounds 

to the load by a choke-input filter incorporating the "critical" 
and other load conditions see discussion under "Application". 

APPLICATION 
MECHANICAL 

Mounting—The 2-240A must be mounted vertically with the 
base either down or up. The lead to the plate terminal of the 
tube should be flexible. 

The 50-watt jumbo 4-pin bayonet base fits an E. F. John-
son Co. No.I23-211, a National Co. No. XM-50, or an equiva-
lent socket. In some circuits, particularly those of the voltage 
multipliers illustrated in Fig. 2, it may be necessary to mount 

(Effective 7-1-52) Copyright 1952 by Eitel-McCullough, Inc. 

the socket on stand-off insulators, or on a sheet of insulating 
material, to provide adequate insulation to ground. 

Cooling--The 2-240A is cooled by convection and radiation. 
Clearance should be provided around the glass envelope ade-
quate for the free circulation of air. An Eimac HR-6 Heat 
Dissipating Connector or equivalent is required on the plate 
terminal. 

The maximum temperature at the plate seal must not exceed 



APPLICATION (Continued) 

225°C. A convenient accessory for measuring this temperature 
is "Tempilaq", a temperature-sensitive lacquer available from 
the Tempil Corporation, 132 W. 22nd St., New York II, N. Y. 

ELECTRICAL 
Filament Operation—For maximum tube life, the filament volt-
age, as measured at the base pins, should be the rated value 
of 7.5 volts. Variations must be kept within the range from 
7.15 to 7.85 volts. In applications which require the diode to 
deliver high peak currents, it is important to maintain the 
filament voltage at the rated value. All four socket terminals 
should be used, placing two in parallel for each filament con-
nection. 

CAUTION SHOULD BE OBSERVED WHEN MEASURING 
RECTIFIER FILAMENT VOLTAGE. THE FILAMENT CIR-
CUIT MAY BE AT HIGH POTENTIAL. 

The thoriated-tungsten filament of the 2-240A reaches op-
erating temperature in a fraction of a second after application 
of voltage. Plate voltage may be applied simultaneously with 
filament voltage. All four socket terminals should be used, 
putting two in parallel for each filament connection. 

Plate Operation—With low room illumination, the plate of the 
2-240A begins to show color as the maximum plate dissipation 
rating of 150 watts is approached. The maximum peak inverse 
voltage rating of 40,000 volts should not be exceeded at any 
time. 

Performance—The accompanying table shows some maximum 
performance capabilities of the 2-240A when used as a power-
supply rectifier. 

Circuit 
Type 

Single-
Phase, 
Half-
Wave 
Single-
Phase, 
Full-
Wave 
Single-
Phase, 28,000 32,000 0.640 25,000 1.00 
Bridge 
'One-half the transformer secondary voltage. 

Maximum D-C Current Ratings—Plate dissipatrori rather than 
peak current usually limits the d-c current which the 2-240A is 
capable of delivering to the load. Because the plate dissipation 
associated with a given d-c current depends upon the amount 
of ripple and its wave-shape, circuit conditions will determine 
the maximum d-c current rating of the tube. 

Choke-Input Filter—The maximum d-c current rating of the 
2-240A is 500 milliamperes when the load incorporates a choke-
input filter with the "critical" value (or larger) of input induct-
ance (L in Fig. 1): 

2-240A MAXIMUM-PERFORMANCE CAPABILITIES 
Capacitor-Input Filter Choke-Input Filter 

A-C Input D-C Output D-C Output D-C Output D-C Output 
Voltage Voltage Current Voltage Current 

(volts rms) (volts) (amperes) (volts) (amperes) 

14,000 

14,000. 

L.= Ile-
18.8f 

L = R eff o 75f 

L0= 
660f 

where: L.= 
f = 

R éf = 

16,000 

16,000 

0.320 

0.640 12,500 

for full-wave single-phase rectifiers, 

for half-wave three-phase rectifiers, 

for full-wave three-phase rectifiers, 

1.00 

"critical" value of input inductance (henries) 
supply-line frequency (cycles per second), 
Load voltage (volts) 
Load current (amps) 

Choke-input filters are not normally used with single-phase 
half-wave rectifiers. 

Capacitor-Input Filter—The 2-240A is particularly suitable for 

power-supply applications demanding high voltage at low cur-

rent. Under these conditions capacitor-input filter circuits be-
come desirable. The maximum d-c currept rating of the 2-240A 
when no input choke is incorporated in the filter depends upon 

the total series resistance of the capacitor-charging circuit rela-
tive to the effective load resistance seen by each tube. The 
circuit diagrams and tabulation in Fig. 2 are so arranged and 
labeled that this required series resistance may be found for a 

wide range of load conditions. This may be done by determin-
ing the value of the following quantities: 

Ec is the filter-input d-c voltage. While this is usually the 
entire load voltage, in the case of voltage multipliers it is the 
load voltage divided by the multiplication factor. 

1p is the d-c current per tube. This is the entire load current 
only in the case of the simple half-wave rectifier or half- or 
full-wave multiplier. In the case of full-wave center-tapped or 
bridge rectifiers, 1p is half the load current. 

Itc is the total charging-circuit resistance. A certain mini-
mum value of charging-circuit resistance is necessary to limit 
the peak value of current to which the tubes will be subjected 
under given load conditions. This required minimum depends 

upon the d-c current per tube (Ip), and has been tabulated in 
Fig. 2 as a percentage of the effective load resistance per tube 
(E c/I p). The total charging-circuit resistance involves the in-
ternal resistance of the rectifer tube, Rp, the added series 
resistor, Rs, and the equivalent internal resistance of the a-c 
voltage supply, Ri. 

Rp is the plate resistance of the 2-240A, which may be 

taken as 200 ohms. 

RI is the equivalent internal resistance of the supply. This 
may be taken as the regulation of the high-voltage supply ex-
pressed as a decimal multiplied by the load resistance used in 
measuring this regulation. 

Rs is the series resistor which must be inserted in the 
charging circuit to bring the total charging-circuit resistance up 
to the required minimum. Its value may be found from the 
formula associated with each of the circuits of Fig. 2. This 
resistor must be inserted in such a position in the circuit that 
it protects all tubes. 

Tubes may be operated in parallel to increase the output 
capability in a given circuit. When two tubes are placed in 
parallel at each place where one is shown in the circuits of 
Fig. 2, the plate resistance (Rn) will be half as great and the 
maximum allowable load current twice as great as indicated. 

Peak Inverse Voltage—The peak inverse voltagé rating of the 
2-240A is 40,000 volts. In single-phase power-supply rectifier 
circuits the peak inverse voltage to be used in design is the 
peak a-c supply voltage (1.41 times Erms in Fig. 2) in the case 
of bridge circuits, and twice this value in the case of half- and 
full-wave rectifiers and voltage multipliers. Peak inverse voltage 
in three-phase operation depends upon the circuit employed and 
will be found listed in the handbooks. 

Special Applications—The ratings given for capacitor-input 
filter circuits assume values of input capacitance large enough 
to hold the ripple to a low value. In special applications where 
a larger percent ripple is tolerable, and filter capacitance is 
low, the 2-240A is capable of larger d-c output currents. 

As a unidirectional conductor in d-c circuits where the cur-
rent is continuous and the percent ripple is moderate, the maxi-
mum current rating of the 2-240A is 800 milliamperes. 

The plate characteristic curve for the 2-240A serves as a 
guide to special applications. The maximum plate dissipation 
rating of 150 watts, the maximum peak inverse voltage rating of 
40,000 volts, and the maximum peak plate current of 4.0 am-
peres must not be exceeded. 



Fig. I. Rectifier with Choke-Input Filter 

a. Full-Wave Center-Tapped Rectifier 

c. Half-Wave Rectifier 

e. Half-Wave Voltage Multiplier (with common 
ground when R, is inserted on the "high" 

side of Errns) 

b. Full-Wave Bridge Rectifier 

d. Half-Wave Voltage Doubler 

f. Full-Wave Voltage Multiplier 

Eimac 2-240A Maximum D-C Current Ratings for R-C Filter Applications 

D-C Plate Current (Ip) 280 300 320 340 360 380 400 milliamperes per tube 

Total Charging-
Circuit Resistance (Re) 

1.0 1.8 3.0 5.0 7.5 12 20 
percent of Effective 
Load Resistance per 
Tube (Ecilp) 

A-C Supply Voltage 
(Errns) 

0.80 0.83 0.87 0.94 1.01 1.14 1.33 times Filter-Input 
D-C Voltage (Eel 

Peak-Inverse Voltage 
(1/2 these values for circuit b.) 2.3 2.4 2.5 2.7 2.9 3.2 3.8 times Filter-Input 

D-C Voltage (Ee) 

Fig. 2 Eimac 2-240A Basic R-C Circuits (for any one of the indicated loads) 
R1 =Equivalent resistance of voltage source 
Rp=200 ohms (100 ohms for two tubes in parallel) 
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E I TE L-Mc CUL LO U G H, INC. 
SAN BRUNO, CALIFORNIA 

The Eimac 2-2000A is a high-vacuum diode rectifier intended for use in 
rectifier units, voltage multipliers, or in special applications, whenever condi-
tions of extreme ambient temperatures, high operating frequency, high peak 
inverse voltages, or the production of high-frequency transients would prevent 
the use of gas-filled rectifier tubes. 

The 2-2000A has a maximum d-c current rating of 750 milliamperes and 
a maximum peak inverse voltage rating of 75,000 volts. Cooling is by forced 
air, convection, and radiation. 

A single 2-2000A will deliver 600 milliamperes at 31,500 volts to a capa-
citor-input filter with 26,500 volts single-phase supply. Four 2-2000A's in a 
bridge circuit will deliver 1.50 amperes at 47,600 volts to a choke-input filter 
with 53,000 volts single-phase supply. 

GENERAL CHARACTERISTICS 
ELECTRICAL 

Filament: Thoriated Tungsten 
Voltage 
Current 

MECHANICAL 
Base - 
Basing 
Socket 
Mounting Position 
Cooling - 
Maximum Temperature of Plate Seal 
Recommended Heat Dissipating Plate Connector - 
Maximum Over-all Dimensions: 

Length 
Diameter 

Net Weight - - 
Shipping Weight (approx.) 

MAXIMUM RATINGS (Per tube) 
PEAK INVERSE PLATE VOLTAGE - 
PLATE DISSIPATION - - 
D-C PLATE CURRENT' - 
PEAK PLATE CURRENT - 

• 

- 10.0 volts 
- 25.0 amperes 

2-2000A 
HIGH-VACUUM 

RECTIFIER 

- - Special 4-pin 
Refer to outline drawing 

Refer to discussion under "Application" 
Vertical, base down or up 

Forced air, convection, and radiation 
225°C 

- Eimac HR-8 

75,000 MAX. VOLTS 
1200 MAX. WATTS 
750 MAX. MA 
12 MAX. AMPERES 

17.8 inches 
8.13 inches 
3 pounds 

13 pounds 

'Averaged over one cycle for each tube. Applies only when the rectifier is coupled to the load by a choke-input filter incorporating the "critical" 
value (or larger) of input inductance. For maximum d-c current ratings u nder this and other load conditions see discussion under "Application". 

APPLICATION 
MECHANICAL 

Mounting—The 2-2000A must be mounted vertically with the 
base either down or up. The lead to the plate terminal of the 
tube should be flexible. 

The special 4-pin base fits an E. F. Johnson Co. No. 124-
214 or an equivalent socket. In some circuits, particularly those 
of the voltage multipliers illustrated in Fig. 2, it may be neces-
sary to mount the socket on stand-off insulators, or on a sheet 
of insulating material, to provide adequate insulation to ground. 

(Effective 7-1-52) Copyright 1952 by Eitel-McCullough, Inc. 

Cooling—The 2-2000A is cooled by forced air, convection, and 
radiation. Forced air is required for cooling of the filament 
seals. If an E. F. Johnson Co. No. 124-214 socket is used, air at 
a static pressure of 4 inches of water measured at the inlet of 
the 1/4 -inch cooling tube in the socket will provide sufficient 
base cooling. The base of the tube is provided with a I-inch 
diameter hole. If a socket is used with a I-inch diameter match-
ing hole and the manifold is of the same diameter, a static 
pressure of less than 0.1 inch of water will be required. Clear-
ance should be provided around the glass envelope adequate 



APPLICATION (Continued) 

for the free circulation of air. An Eimac HR-8 heat Dissipating 
Connector or equivalent is required on the plate terminal. 

The maximum temperature at the plate seal must not ex-
ceed 225°C. A convenient accessory for measuring this tem-
perature is "Tempilaq", a temperature-sensitive lacquer avail-
able from the Tempil Corporation, 132 W. 22nd St, New York 
II, N. Y. 

ELECTRICAL 
Filament Operation—For maximum tube life, the filament volt-
tage, as measured at the base pins, should be the rated value 
of 10.0 volts. Variations must be kept within the range from 
9.5 to 10.5 volts. In applications which require the diode to 
deliver high peak currents, it is important to maintain the fila-
ment voltage at the rated value. All four socket terminals should 
be used, putting two in parallel for each filament connection. 

CAUTION SHOULD BE OBSERVED WHEN MEASURING 
RECTIFIER FILAMENT VOLTAGE. THE FILAMENT CIR-
CUIT MAY BE AT HIGH POTENTIAL. 

The thoriated-tungsten filament of the 2-2000A reaches 
operating temperature in a fraction of a second after applica-
tion of voltage. Plate voltage may be applied simultaneously 
with filament voltage. 

Plate Operation—The plate of the 2-2000A operates at dull red 
color at the maximum plate dissipation rating of 1200 watts. 
The maximum peak inverse voltage rating of 75,000 volts should 
not be exceeded at any time. 

Performance—The accompanying table shows some maximum 
performance capabilities of the 2-2000A when used as a power-
supply rectifier. 

2-2000A MAXIMUM-PERFORMANCE CAPABILITIES 
Capacitor-Input Filter Choke-Input Filter 

A-C Input D-C Output D-C Output D-C Output D-C Output 
Voltage Voltage Current Voltage Current 

(volts rms) (volts) (amperes) (volts) (amperes) 
Circuit 
Typo 
Single-
Phase, 
Half-
Wave 
Single-
Phase, 
Full-
Wave 
Single-
Phase, 
Bridge 
'One-half the transformer secondary voltage. 

26,500 31,500 0.600 

26,500' 31,500 1.20 23,800 1.50 

53,000 63,000 1.20 47,600 1.50 

Maximum D-C Current Ratings—Plate dissipation rather than 
peak current usually limits the d-c current which the 2-2000A is 
capable of delivering to the load. Because the plate dissipation 
associated with a given d-c current depends upon the amount 
of ripple and its wave-shape, circuit conditions will determine 
the maximum d-c current rating of the tube. 

Choke-Input Filter—The maximum d-c current rating of the 
2-2000A is 750 milliamperes when the load incorporates a choke-
input filter with the "critical" value (or larger) of input induc-
tance (L 1 in Fig. I): 

Lo= lief-18.8i for full-wave single-phase rectifiers, 

Lo= hit for half-wave three-phase rectifiers, 
75f 

Lo= lei for full-wave three-phase rectifiers, 
660f 

where: Lo= "critical" value of input inductance (henries), 
f = supply-line frequency (cycles per second), 

R — Load voltage (volts) 
aft   Load current (amps) • 

Choke-input filters are not normally used with single-phase 
half-wave rectifiers. 

Capacitor-Input Filter—The 2-2000A is particularly suitable for 
power-supply applications demanding high voltage at low cur-

rent. Under these conditions capacitor-input filter circuits be-
come desirable. The maximum d-c current rating of the 2-2000A 
when no input choke is incorporated in tile filter depends upon 
the total series resistance of the capacitor-charging circuit rela-
tive to the effective load resistance seen by each tube. The 
circuit diagrams and tabulation in Fig. 2 are so arranged and 
labeled that this required series resistance may be found for a 
wide range of load conditions. This may be done by deter-
mining the value of the following quantities: 

E, is the filter-input d-c voltage. While this is usually the 
entire load voltage, in the case of voltage multipliers it is the 
load voltage divided by the multiplication factor. 

I p is th d-c current per tube. This is the entire load current 
only in the case of the simple half-wave rectifier or half- or 
full-wave multiplier. In the case of full-wave center-tapped or 
bridge rectifiers, 1p is half the load current. 

R, is the total charging-circuit resistance. A certain mini-
mum value of charging-circuit resistance is necessary to limit 
the peak value of current to which the tubes will be subjected 
under given load conditions. This required minimum depends 
upon the d-c current per tube (1 p ), and has been tabulated in 
Fig. 2 as a percentage of the effective load resistance per tube 
(E,/1 p). The total charging-circuit resistance involves the in-
ternal resistance of the rectifier tube, Rp, the added series 
resistor, Rs, and the equivalent internal resistance of the a-c 
voltage supply, Ri. 

Rp is the plate resistance of the 2-2000A, which may be 
taken as 400 ohms. 

Ri is the equivalent internal resistance of the supply. This 
may be taken as the regulation of the high-voltage supply ex-
pressed as a decimal multiplied by the load resistance used in 
measuring this regulation. 

R, is the series resistor which must be inserted in the 
charging circuit to bring the total charging-circuit resistance up 
to the required minimum. Its value may be found from the 
formula associated with each of the circuits of Fig. 2. This resis-
tor must be inserted in such a position in the circuit that it 
protects all tubes. 

Tubes may be operated in parallel to increase the output 
capability in a given circuit. When two tubes are placed in 
parallel at each place where one is shown in the circuits of 
Fig. 2, the plate resistance (Ro) will be half as great and the 
maximum allowable load current twice as great as indicate-d. 

Peak Inverse Voltage—The peak inverse voltage: rating of the 
2-2000A is 75,000 volts. In single-phase power supply rectifier 
circuits the peak inverse voltage to be used in design is the 
peak a-c supply voltage (1.41 times E, in Fig. 2) in the case 
of bridge circuits, and twice this value in the case of half- and 
full-wave rectifiers and voltage multipliers. Peak inverse voltage 
in three-phase operation depends upon the circuit employed, 
and will be found listed in the handbooks. 

Special Applications— The ratings given for capacitor-input 
filter circuits assume values of input capacitance large enough 
to hold the ripple to a low value. In special applications where 
a larger percent ripple is tolerable, and filter capacitance is 
low, the 2-2000A is capable of larger d-c output currents. 

As a unidirectional conductor in d-c circuits where the 
current is continuous and the percent ripple is moderate, the 
maximum current rating of the 2-2000A is 1500 milliamperes. 

The plate characteristic curve for the 2-2000A serves as a 

guide to special applications. The maximum plate dissipation 
rating of 1200 watts, the maximum peak inverse voltage rating 
of 75,000 volts, and the maximum peak plate current of 12 
amperes must not be exceeded. 



Fig. I. Rectifier with Choke-Input Filter 

a. Full-Wave Center-Tapped Rectifier 

c. Half-Wave Rectifier 

e. Half-Wave Voltage Multiplier (with common 
ground when Rs is inserted on the "high" 

side of Ems) 

b. Full-Wave Bridge Rectifier 

d. Half-Wave Voltage Doubler 

f. Full-Wave Voltage Multiplier 

Eimac 2-2000A Maximum D-C Current Ratings for R-C Filter Applications 

D-C Plate Current (Ir) 550 600 650 700 750 milliamperes per tube 

Total Charging-
Circuit Resistance (R e) 1.1 2.1 3.8 7.0 13 

percent of Effective 
Load Resistance per 
Tube (Ecil p) 

A-C Supply Voltage 
( E rrns) 

0.80 0.84 0.90 1.00 1.16 times Filter-Input 
D-C Voltage (Ea) 

Peak Inverse Voltage 
(1/2 these values for circuit b.) 2.3 2.4 2.6 2.8 3.3 times Filter-Input 

D-C Voltage (Ea) 

Fig. 2 Eimac 2-2000A basic R-C Circuits (for any one of the indicated loads) 
Ri =Equivalent resistance of voltage source 
R400 ohms (200 ohms for two tubes in parallel) 
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EITE L-Mc CUL LO U G k, INC. 
SAN BRUNO, CALIFORNIA 

The Eimac 250R is a high-vacuum diode rectifier intended for use in recti-
fier units, voltage multipliers, or in special applications, whenever conditions of 
extreme ambient temperatures, high operating frequency, high peak inverse 
voltages, or the production of high-frequency transients would prevent the use 
of gas-filled rectifier tubes. 

The 250R has a maximum d-c current rating of 250 milliamperes and a 
maximum peak inverse voltage rating of 60,000 volts. Cooling is by convection 
and radiation. 

A single 250R will deliver 160 milliamperes at 24,000 volts to a capacitor-
input filter with 21,000 volts single-phase supply. Four 25OR's in a bridge cir-
cuit will deliver 500 milliamperes at 38,000 volts to a choke-input filter with 
42,000 volts single-phase supply. 

GENERAL CHARACTERISTICS 
ELECTRICAL 

Filament: Thoriated Tungsten 
Voltage - - 
Current 

MECHANICAL 
Base 
Basing 
Socket 
Mounting Position 
Cooling - 
Maximum Temperature of Plate Seal 
Recommended Heat Dissipating Plate Connector - 
Maximum Over-all Dimensions: 

Length 
Diameter 

Net Weight - 
Shipping Weight (approx.) 

MAXIMUM RATINGS (Per tube) 
PEAK INVERSE PLATE VOLTAGE 
PLATE DISSIPATION - 
D-C PLATE CURRENT' - 
PEAK PLATE CURRENT 

- 5.0 volts 
- 10.5 amperes 

HIGH-VACUUM 

RECTIFIER 

50-watt jumbo 4-pin bayonet 
Refer to outline drawing 

Refer to discussion under "Application" 
Vertical, base down or up 
Convection and Radiation 

225°C 
- Eimac HR-6 

10.13 inches 
3.82 inches 

10 ounces 
3 pounds 

60,000 MAX. VOLTS 
150 MAX. WATTS 
250 MAX. MA 
2.5 MAX. AMPERES 

'Averaged over one cycle for each tube. Applies only when the rectifier is coupled to the load by a choke-input filter incorporating the "critical" 
value (or larger) of input inductance. For maximum d-c current ratings under this and other load conditions see discussion under "Application". 

APPLICATION 
MECHANICAL 

Mounting—The 250R must be mounted vertically with the base 
either down or up. The lead to the plate terminal of the tube 
should be flexible. 

The 50-watt jumbo 4-pin bayonet base fits an E. F. Johnson 
Co. No. 123-211, a National Co. No. XM-50, or an equivalent 
socket. In some circuits, particularly those of the voltage multi-
pliers illustrated in Fig. 2, it may be necessary to mount the 

(Effective 7-1-52) Copyright 1952 by Eitel-McCullough, Inc. 

socket on stand-off insulators, or on a sheet of insulating ma-
terial, to provide adequate insulation to ground. 

Cooling—The 250R is cooled by convection and radiation. 
Clearance should be provided around the glass envelope ade-
quate for the free circulation of air. An Eimac HR-6 Heat 
Dissipating Connector or equivalent is required on the plate 
terminal. 

The maximum temperature at the plate seal must not exceed 



APPLICATION (Continued) 

225°C. A convenient accessory for measuring this temperature 
is "Tempilaq", a temperature-sensitive lacquer available from 
the Tempil Corporation, 132 W. 22nd St., New York 11, N. Y. 

ELECTRICAL 
Filament Operation—For maximum tube life, the filament volt-
age, as measured at the base pins, should be the rated value 
of 5.0 volts. Variations must be kept within the range from 
4.75 to 5.25 volts. In applications which require the diode to 
deliver high peak currents, it is important to maintain the fila-
ment voltage at the rated value. 

CAUTION SHOULD BE OBSERVED WHEN MEASURING 
RECTIFIER FILAMENT VOLTAGE. THE FILAMENT CIR-
CUIT MAY BE AT HIGH POTENTIAL. 

The thoriated-tungsten filament of the 250R reaches op-
erating temperature in a fraction of a second after application 
of voltage. Plate voltage may be applied simultaneously with 
filament voltage. 

Plate Operation—With low room illumination, the plate of the 
250R begins to show color as the maximum plate dissipation 
rating of 150 watts is approached. The maximum peak inverse 
voltage rating of 60,000 volts should not be exceeded at any 
time. 

Performance—The accompanying table shows some maximum 
performance capabilities of the 250R when used as a power. 
supply rectifier. 

Circuit 
Type 
Single. 
Phase, 
Half-
Wave 

Single-
Phase, 
Full-
Wave 
Single. 
Phase, 42,000 48,000 320 38,000 500 
Bridge 
'One-half the transformer secondary voltage. 

250R MAXIMUM-PERFORMANCE CAPABILITIES 

Capacitor-Input Filter Choke-Input Filter 
A-C Input D-C Output D-C Output D-C Output D-C Output 
Voltage Voltage Current Voltage Current 

(volts rms) (volts) (ma) (volts) (ma) 

21,000 24,000 160 

21,000' 24,000 320 19,000 500 

Maximum D-C Current Ratings—Plate dissipation rather than 
peak current usually limits the d-c current which the 250R is 
capable of delivering to the load. Because the plate dissipation 
associated with a given d-c current depends upon the amount 
of ripple and its wave-shape, circuit conditions will determine 
the maximum d-c current rating of the tube. 

Choke-Input Filter—The maximum d-c current rating of the 250R 
is 250 milliamperes when the load incorporates a choke-input 
filter with the "critical" value (or larger) of input inductance 
(L 1 in Fig. 1): 

Lo= 
I8.8f 

L = 
° 75f 

L =le-
° 660f 

where: L0= "critical" value of input inductance (henries), 
f = supply-line frequency (cycles per second), 

Rff — Load voltage (volts) 
e  Load current (amps) 

Choke-input filters are not normally used with single-phase half-
wave rectifiers. 

Capacitor-Input Filter—The 250R is particularly suitable for 
power-supply applications demanding high voltage at low cur-
rent. Under these conditions capacitor-input filter circuits be-

for full-wave single-phase rectifiers, 

for half-wave three-phase rectifiers, 

for full-wave three-phase rectifiers, 

come desirable. The maximum d-e current rating of the 250R 
when no input choke is incorporated in the filter depends upon 
the total series resistance of the capaci4or-charging circuit rela-
tive to the effective load resistance seen by each tube. The 
circuit diagrams and tabulation in Fig. 2 are so arranged and 

labeled that this required series resistance may be found for a 
wide range of load conditions. This may be done by determin-
ing the value of the following quantities: 

Eo is the filter-input d-c voltage. While this is usually the 
entire load voltage, in the case of voltage multipliers it is the 
load voltage divided by the multiplication factor. 

I p is the d-c current per tube. This is the entire load cur-
rent only in the case of the simple half-wave rectifier or half-
or full-wave multiplier. In the case of full-wave center-tapped or 
bridge rectifiers, 1 p is half the load current. 

It c is the total charging-circuit resistance. A certain mini-
mum value of charging-circuit resistance is necessary to limit 
the peak value of current to which the tubes will be subjected 
under given load conditions. This required minimum depends 
upon the d-c current per tube (I p), and has been tabulated in 
Fig. 2 as a percentage of the effective load resistance per tube 
(Ec/I p). The total charging-circuit resistance involves the in-
ternal resistance of the rectifier tube, Rp, the added series 
resistor, Rs, and the equivalent internal resistance of the a-c 
voltage supply, Ri. 

Rp is the plate resistance of the 250R, which may be taken 
as 750 ohms. 

Ri is the equivalent internal resistance of .the supply. This 
may be taken as the regulation of the high-voltage supply ex-
perssed as a decimal multiplied by the load resistance used in 
measuring this regulation. 

Rs is the series resistor which must be inserted in the 
charging circuit to bring the total charging-circuit resistance up 
to the required minimum. Its value may be found from the for-
mula associated with each of the circuits of Fig. 2. This resistor 
must be inserted in such a position in the circuit that it pro-
tects all tubes. 

Tubes may be operated in parallel to increase the output 
capability in a given circuit. When two tubes are placed in 
parallel at each place where one is shown in the circuits of 
Fig. 2, the plate resistance (14) will be half as great and the 
maximum allowable load current twice as great as indicated. 

Peak Inverse Voltage—The peak inverse voltage rating of the 
250R is 60,000 volts. In single-phase power-supply rectifier cir-
cuits the peak inverse voltage to be used in design is the peak 
a-c supply voltage (1.41 times E rms in Fig. 2) in the case of 
bridge circuits, and twice this value in the case of half- and 
full-wave rectifiers and voltage multipliers. Peak inverse voltage 
in three-phase operation depends upen the circuit employed, 
and will be found listed in the handbooks. 

Special Applications—The ratings given for capacitor-input 
filter circuits assume values of input capacitance large enough 
to hold the ripple to a low value. In special applications where 
a larger percent ripple is tolerable, and filter capacitance is 
low, the 250R is capable of larger d-c output currents. 

As a unidirectional conductor in d-c circuits where the 
current is continuous and the percent ripple is moderate, the 
maximum current rating of the 250R is 400 milliamperes. 

The plate characteristic curve for the 250R serves as a 
guide to special applications. The maximum plate dissipation 
rating of 150 watts, the maximum peak inverse voltage rating 

of 60,000 volts, and the maximum peak plate current of 2.5 
amperes must not be exceeded. 



Fig. I. Rectifier with Choke-Input Filter 

a. Full-Wave Center-Tapped Rectifier 

c. Half-Wave Rectifier 

e. Half-Wave Voltage Multiplier (with common 
ground when R, is inserted on the "high" 

side of Errns) 

b. Full-Wave Bridge Rectifier 

d. Half-We've Voltage Doubler 

f. Full-Wave Voltage Multiplier 

Eimac 250R Maximum D C Current Ratings for R-C Filter Applications 

D-C Plate Current (Ip) 140 150 160 170 180 190 200 milliamperes per tube 

Total Charging- 
Circuit Resistance (R e) 1.2 1.9 3.0 4.8 7.6 12 19 

percent of Effective 
Load Resistance per 
Tube (E c/I p) 

A-C Supply Voltage 
(Erms) 

0.80 0.83 0.87 0.93 1.01 1.14 1.33 times Filter-Input 
D-C Voltage (E a) 

Peak Inverse Voltage 
(1/2 these values for circuit b.) 

2.3 2.4 2.5 2.7 2.9 3.2 3.7 times Filter-Input 
D-C Voltage (Ea) 

Fig. 2 Eimac 250R Basic R C Circifts (for any one of the indicated loads) 
R =Equivalent resistance of voltage source 
Rp= 750 ohms (375 ohms for two tubes in parallel) 



PL
AT
E 
C
U
R
R
E
N
T
-
-
A
M
P
E
R
E
S
 25 

20 

15 

10 

05 

o 

EIMAC 250R 
PLATE CHARACTERISTIC 

250 500 750 1000 1250 1500 

PLATE VOLTAGE--VOLTS 

1750 2000 

Printed in U.S.A. I-F1-59695 



4le 
EITEL-McCULLOUGH INC. 

SAN ORUNO, CALIFORNIA 

The Eimac 253 is a high-vacuum diode rectifier intended for use in 
rectifier units, voltage multipliers, or in special applications, whenever condi-
tions of extreme ambient temperatures, high operating frequency, high peak 
inverse voltages, or the production of high-frequency transients would prevent 
the use of gas-filled rectifier tubes. 

The 253 has a maximum d-c current rating of 350 milliamperes and a 
maximum peak inverse voltage rating of 15,000 volts. Cooling is by convection 
and radiation. 

A single 253 will deliver 210 milliamperes at 5640 volts to a capacitor-
input filter with 5300 volts single-phase supply. Four 253's in a bridge circuit 
will deliver 700 milliamperes at 9500 volts to a choke-input filter with 10,600 
volts single-phase supply. 

GENERAL CHARACTERISTICS 
ELECTRICAL 

Filament: Thoriated Tungsten 
Voltage 
Current 

MECHANICAL 
Base 
Basing 
Socket 
Mounting Position 
Cooling - 
Maximum Temperature of Plate Seal - 
Recommended Heat Dissipating Plate Connector - 
Maximum Over-all Dimensions: 

Length 
Diameter 

Net Weight - 
Shipping Weight (approx.) 

MAXIMUM RATINGS (Per Tube) 
PEAK INVERSE PLATE VOLTAGE 
PLATE DISSIPATION - 
D-C PLATE CURRENT' - 
PEAK PLATE CURRENT 

- 5.0 volts 
- 10.0 amperes 

••• 

HIGH-VACUUM 

RECTIFIER 

50-watt jumbo 4-pin bayonet 
Refer to outline drawing 

Refer to discussion under "Application" 
Vertical, base down or up 
Convection and Radiation 

- 225°C 
Eimac HR-8 

15,000 MAX. VOLTS 
100 MAX. WATTS 
350 MAX. MA 
2.5 MAX. AMPERES 

8.75 inches 
2.50 inches 
7 ounces 
1 pound 

'Averaged over one cycle for each tube. Applies only when the rectifier is coupled to the load by a choke-input filter incorporating the "critical" 
value (or larger) of input inductance. For maximum d-c current ratings under this and other load conditions see discussion under "Application". 

APPLICATION 
MECHANICAL 

Mounting—The 253 must be mounted vertically with the base 
either down or up. The lead to the plate terminal of the tube 
should be flexible. 

The 50-watt jumbo 4-pin bayonet base fits an E. F. Johnson 
Co. No. 123-211, a National Co. No. XM-50, or an equivalent 
socket. In some circuits, particularly those of the voltage multi-
pliers illustrated in Fig. 2, it may be necessary to mount the 

socket on stand-off insulators, or on a sheet of insulating ma-
terial, to provide adequate insulation to ground. 

Cooling—The 253 is cooled by convection and radiation. Clear-
ance should be provided around the glass envelope adequate 
for the free circulation of air. An Eimac HR-8 Heat Dissipating 
Connector or equivalent is required on the plate terminal. 

The maximum temperature at the plate seal must not ex-
ceed 225°C. A convenient accessory for measuring this tom-

(Effective 7-1-52) Copyright 1952 by Eitel-McCullough, Inc. 



APPLICATION (Continued) 

perature is "Tempilaq", a temperature-sensitive lacquer avail-
able from the Tempil Corporation, 132 W. 22nd Street, New 
York I I, N. Y. 

ELECTRICAL 
Filament Operation—For maximum tube life, the filament volt-
age, as measured at the base pins, should be the rated value of 
5.0 volts. Variations must be kept within the rang• from 4.75 to 
5.25 volts. In applications which require th• diode to deliver 
high peak currents, it is important to maintain the filament volt-
age at the rated value. 

CAUTION SHOULD BE OBSERVED WHEN MEASURING 
RECTIFIER FILAMENT VOLTAGE. THE FILAMENT CIR-
CUIT MAY BE AT HIGH POTENTIAL. 

The thoriated-tungsten filament of the 253 reaches operat-
ing temperature in a fraction of a second after application of 
voltage. Plate voltage may be applied simultaneously with fila-
ment voltage. 

Plate Operation—With low room illumination, the plate of tfie 

253 begins to show color as the maximum plate dissipation 
rating of 100 watts is approached. The maximum peak inverse 
voltage rating of 15,000 volts should not be exceeded at any 
time. 

Performance—The accompanying table shows some maximum 
performance capabilities of the 253 when used as a power-
supply rectifier. 

253 MAXIMUM-PERFORMANCE CAPABILITIES 
Capacitor-Input Filter Choke-Input Filter 

A-C Input D-C Output D-C Output D-C Output D-C Output 
Voltage Voltage Current Voltage Current 

(volts rms) (volts) (ma) (volts) (ma) 
Circuit 
Type 
Single-
Phase, 
Half-
Wave 
Single-
Phase, 
Full-
Wave 
Single-
Phase, 10,600 
Bridge 
'One-half the transformer secondary voltage. 

5300 5640 210 

5300' 5640 420 4750 700 

11,280 420 9500 700 

Maximum D-C Current Ratings—Plate dissipation rather than 
peak current usually limits the d-c current which the 253 is 
capable of delivering to the load. Because the plate dissipation 
associated with a given d-c current depends upon the amount 
of ripple and its wave-shape, circuit conditions will determine 

the maximum d-c current rating of the tube. 

Choke-Input Filter—The maximum d-c current rating of the 253 
is 350 milliamperes when the load incorporates a choke-input 

filter with the "critical" value (or larger) of input inductance 

(L 1 in Fig. I): 

R ff 
Lo = 

I 8.8f 

L = Reif o 75f 

Le=Lfi-
660f 

where: Lo= "critical" value of input inductance (henries), 

ff 

f supply-line frequency (cycles per second), 

R Load voltage (volts) e . 
— Load current (amps) 

Choke-input filters are not normally used with single-phase 
half-wave rectifiers. 

Capacitor-Input Filter— The 253 is particularly suitable for 
power-supply applications demanding high voltage at low cur-
rent. Under these conditions capacitor-input filter circuits be-

for full-wave single-phase rectifiers, 

for half-wave three-phase rectifiers, 

for full-wave three-phase rectifiers, 

come desirable. The maximum d-c current rating of the 253 when 
no input choke is incorporated in the filter depends upon the 
total series resistance of the capacitor-èharging circuit relative 
to the effective load resistance seen by each tube. The circuit 
diagrams and tabulation in Fig.2 are so arranged and labeled 
that this required series resistance may be found for a wide 
range of load conditions. This may be done by determining the 
value of the following quantities: 

Ec is the filter-input d-c voltage. While this is usually the 
entire load voltage, in the case of voltage multipliers it is the 
load voltage divided by the multiplication factor. 

p is the d-c current per tube. This is the entire load cur-
rent only in the case of the simple half-wave rectifier or half-
or full-wave multiplier. In the case of full-wave center-tapped 
or bridge rectifiers, ip is half the load current. 

R, is the total charging-circuit resistance. A certain mini-
mum value of charging-circuit resistance is necessary to limit 
the peak value of current te which the tubes will be subjected 
under given load conditions. This required minimum depends 
upon the d-e current per tube (Ip), and has been tabulated in 
Fig. 2 as a percentage of the effective load resistance per 
tube ( Ec/ I p). The total charging-circuit resistance involves the 
internal resistance of the rectifier tube. Rp, the added series 
resistor, Rs, and the equivalent internal resistance of the a-c 
voltage supply, R. 

Rp is the plate resistance of the 253, which may be taken 
as 300 ohms. 

Ri is the equivalent internal resistance of the supply. This 
may be taken as the regulation of the high-voltage supply ex-
pressed as a decimal multiplied by the load resistance used in 
measuring this regulation. 

Rs is the series resistor which mut be inserted in the 
charging circuit to bring the total charging-circuit resistance up 

to the required minimum. Its value may be found from the 
formula associated with each of the circuits of Fig. 2. This 
resistor must be inserted in such a position in the circuit that 
it protects all tubes. 

Tubes may be operated in parallel to increase the output 
capability in a given circuit. When two tubes are placed in 
parallel at each place where one is shown in the circuits of Fig. 
2, the plate resistance (12,p) will be half as great and the maxi-
mum allowable load current twice as great as indicated. 

Peak Inverse Voltage— The peak inverse voltage rating of the 
253 is 15,000 volts. In single-phase power-supply rectifier circuits 
the peak inverse voltage to be used in design is the peak a-c 
supply voltage (1.41 times Erns in Fig. 2) in the case of bridge 
circuits, and twice this value in the case of half- and full-wave 
rectifiers and voltage multipliers. Peak inverse voltage in three-
phase operation depends upon the circuit employed, and will 
be found listed in the handbooks. 

Special Applications—The ratings given for capacitor-input filter 
circuits assume values of input capacitance large enough to hold 
the ripple to a low value. In special applications where a larger 
percent ripple is tolerable, and filter capacitance is low, the 
253 is capable of larger d-c output currents. 

As a unidirectional conductor in d-c circuits where the 
current is continuous and the percent ripple is moderate, the 
maximum current rating of the 253 is 500 milliamperes. 

The plate characteristic curve for the 253 serves as a guide 
to special applications. The maximum plate dissipation rating of 
100 watts, the maximum peak inverse voltage rating of 15,000 
volts, and the maximum peak plate current of 2.5 amperes must 
not be exceeded. 



Fig. I. Rectifier with Choke-Input Filter 

a. Full-Wave Center-Tapped Rectifier 

c. Half-Wave Rectifier 

e. Half-Wave Voltage Multiplier (with common 
ground when Rs is inserted on the "high" 

side of Er") 

b. Full-Wave Bridge Rectifier 

d. Half-Wale Voltage Doubler 

f. Full-Wave Voltage Multiplier 

Eimac 253 Maximum D-C Current Ratings for R-C Filter Applications 

D-C Plate Current (lo) 170 190 210 230 250 milliamperes per tube 

Total Charging-
Circuit Resistance (Re) 

1.1 2.3 5.0 10 27 
percent of Effective 
Load Resistance per 
Tube (Ec/I p) 

A-C Supply Voltage 
(Emu) 

0.80 0.85 0.94 1.08 1.50 times Filter-Input 
D-C Voltage (Ec) 

Peak Inverse Voltage 
(1/2 these values for circuit b.) 2.3 2.4 2.7 

, 
3.1 4.3 times Filter-Input 

D-C Voltage (Ec) 

Fig. 2 Eimac 253 Basic R-C Circuits (for any one of the indicated loads) 

Ri =Equivalent resistance of voltage source 
Rp=300 ohms (150 ohms for two tubes in parallel) 
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8020 
„... 

E IT E L-Mc CUL LO U G k, I Nc. 
SAN BRUNO, CALIFORNIA 

- The Eimac 8020(100R) diode is a high-vacuum rectifier intended for use 
in rectifier units, voltage multipliers, or in special applications, whenever con-
ditions of extreme ambient temperatures, high operating frequency, high peak-
inverse voltages, or the production of high-frequency transients would prevent 
the use of gas-filled rectifier tubes. 

The 8020 has a maximum d-c current rating of 100 milliamperes and a 
maximum peak-inverse voltage rating of 40,000 volts. Cooling is by convection 
and radiation. 

A single 8020 will deliver 80 milliamperes at 17,000 volts to a capacitor-
input filter with 14,000 volts single-phase supply. Four 8020's in a bridge circuit 
will deliver 200 milliamperes at 25,000 volts to a choke-input filter with 28,000 
volts single-phase supply. 

GENERAL CHARACTERISTICS 
ELECTRICAL 

Filament: Thoriated Tungsten 
Voltage 
Current 

MECHANICAL 
Base 
Basing 
Socket 
Mounting Position 
Cooling - 
Maximum Temperature of Plate Seal 
Recommended Heat Dissipating Plate Connector - 
Maximum Overall Dimensions: 

Length 
Diameter 

Net Weight - 
Shipping Weight (approx.) 

MAXIMUM RATINGS (Per tube) 
PEAK-INVERSE PLATE VOLTAGE 
PLATE DISSIPATION - 
D-C PLATE CURRENT' - 
PEAK PLATE CURRENT - 

5.0 volts 
6.5 amperes 

HIGH-VACUUM 

RECTIFIER 

- Medium 4-pin bayonet 
Refer to outline drawing 

Refer to discussion under "Application" 
Vertical, base down or up 
Convection and radiation 

- 225°C 
- Eimac HR-8 

- 8.00 
- 2.32 
- 4 
- I 

40,000 MAX. VOLTS 
60 MAX. WATTS 
100 MAX. MA 
1.5 MAX. AMPERE 

inches 
inches 
ounces 
pound 

'Averaged over one cycle for each tube. Applies only when the rectifier is coupled to the load by a choke-input filter incorporating the "critical" 
value (or larger) of input inductance. For maximum d-c current ratings under this and other load conditions see discussion under "Application". 

APPLICATION 
MECHANICAL 

Mounting—The 8020 must be mounted vertically with 
the base either down or up. The lead to the plate 
terminal of the tube should be flexible. 

The medium 4-pin bayonet base fits an E. F. Johnson 
Co. No. 122-224, a National Co. No..XC-4 or CIR-4, or an 
equivalent socket. In some circuits, particularly those of 

the voltage multipliers illustrated in Fig. 2, it may be 
necessary to mount the socket on stand-off insulators, or 
on a sheet of insulating material, to provide adequate 
insulation to ground. 

Cooling—The 8020 is cooled by convection and radiation. 
Clearance should be provided around the glass envelope 
adequate for the free circulation of air. An Eimac HR-8 

(Effective 2-1-52) Copyright 1952 by Eitel-McCullough, Inc. 



APPLICATION (Continued) 

Heat Dissipating Connector or equivalent is required on 
the plate terminal. 

The maximum temperature at the plate seal must not 
exceed 225°C. A convenient accessory for measuring this 
temperature is "Tempilaq", a temperature-sensitive lac-
quer available from the Tempil Corporation, 132 W. 22nd 
St., New York 11, N. Y. 

ELECTRICAL 

Filament Operation—For maximum tube life, the filament 
voltage, as measured at the base pins, should be the 
rated value of 5.0 volts. Variations must be kept within 
the range from 4.75 to 5.25 volts. In applications which 
require the diode to deliver high peak currents, it is im-
portant to maintain the filament voltage at the rated 
value. 

Caution should be observed when measuring 
rectifier filament voltage. The filament circuit may 
be at high potential. 

The thoriated-tungsten filament of the 8020 reaches 
operating temperature in a fraction of a second after 
application of voltage. Plate voltage may be applied 
simultaneously with filament voltage. 

Plate Operation—With low room illumination, the plate 
of the 8020 begins to show color as the maximum plate 
dissipation rating of 60 watts is approached. The maxi-
mum peak-inverse voltage rating of 40,000 volts should 
not be exceeded at any time. 

Performance—The accompanying table shows some maxi-
mum performance capabilities of the 8020 when used as 
a power-supply rectifier. 

8020 MAXIMUM PERFORMANCE CAPABILITIES 
Capacitor-Input Filter Choke—Input Filter 

Circuit A-C Input D-C Output D-C Output D-C Output D-C Output 
Type Voltage Voltage Current Voltage Current 

(volts rms) (volts) (ma) (volts) (ma) 
Single. 
Phase, 
Half. 
Wave 
Single-
Phase. 
Full-
Wave 
Single-
Phase, 28.000 34,000 160 25.000 200 
Bridge 
,One-half the transformer secondary voltage. 

Maximum D-C Current Ratings—Plate dissipation rather 
than peak current usually limits the d-c current which 
the 8020 is capable of delivering to the load. Because the 
plate dissipation associated with a given d-c current de-
pends upon the amount of ripple and its wave-shape, 
circuit conditions will determine the maximum d-c 
current rating of the tube. 

Choke Input Filter—The maximum d-c current rating of 
the 8020 is 100 milliamperes when the load incorporates 
a choke-input filter with the "critical" value (or larger) 
of input inductance (Li in Fig. 1): 

where: 

14.000 17.000 80 

14,000' 17.000 160 12,500 200 

L Reft „= 
18.8f 
It .ft 

L.= 
75f 
Reff 

L.= 
660f 

L.= "critical" value of input inductance (henries), 
f= supply-line frequency (cycles per second), 

Load voltage (volts) 
Et err = 

Load current (amps) 

Choke-input filters are not normally used with single-
phase half-wave rectifiers. 

Capacitor-Input Filter—The 8020 is particularly suitable 
for power-supply applications demanding high voltage at 
low current. Under these conditions capacitor-input filter 

for full-wave single-phase rectifiers, 

for half-wave three-phase rectifiers, 

for full-wave three-phase rectifiers, 

circuits become desirable. The maximum d-c current 
rating of the 8020 when no input choke is incorporated 
in the filter depends upon the totisl series resistance of 
the capacitor-charging circuit relative to the effective load 
resistance seen by each tube. The circuit diagrams and 
tabulation in Fig. 2 are so arranged and labeled that this 
required series resistance may be found for a wide range 
of load conditions. This may be done by determining the 
value of the following quantities: 

E. is the filter-input d-c voltage. While this is usually 
the entire load voltage, in the case of voltage multipliers 
it is the load voltage divided by the multiplication factor. 

Ip is the d-c current per tube. This is the entire load 
current only in the case of the simple half-wave rectifier 
or half- or full-wave multiplier. In the case of full-
wave center-tapped or bridge rectifiers, Ip is half the 
load current. 

R. is the total charging-circuit resistance. A certain 
minimum value of charging-circuit resistance is necessary 
to limit the peak value of current to which the tubes will 
be subjected under given load conditions. This required 
minimum depends upon the d-c current per tube (Ip), 
and has been tabulated in Fig. 2 as a percentage of the 

effective load resistance per tube ( ) • E,  The total charg-

ing circuit resistance involves the internal resistance of 
the rectifier tube, Rp, the added series resistor, R., and 
the equivalent internal resistance of the a-c voltage 
supply. 

Rp is the plate resistance of the 8020, which may be 
taken as 1000 ohms. 

11, is the equivalent internal resistance of the supply. 
This may be taken as the regulation of the high-voltage 
supply expressed as a decimal multiplied , by the load 
resistance used in measuring this regulation. 

R. is the series resistor which must be inserted in the 
charging circuit to bring the total charging-circuit re-
sistance up to the required minimum. Its value may be 
found from the formula associated with each of the cir-
cuits of Fig. 2. This resistor must be inserted in such a 
position in the circuit that it protects all tubes. 

Tubes may be operated in parallel to increase the 
output capability in a given circuit. When two tubes are 
placed in parallel at each place where one is shown in 
the circuits of Fig. 2, the plate resistance (Rn) will be 
half as great and the maximum allowable load current 
twice as great as indicated. 

Peak-Inverse Voltage—The peak-inverse voltage rating 
of the 8020 is 40,000 volts. In single-phase' power-supply 
rectifier circuits the peak-inverse voltage to be used in 
design is the peak a-c supply voltage (1.41 times Er.,. in 
Fig. 2) in the case of bridge circuits, and twice this value 
in the case of half- or full-wave rectifiers and voltage 
multipliers. Peak-inverse voltage in three-phase opera-
tion depends upon the circuit employed, and will be 
found listed in the handbooks. 
Special Applications—The ratings given for capacitor-
input filter circuits assume values of input capacitance 
large enough to hold the ripple to a low value. In special 
applications where a larger percent ripple is tolerable 
and filter capacitance is low, the 8020 is capable of larger 
d-c output currents. 

As a unidirectional conductor in d-c circuits where 
the current is continuous and the percent ripple is 
moderate, the maximum current rating of the 8020 is 200 
milliamperes. 

The plate characteristic curve for the 8020 serves as 
a guide to special applications. The maximum plate 
dissipation rating of 60 watts, the maximum peak-inverse 
voltage rating of 40,000 volts, and the maximum peak 
plate current of 1.5 ampere must not be exceeded. 



a. Full-Wave Center-Tapped Rectifier 

c. Half-Wave Rectifier 

e. Half-Wave Voltage Multiplier (with common 
ground when R. is inserted on the "high" 

side of 

Fig. I. Rectifier with Choke-Input Filter 

b. Full-Wave Bridge Rectifier 

d. Half-Wave' Voltage Doubler 

f. Full-Wave Voltage Multiplier 

Eimac 8020 Maximum D-C Current Ratings for R-C Filter Applications 

D-C Plate Current (1,) 70 75 80 85 90 95 100 milliamperes per tube 

Total Charging- 
Circuit Resistance (R.) 

0.8 1.2 1.8 3.0 4.7 7.6 12 
percent of Effective 
Load Resistance per 
Tube (Ee) 

lip) 

A-C Supply Voltage 
(Ern's) 

0.78 0.80 0.83 0.87 0.92 1.01 1.14 times Filter Input 
D-C Voltage (Ee) 

Peak-Inverse Voltage 2.2 2.3 2.4 2.5 2.6 2.9 3.2 times Filter Input 
D-C Voltage (Ee) 

Fig. 2. Eimac 8020 Basic R-C Circuits (for any one of the indicated loads) 
Rf= Equivalent resistance of voltage source 
12,-= 1000 ohms (500 ohms for two tubes in parallel) 
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KY21111 

El TEL-McCULLOUGH, INC. 
SAN BRUNO, CALIFORNIA 

GRID-CONTROLLED 

MERCURY 

VAPOR 

RECTIFIER 

The Eimac KY2 1 A is a grid-controlled mercury vapor rectifier. A pair of 
KY21A's in a conventional single phase full wave circuit will supply a d-c power 
output of 5 kilowatts (3500 volts at 1.5 amperes) with a choke input filter. 

GENERAL CHARACTERISTICS 
ELECTRICAL 

Filament: Coated 
Voltage - 2.5 volts 
Current - - 10 amperes 

Filament Heating Time (minimum) 30 seconds 
Tube Voltage Drop (average) - _ 15 volts 
Ionization Time (approximately) I 0 µseconds 
Deionization Time (approximately) 1000 lseconds 

MECHANICAL 
Base* - _ - Medium, 5 Pin 
Basing - - .. - See Outline Drawing 
Maximum Overall Dimensions 

Length - - 8.0 inches 
Diameter 2.25 inches 

Net Weight - - - 5 ounces 
Shipping Weight - - 1 pound 

MAXIMUM RATINGS (single tube) 
Peak Inverse Anode Voltage - - 11,000 max. volts 
Peak Forward Anode Voltage _ 5,500 max. volts 
Peak Anode Current - - - 3 max. amperes 
Average Anode Current - - .75 max. amperes 
Supply Frequency - - - - - 150 max. C.P.S. 
Temperature Limits, Condensed Mercury - 20° to 60° Centigrade 

65° to 140° Fahrenheit 
•In order to carry the ten amperes of filament current the adjacent pins have been connected in parallel within the base. Similar connections should 
be made on the socket. 

APPLICATION 
MECHANICAL 
Mounting—The KY2 I A must be mounted vertically, base down. 
Cooling—Since the cooling of the KY2 I A is accomplished by radiation and convection, provision should 
be made for adequate air circulation around the tube. The temperature of the condensed mercury with-
in the KY2 IA should be maintained at 40 degrees plus or minus 5 degrees Centigrade for best perform-
ance. To measure the condensed mercury temperature a thermocouple or small thermometer may be at-
tached to the envelope in the area designated on the outline drawing, using a very small amount of putty. 
ELECTRICAL 
CAUTION SHOULD BE OBSERVED IN MEASURING THE FILAMENT VOLTAGE, AS THE FILAMENT CIR-
CUIT MAY BE AT A HIGH D-C POTENTIAL. 
Filament Voltage—For maximum tube life the filament voltage, as measured directly at the filament pins, 
should be held at the rated value of 2.5 volts. Variations in filament voltage must be kept within the range 
of 2.4 to 2.6 volts. The filament of the KY2 1 A should be allowed to reach operating temperature before 
the plate voltage is applied. Under normal conditions, a delay of approximately 30 seconds will be re-
quired. Under conditions where the tube is to be operated in extremely cold or extremely warm tempera-
tures some external method of maintaining proper ambient temperature must be provided. 

When a KY2 1 A is first installed, the filament should be operated at rated voltage for approximately 
ten minutes with no plate voltage applied, in order that the mercury may be properly distributed. It will 
not be necessary to repeat this procedure unless the mercury is spattered on the filament and plate dur-
ing subsequent handling. 
Shielding—Extreme care must be exercised in preventing r-f electromagnetic and electrostatic fields 
from entering the circuits incorporating the KY2 1 A. Tube "hold-off" characteristics will be materially af-
fected in the presence of r-f fields. 
Grid Circuit—The KY2 1 A is prevented from conducting by placing a negative potential on the grid. The 
relationship between negative grid control voltage and anode voltage is shown in the characteristic curve. 
The ratio of d-c plate voltage to control voltage varies from about 87:1 at 1000 volts to 130:1 at 3500 volts. 
The use of slightly higher than the minimum voltage for hold-off is recommended. It may be convenient to 
supply 100 to 150 volts of bias from a small pack. This grid voltage is satisfactory for all normal plate 
voltages. It will usually be advisable to protect the grid of the KY2 I A by means of a current limiting 
resistor of approximately 10,000 ohms. 
(Effective 7-12-53) Copyright 1953 by Eifel-McCullough, Inc. 
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E I TEL-Mc C ULLO UGH, INC. 
SAN BRUNO, CALIFORNIA 

The Eimac RX2IA is a half-wave mercury vapor rectifier incorporating features which enable 
it to withstand high peak inverse voltages and to conduct at relatively low applied voltages. The 
shielded ribbon filament, edgewise-wound, provides a large emmision reserve and long life. 

ELECTRICAL 
Filament: Coated 

Voltage 
Current 

Tube Voltage Drop (approx.) - 

MECHANICAL 
Basel --

GENERAL CHARACTERISTICS 

Basing ------ - - - - 
Maximum Overall Dimensions: 

Length --------- 8.0 inches 
Diameter 2  25 inches 

Net Weight - - - - - - - --- 5 ounces 
Shipping Weight   1 pound 

MAXIMUM RATINGS (single tube) 

2.5 volts 
10 amperes 

15 volts 

PEAK INVERSE ANODE VOLTAGE2 - 
PEAK ANODE CURRENT - - - 
AVERAGE ANODE CURRENT   
SUPPLY FREQUENCY 
CONDENSED-MERCURY TEMPERATURE RANGE3 

- - - Medium, 5-pin 
See base connection diagram 

11,000 MAX. VOLTS 
- 3 MAX. AMPERES 
.75 MAX. AMPERES 
150 MAX. C. P. S. 
- - 20-60 °C 

lln order to carry the ten amperes of filament current the adjacent pins have been connected in parallel within 
the base. Similar connections should be made in the socket. 
2Temperatures in excess of 60° C limit the peak-inverse rating to 5,000 volts with a corresponding reduction in 
permissible RMS supply voltages to one-half those listed in the table. 

30peration at 40° plus or minus 5° C is recommended. 

APPLICATION 
MECHANICAL 

MOUNTING—The RX2IA must be mounted vertically, base down. 

COOLING—Provisions should be made for adequate air circulation 
around the tube, because cooling is accomplished by convection. The 
temperature of the condensed-mercury in the RX2IA should be kept 
within the ranges given under "MAXIMUM RATINGS". This temperature 
should be maintained at 40 degrees plus or minus 5 degrees C for most 
satisfactory operation of the tube. To measure the condensed-mercury 
temperature a thermocouple or small thermometer may be attached to 
the bulb in the area designated on the outline drawing, using a very 
small amount of putty. A condensed-mercury temperature lower than 
the recommended value raises the voltage at which the tube becomes 
conducting and tends to reduce the life of the filament. A temperature 
higher than recommended lowers the voltage at which the tube becomes 
conducting and tends to increase the life of the filament, but reduces 
the peak inverse voltage rating of the tube. When it is necessary to 
use a shield around the RX2IA care must be taken to insure ade-
quate ventilation and maintenance of normal condensed-mercury tem-
perature. 

ELECTRICAL 

CAUTION SHOULD BE OBSERVED IN MEASURING THE FILAMENT 
VOLTAGE, AS THE FILAMENT CIRCUIT MAY BE AT A HIGH D-C 
POTENTIAL. 

FILAMENT VOLTAGE—For maximum tube life, the filament voltage as 
measured directly at the filament pins, should be held at the rated 
value of 2.5 volts. Unavoidable variations in filament voltage must be 
kept within the range of 2.4 to 2.6 volts. A filament voltage less than 
the minimum recommended value may cause a high tube voltage drop, 
with consequent bombardment of the filament and eventual loss of 
emission. A filament voltage higher than the recommended maximum 
value will also decrease the life of the filament. 
The plate-circuit return of each tube should preferably be connected 

to the center tap of the transformer winding supplying the filament 
voltage. This precaution is recommended to insure uniform starting volt-
age for each tube when several are used in a given circuit. 

The filament of the RX2IA should be allowed to reach operating 
temperature before the plate voltage is applied. Under normal condi-
tions, a delay of approximately 30 seconds will be required. The delay 
time should be increased if there is any evidence of arc-back within the 
tube. In radio transmitter applications the filament should be kept at 
its rated voltage during "standby" periods to avoid delay due to 
warm-up. It is desirable to use a protective relay in the plate circuit 
to prevent the application of plate voltage before the filament has 
reached operating temperature. This relay should have a time delay 
adjustable up to a maximum of one minute. 

When an RX2IA is first installed, the filament should be oper-
ated at normal voltage for approximately ten minutes with no plate 

(Effective 7-12-53) Copyright 1953 by Eitel-McCullough, Inc. 

RX21A 
MERCURY 

VAPOR 

RECTIFIER 

voltage applied, in order that the mercury may be properly distributed. 
It will not be necessary to repeat this procedure unless the mercury is 
spattered on the filament and plate during subsequent handling. 

SHIELDING—Electromagnetic and electrostatic fields tend to cause the 
mercury vapor to break down, are detrimental to tube life and make 
proper operation difficult. Consequently, the RX2IA should be isolated 
from such fields as exist around a transmitter or other similar equip-
ment. When the tubes are located in the region of such fields, shielding 
with adequate ventilation should be used around the tubes. R-f filtering 
should also be employed when the tubes are affected by r-f voltages. 

FILTERING—A "choke input" filter will allow the greatest usable d-c 
output current to the load. When using a section of filter between rec-
tifier and load, to prevent exceeding the maximum peak current of 3 
amperes, a suitable maximum value for the first capacitor should be 
determined. Determination of this capacitance should be made under 
conditions simulating those to be used in service. 

The relationship of voltage input, inductance, and capacitance is 
one in which a higher operating voltage requires greater input induct-
ance, and less following capacitance to keep the peak STARTING 
current from exceeding 3 amperes. This is for the usual case where the 
supply is controlled by an on-off switch. 

Where the rectifier plate voltage is started by a control which gra-
dually raises the voltage from zero or a small amount to the desired 
operating value, starting current need not ordinarily be considered, 
and the chaarcteristics of the filter may be based on preventing ex-
cessive peak current under normal operating conditions. 

In the single phase cricuits (I and 3), if the current drawn by the 
load is reduced or varies under operating conditions to values less 
than approximately 70% of the indicated maximum d-c load current, a 
swinging (input) choke will supply the necessary additional inductance 
to prevent the voltage from rising, and will afford proper filtering 
over a much greater current range. 

Where a larger value of inductance is desirable to obtain additional 
filtering, the subsequent capacitance may be proportionately increased 
to aid in still further filtering without excessive peak starting and 
operating current. Still lower ripple may of course be obtained by added 
sections of filter. 

When "condenser input" filter is used, the peak current will be rela-
tively high in respect to the usable load current, and the voltage across 
the capacitor may be as high as 1.4 times the nominal RMS voltage of 
the transformer. 

For parallel operation of RX2IA rectifiers, suitable resistors or small 
inductors may be used in series with each plate lead to permit equal 
loading and starting characteristics. The inductors aid in reducing the 
peak current, and are more desirable due to their low d-c resistance. An 
approximate value for suitable resistors is 50 ohms, and for inductors, 
apprroximately one-third henry each. 
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CONDITIONS ASSUMED 
SINE WAVE SUPPLY, BALANCED PHASE VOLTAGES, ZERO TUBE 

DROP, PURE RESISTANCE LOAD, OR CHOKE INPUT FILTER. 

INPUT VOLTS* 
CIRCUIT MAX. A-C 

(RMS) 

APPROX. D-C MAX. D-C 
OUTPUT VOLTS CURRENT OUTPUT 
TO FILTER (Amperes) 

O 3890 per tube 3510 1.5 

O 4490 per leg 5270 2.2,5 

O 7780 total 7020 1.5 

(D 4490 per leg 10.520 2.25 

O 4490 per leg 5270 4.5 

For use under the conditions of the 11,000 volt peak inverse rating. 
If the RX2IA is to be used under frequency and /or temperature con• 
dition such that the peak inverse voltage is limited to 5500 volts, the 
a-c input voltage and d-c output voltage values in the table should 
be multiplied by a factor of 0.5 to give new values for the 5500 volt 
condition. 

1-71123 
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866 

EITEL-McCULLOUGH, INC. 
SAN BRUNO, CALIFORNIA 

MERCURY 
VAPOR 

RECTIFIER 

The Eimac 866-A/866 is a half-wave mercury-vapor rectifier incorporating features which en-
able it to withstand high peak-inverse voltages and to conduct at relatively low applied-voltages. The 
shielded ribbon filament, edgewise-wound, provides a large emission reserve and long life. 

ELECTRICAL 

Filament: Coated 
Voltage 
Current 

GENERAL CHARACTERISTICS 

Tube Voltage Drop (approx.) 

MECHANICAL 

Base 
Basing 
Maximum Overall Dimensions: 

Length 
Diameter   

Net Weight (Approx.) 
Shipping Weight (Average) 

2.5 volts 
5.0 amperes 
15 volts 

Medium 4-pin bayonet, RMA A4-10 
See base connection diagram 

MAXIMUM RATINGS (single tube) 

PEAK INVERSE ANODE VOLTAGE 
PEAK ANODE CURRENT - 
AVERAGE ANODE CURRENT 
SUPPLY FREQUENCY - 

2,000 5,000 
2.0 1.0 
0.5 0.25 
150 1,000 

CONDENSED-MERCURY TEMPERATURE RANGE' 25-70 25-70 
'Operation at 40 degrees plus or minus 5 degrees C is recommended. 

10,000 
1.0 

0.25 
150 

25-60 

APPLICATION 

MECHANICAL 
MOUNTING—The 866-A/866 must be mounted vertically, base down. 
COOLING—Provision should be made for adequate air circulation 

around the tube, because cooling is accomplished by convection. The 
temperature of the condensed-mercury in the 866-A/866 should be kept 
within the ranges given under "MAXIMUM RATINGS". This temperature 
should be maintained at 40 degrees plus or minus 5 degrees C for most 
satisfactory operation of the tube. To measure the condensed-mercury 
temperature a thermocouple or small thermometer may be attached to 
the bulb in the area designated on the outline drawing, using a very 
small amount of putty. A condensed-mercury temperature lower than 
the recommended value raises the voltage at which the tube becomes 
conducting end tends to reduce the life of the filament. A temperature 
higher than recommended lowers the voltage at which the tube becomes 
conducting and tends to increase the life of the filament, but reduces 
the peak inverse voltage rating of the tube. When it is necessary to 
use a shield around the 866-A/866 care must be taken to insure ade-
quate ventilation and maintenance of normal condensed-mercury tem-
perature. 

ELECTRICAL 
FILAMENT VOLTAGE—For maximum tube life, the filament voltage as 

measured directly at the filament pins, should be held at the rated 
value of 2.5 volts. Unavoidable variations in filament voltage must be 
kept within the range of 2.38 to 2.63 volts. A filament voltage less than 
the minimum recommended value may cause a high tube voltage drop, 
with consequent bombardment of the filament and eventual loss of 
emission. A filament voltage higher than the recommended maximum 
value will also decrease the life of the filament. 

CAUTION SHOULD BE OBSERVED IN MEASURING THE FILAMENT 
VOLTAGE, AS THE FILAMENT CIRCUIT MAY BE AT A HIGH D-C 
POTENTIAL. 

The plate-circuit return of each tube should preferably be connected 
to the center tap of the transformer winding supplying the filament 
voltage; if this cannot be done, the return should be connected to that 
side of the filament to which the cathode shields are connected (pin 
No. 4). When the filaments of two or more tubes are connected in 
parallel, the filament terminals to which the cathode shields are con-
nected should be joined. These precautions are recommended to insure 
uniform starting voltage for each tube when several are used in a given 
circuit. 

The filament of the 866-A /866 should be allowed to reach operating 
temperature before the plate voltage is applied. Under normal condi-
tions, a delay of approximately 30 seconds will be required. The delay 
time should be increased if there is any evidence of arc-back within the 
tube. In radio transmitter applications the filament should be kept at 
its rated voltage during "standby" periods to avoid delay due to 
warm-up. It is desirable to use a protective relay in the plate circuit 
to prevent the application of plate voltage before the filament has 
reached operating temperature. This relay should have a time delay 
adjustable up to a maximum of one minute. 

(Effective 12-1-46) Copyright 1946 by Eitel-McCullough, Inc. 

6.5 inches 
2.5 inches 
2 ounces 
0.5 pounds 

MAX. VOLTS 
MAX. AMPERES 
MAX. AMPERES 
MAX. C. P. S. 

°C 

When an 866-A /866 is first installed, the filament should be oper-
ated at normal voltage for approximately ten minutes with no plate 
voltage applied, in order that the mercury may be properly distributed. 
It will not be necessary to repeat this procedure unless the mercury is 
spattered on the filament and plate during subsequent handling. 

SHIELDING—Electromagnetic and electrostatic fields tend to cause the 
mercury vapor to break down, are detrimental to tube life and make 
proper filtering difficult. Consequently, the 866-A/866 should be 
isolated from such fields as exist around a transmitter or other similar 
equipment. When the tubes are located in the region of such fields, 
shielding with adequate ventilation should be used around the tubes. 
R-f filtering should also be employed when the tubes are affected by 
r-f voltages. 

FILTERING—The nomograph for circuits I and 3, and tables for circuits 
2, 4 and 5 give empirical values of inductance and capacitance for a 
single-section choke-input filter which will keep the peak plate current 
below the maximum rated value, provided the average d-c load cur-
rent does not exceed the maximum load current indicated. The values 
of L and C are based on a power-supply frequency of 60 cycles. 

The value of the capacitor is made small enough to prevent excess-
ive surges when power is first applied to the circuit. If the available in-
ductance is larger than the minimum allowable value, the capacitance 
may be increased proportionately over its nomograph or table maximum. 
In a two-section filter with two unequal inductances, the input induct-
ances should be the larger. The maximum value of each capacitor in 
such a filter is based upon the value of the preceding inductance. 

In the single phase circuits (I and 3), if the current drawn by the 
load is reduced or varies under operating conditions to values less 
than approximately 70% of the indicated maximum d-c load current, a 
swinging (input) choke will supply the necessary additional inductance 
to prevent the voltage from rising, and will afford proper filtering 
over a much greater current range. 

Arrangements such as those shown in Circuits I, 2 and 3 produce 
less than 5% ripple voltage when a two-section filter with minimum in-
ductance and corresponding maximum capacitance is employed. Circuits 
such as those shown in circuits 4 and 5 will produce less than I% ripple 
voltage. Better filtering may be obtained with any of these circuits by 
using larger values of inductance than the minimum indicated. Still 
greater improvement may be had by then proportionately increasing 
the corresponding capacitor values. 

When "condenser input" filter is used, the peak current will be rela-
tively high in respect to the usable load current, and the voltage across 
the capacitor may be as high as 1.4 times the nominal RMS voltage of 
the transformer. 

For parallel operation of 866-A/866 rectifiers, suitable resistors or 
small inductors may be used in series with each plate lead to permit 
equal loading and starting characteristics. The inductors aid in reduc-
ing the peak current, and are more desirable due to their low d-c re-
sistance. An approximate value for suitable resistors is 50 ohms, and 
for inductors, approximately one-third henry each. 
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DETERMINING MAXIMUM ALLOWABLE C. AND MINIMUM ALLOWABLE L. FOR CHOKE INPUT FILTER « 
SECTION TO LIMIT STARTING CURRENT IN 866A/86$ SINGLE PHASE CIRCUITS. 
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O 
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' 0, 1- 
ce 
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?--àe-"----<p)4 
THREE PHASE DOUBLE Y r ..\ 

r ; e 
NUMBER CIRCUIT E AVERAGE E INVERSE I AVERAGE 

0  Sleti! .- ‘ve2E 

2 TUBES 

0_.8451130 EE MAXIMUM 

° 

• , , 
s' '' .- AVERAGE 0.636 1MAXIMUM 

e THREE - PHASE 
HALF-WAVE 

0.8E7 E MAXIMUM 
1.170 ERms 

•noe -•-- - AVERAGE 0-627 MAXIMUM 

0 

SINGLE - PHASE 
FULL-WAVE 
4 TUBES 

0.636 E MAXIMUM 
,, •,„ • 
°''"' 2MS 

•1. 57 E AVERAGE 0.636 MAXIMUM '  

0 THREE - PHASE 
FULL - WAVE 

1.65 E MAXIMUM 
2.34 E Rms 

1.045 E AVERAGE 0.555 'MAXIMUM 

e THREE - PHASE 
DOUBLE -7 
PARALLEL 

0.827 E MAXIMUM 
i.inE Rms 2.09 E AVERAGE 1-51 'MAXIMUM 

CONDITIONS ASSUMED 
(I) SINE WAVE SUPPLY (2) BALANCED PHASE VOLTAGES (31 ZERO TUBE DROP 

14) PURE RESISTANCE LOAD (5) NO FILTER USED 

CIRCUIT 

MAX. 
A-C D-C 
INPUT OUTPUT 

VOLTS** VOLTS 
(RMS) TO 

FILTER 

CHOKE INPUT 
ONE-SECTION FILTER MAX. 

MAX. 
CON- LO-AD 
DENSER CURRENT 

(C) amperes 
uf 

MIN. 
CHOKE 

(L) 
henrys 

per leg 
THREE-PHASE 4080 4780 3.2 1.4 0.75 
HALF-WAVE 3000 3510 2.2 2.0 0.75 
CIRCUIT 2 2000 2340 1.4 3.0 0.75 

1500 1750 1.1 4.0 0.75 
per lea 

THREE-PHASE 4080 9570 1.8 0.5 0.75 
FULL-WAVE 3000 7020 1.4 0.7 0.75 
CIRCUIT 4 2000 4100 0.9 1.2 0.75 

1500 3510 0.7 1.5 0.75 
per leg 

THREE-PHASE 4000 4780 2.0 0.5 1.5 
DOUBLE-Y 3000 3510 1.5 0.7 1.5 
PARALLEL 2000 2340 1.0 1.1 1.5 
CIRCUIT 5 1500 1750 0.7 1.5 : 1.5 

per tube 
SINGLE PHASE 3535 3950 - - 0.25 
FULL-WAVE 3000 3390 - - 0.25 

(2 tubes) 2000 2260 - - 0.25 
CIRCUIT lo 1500 1700 - - 0.25 

• With condenser input to filter. 
• For use under the conditions of the 10000-volt peak inverse rating. If the 
866-A/866 is to be used under frequency and/or temperature conditions 
such that the peak inverse voltage is limited to 5000 volts, the a-c input 
voltage and d-c output voltage values in the table should be multiplied 
by a factor of 0.5 to give new values for the 5000-volt conditions. 

mAx_ 
eMAX. 

MEDIUM CAP - 

STI9 BULB 

ZONE WHERE 
CONDENSED MERCURY 
TEMPERATURE SHOULD 

BE MEASURED 

MEDIUM 4-PIN 
BAYONET BASE 

1* 

BOTTOM VIEW 
OF SOCKET CONNECTIONS 

NC NC 

CATH. 
SHIELD 

PIN I - FILAMENT 
PIN 2- NO CONNECTION 
PIN 3-NO CONNECTION 
PIN 4- FILAMENT 
CAP -PLATE 

• = GAS-TYPE TUBE 

TUBE MOUNTING POSITION  

VERTICAL- BASE DOWN 
ONLY 266-24377 



EITEL -McCULLOUGH, INC. 
SAN BRUNO, CALIFORNIA 

The Eimac 872-A/872 is a half-wave mercury-vapor rectifier incorporating features which en-
able it to withstand high peak-inverse voltages and to conduct at relatively low applied-voltages. The 
shielded ribbon filament, edgewise-wound, provides a large emiision reserve and long life. 

ELECTRICAL 

Filament: Coated 
Voltage 
Current 

Tube Voltage Drop (approx.) 

GENERAL CHARACTERISTICS 

MECHANICAL 

Base 
Basing 
Maximum Overall Dimensions: 

Length 
Diameter   

Net Weight (Approx.) 
Shipping Weight (Average) 

5.0 volts 
7.5 amperes 
10 volts 

Jumbo 4-pin, RMA type A4-29 
See base connection diagram 

8.5 inches 
2.31 inches 
8 ounces 
1.5 pounds 

MAXIMUM RATINGS (single tube) 
PEAK INVERSE ANODE VOLTAGE'   10,000 MAX. VOLTS 
PEAK ANODE CURRENT 5 MAX. AMPERES 
AVERAGE ANODE CURRENT 1.25 MAX. AMPERES 
SUPPLY FREQUENCY   150 MAX. C. P. S. 
CONDENSED-MERCURY TEMPERATURE RANGE' 20-60 °C 

' Temperatures in excess of 60° C limit the peak-inverse rating to 5,000 volts with a corresponding reduction in 
permissible RMS supply voltages to one-half those listed in the table. 

2 Operation at 40° plus or minus 5° C is recommended. 

APPLICATION 

MECHANICAL 
MOUNTING—The 872-A/872 must be mounted vertically, base down. 

COOLING—Provision should be made for adequate air circulation 
around the tube, because cooling is accomplished by convection. The 
temperature of the condensed-mercury in the 872-A/872 should be kept 
within the ranges given under "MAXIMUM RATINGS". This temperature 
should be maintained at 40 degrees plus or minus 5 degrees C for most 
satisfactory operation of the tube. To measure the condensed-mercury 
temperature a thermocouple or small thermometer may be attached to 
the bulb in the area designated on the outline drawing, using a very 
small amount of putty. A condensed-mercury temperature lower than 
the recommended value raises the voltage at which the tube becomes 
conducting and tends to reduce the life of the filament. A temperature 
higher than recommended lowers the voltage at which the tube becomes 
conducting and tends to increase the life of the filament, but reduces 
the peak inverse voltage rating of the tube. When it is necessary to 
use a shield around the 872-A/872, care must be taken to insure ade-
quate ventilation and maintenance of normal condensed-mercury tem-
perature. 

ELECTRICAL 
FILAMENT VOLTAGE—For maximum tube life, the filament voltage as 

measured directly at the filament pins, should be held at the rated 
value of 5.0 volts. Unavoidable variations in filament voltage must be 
kept within the range of 4.75 to 5.25 volts. A filament voltage less than 
the minimum recommended value may cause a high tube voltage drop, 
with consequent bombardment of the filament and eventual loss of 
emission. A filament voltage higher than the recommended maximum 
value will also decrease the life of the filament. 
CAUTION SHOULD BE OBSERVED IN MEASURING THE FILAMENT 

VOLTAGE, AS THE FILAMENT CIRCUIT MAY BE AT A HIGH D-C 
POTENTIAL. 

The plate-circuit return of each tube should preferably be connected 
to the center tap of the transformer winding supplying the filament 
voltage; if this cannot be done, the return should be connected to that 
side of the filament to which the cathode shields are connected (pin 
No. 2). When the filaments of two or more tubes are connected in 
parallel, the filament terminals to which the cathode shields are con-
nected should be joined. These precautions are recommended to insure 
uniform starting voltage for each tube when several are used in a given 
circuit. 

The filament of the 872-A/872 should be allowed to reach operating 
temperature before the plate voltage is applied. Under normal condi-
tions, a delay of approximately 30 seconds will be required. The delay 
time should be increased if there is any evidence of arc-back within the 
tube. In radio transmitter applications the filament should be kept at 
its rated voltage during "standby" periods to avoid delay due to 
warm-up. It is desirable to use a protective relay in the plate circuit 
to prevent the application of plate voltage before the filament has 
reached operating temperature. This relay should have a time delay 
adjustable up to a maximum of one minute. 

872A 
872 

MERCURY 
VAPOR 

RECTIFIER 

When an 872-A /872 is first installed, the filament should be oper-
ated at normal voltage for approximately ten minutes with no plate 
voltage applied, in order that the mercury may be properly distributed. 
It will not be necessary to repeat this procedure unless the mercury is 
spattered on the filament and plate during subsequent handling. 

SHIELDING—Electromagnetic and electrostatic fields tend to cause the 
mercury vapor to break down, are detrimental to tube life and make 
proper filtering difficult. Consequently, the 872-A/872 should be 
isolated from such fields as exist around a transmitter or other similar 
equipment. When the tubes are located in the region of such fields, 
shielding with adequate ventilation should be used around the tubes. 
R-f filtering should also be employed when the tubes are affected by 
r-f voltages. 
FILTERING—A "choke input" filter win allow the greatest usable d-c 

output current to the load. When using a section of filter between rec-
tifier and load, to prevent exceeding the maximum peak current of 5 
amperes, a suitable maximum value for the first capacitor should be 
determined. Determination of this capacitance should be made under 
conditions simulating those to be used in service. 

The relationship of voltage input, inductance, and capacitance is 
one in which a higher operating voltage requires greater input induct-
ance, and less following capacitance to keep the peak STARTING 
current from exceeding 5 amperes. This is for the usual case where the 
supply is controlled by an on-off switch. 

Where the rectifier plate voltage is started by a control which 9ra-
dually raises the voltage from zero or a small amount to the desired 
operating value, starting current need not ordinarily be considered, 
and the characteristics of the filter may be based on preventing ex-
cessive peak current under normal operating conditions. 

In the single phase circuits (I and 3), if the current drawn by the 
load is reduced or varies under operating conditions to values less 
than approximately 70% of the indicated maximum d-c load current, a 
swinging (input) choke will supply the necessary additional inductance 
to prevent the voltage from rising, and will afford proper filtering 
over a much greater current range. 

Where a larger value of inductance is desirable to obtain additional 
filtering, the subsequent capacitance may be proportionately increased 
to aid in still further filtering without excessive peak starting and oper-
ating current. Still lower ripple may of course be obtained by added 
sections of filter. 

When "condenser input" filter is used, the peak current will be rela-
tively high in respect to the usable load current, and the voltage across 
the capacitor may be as high as 1.4 times the nominal RMS voltage of 
the transformer. 

For parallel operation of 872-A/872 rectifiers, suitable resistors or 
small inductors may be used in series with each plate lead to permit 
equal loading and starting characteristics. The inductors aid in reduc-
ing the peak current, and are more desirable due to their low d-c re-
sistance. An approximate value for suitable resistors is se ohms, and 
for inductors, approximately one-third henry each. 

(Effective 12-1-46) Copyright 1946 by Eitel-McCullough, Inc. 
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N N 
THREE PHASE DOUBLE Y 

NUMBER CIRCUIT EAVERAGE EINVERSE 'AVERAGE 

0 
SINGLE - PHASE 
FULL - WAVE 

2 TUBES 

0.318 E mAximum 
0.450 E 9m9 3-1'1 E AVERAGE 0.636 'MAXIMUM 

0 
THREE - PHASE 
HALF-WAVE 

0-527 E MAXIMUM 
1. 170 E 9m9 

205 E AVERAGE 0•627 'MAXIMUM 

0 

SINGLE - PHASE 
FULL - WAVE 
4 TUBES 

0.636 E mAximum 

0.900 E ,m , 
1. 57 ç - AVERAGE (1636 'MAXIMUM 

0 
THREE - PHASE 

FULL -WAVE WAVE 
1.65 E MAXIMUM 
2.34 E 9 ms 

1.045 E AVERAGE " 55 'MAXIMUM 

0 
THREE - PHASE 

DOUBLE - Y 
PARALLEL 

0.827 E mAximum 

1.170E, m , 
2.09 E AVERAGE 1.91 'MAXIMUM 

CONDITIONS ASSUMED 
SINE WAVE SUPPLY, BALANCED PHASE VOLTAGES, ZERO TUBE DROP, 

PURE RESISTANCE LOAD. NO FILTER USED. 

INPUT VOLTS' APPROX. D-C MAXIMUM D-C 
CIRCUIT MAXIMUM A•C OUTPUT VOLTS OUTPUT CURRENT 

(RMS) TO FILTER AMPERES 3535 per tube 3180 2.5 
2 4080 per leg 4780 3.75 
3 
4 

7070 total 4080 per leg 4080 per leg 

6360 
9570 
4780 

1 Max. peak inverse voltage of 10,000 volts. 

2.5_ 
3.75 
7.5 

NC 
CATH. 

BOTTOM VIEW OF SHIELD 
SOCKET CONNECTIONS 

NC 
PIN I - NO CONNECTION 
PIN 2-FILAMENT, CATHODE SHIELD 
PIN 3-NO CONNECTION 
PIN 4-FILAMENT 
CAP -PLATE 
• -GAS TYPE TUBE 

264-64347 



other products 

Look in the front pages for ---

e 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. 

e Eimac tube type numbering system. 

e Tube Replacement Chart. 

• Prices on Eimac products. 

IMPORTANT EIMAC "EXTRAS" 

Application Engineering. 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. 

Field Engineering. 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. 



E I TEL-McCULLO U GH, INC. 
SAN BRUNO, CALIFORNIA 

Eimac HR Heat Dissipating Connectors are used to make 
electrical connections to the plate and grid terminals of Eimac 
tubes, and, at the same time, provide efficient heat transfer 
from the tube element and glass seal to the air. The HR con-
nectors aid materially in keeping seal temperatures at safe 
values. However, it is sometimes necessary to forced-air-cool 
the connector by means of a small fan or blower. In such cases 
the air flow should be parallel with the fins of the connector. 

TUBE 
PLATE 

CONNECTORS 
CONNECTOR 

GRID TUBE 
PLATE 

CONNECTORS 
CONNECTOR 

GRID 

2-25A 
2-50A 
2-150D 
2-240A 
2-2000A 
3C24 

HR-1 
HR-3 
HR-6 
MR-6 
HR-8 
HR-1 HR-1 

75TH-IL 
100R 
100TH-TL 
VT127A 
152TH-TL 
250TH-TL 

HR-3 
HR-8 
HR-6 
HR-3 
HR-5 
HR-6 

HR-2 

HR-2 
HR-3 
HR-6 
HR-3 

4-65A 
4-125A 
4-250A 
4-400A 
4-1000A 
4E27A/5-125B 
4 PR60A 
6C21 

HR-6 
HR-6 
HR-6 
HR-6 
HR-8 
HR-5 
HR-8 
HR-8 HR-8 

25OR 
253 
304TH-TL 
327A 
450TH-TL 
592/3-200A3 

HR-6 
HR-8 
HR-7 
HR-4 
HR-8 
HR-10 

H R-6 
HR-3 
HR-8* 
HR-5 

KY21A 
RX21A 
25T 
35T 
35TG 
UH50 

HR-3 
HR-3 
HR-1 
HR-3 
HR-3 
HR-2 

HR-3 
HR-2 

750TL 
866A 
872A 
1000T 
15001 
20001 

HR-8 
HR-8 , 
HR-8 
HR-9 
HR-8 
HR-8 

HR-8 

HR-9 
HR-8 
HR-8 

HR HEAT 
DISSIPATING 
CONNECTORS 

Designed for use on the larger tubes, the HR-9 Heat Dissipating 
Connector is provided with an air duct to conduct the cooling 
air directly to the glass seal. 

HR Heat Dissipating Connectors are machined from solid 
dural rod, and are supplied with the necessary machine screws. 
The table below lists the proper connectors for use with each 
Eimac tube type. 

The grid terminal of the 450TH-TL type tube is now .560" in diameter. To accommodate existing equipment designed for the older style 450TH-TL 
having .098" diameter grid terminals, an adapter pin is provided with the newer tubes. This adapter pin is threaded so that it may be removed 
from the grid terminal of the tube. The small grid terminal requires an HR-4 connector. 

(Effective 10-15-54) Copyright, 1954 by Eifel-McCullough, Inc. 



 00000000106 H R's 

r-

f 
32 

6-32 BINDING HEAD SCREW 

HOLE 6-32 SET .055 SCREW 
DEEP 

HR - I 

.062 
HOLE 
VE DEEP 

.102 
re HOLE 

DEEP 

6-35 BINDING HEAD SCREW 

6-32 SET SCREW 

HR - 2 

6 -32 BINDING HEAD SCREW 

6-32 SET SCREW 

HR - 3 

6-32 BINDING HEAD SCREW 

6-32 FILLISTER HEAD SCREW 

HR - 4 

.130 1El HOLE 
;DEEP 

WI HOLE 
14 DEEP 

17 HOLE 
âDEEP 

L.S17 

6-32 BINDING HEAD SCREW 

6-32 FILLISTER HEAD SCREW 

HR - 5 

6 - 32 BINDING HEAD SCREW 

6-32 FILLISTER HEAD SCREW 

HR - 6 

10-32 BINDING HEAD SCREW 

6-32 FILLISTER HEAD SCREW 

HR - 7 

-iv HOLE 
eDEEP 

.162 HOLE .572 
gDEEP 

W HOLE 
I1DEEP 32 

10-32 BINDING HEAD SCREW 

6-32 FILLISTER HEAD SCREW 

HR - 8 

10.D. (.065) 16 sues GA. TUBING 

6-32 FILLISTER HEAD SCREW 

HR:- 9 

10-32 BINDING HEAD SCREW 

•- 3,6 FILLISTER HEAD SCREW 

HR —10 

4-83466 

>Indicates change from sheet dated 3-9-53 



ewe-
e 4X150 

TUBE EXTRACTOR 

4X150 

Tube Extractor 

4X150 

Tube Extractor 

in Application 

The Eimac 4XI50 tube extractor may be used as pic-
tured for inserting or extracting the 4X1 50A, 4X1500 
and 4X150G from normal or deep cavities. The 
prongs of the extractor are placed through the ra-
diator of the tube and permit quick handling of tubes. 
The spring steel construction allows the tube to be 
gripped firmly without scoring the cavity walls. Only 

normal cavity wall clearance is required. 

(Note: This sheet should be inserted immediately 
preceding the 4X150A data sheet in your catalog.) 

EITEL-McCULLOUGH. INC. 
San Bruno. California 

1-79203 



VACUUM 
CAPACITORS 

EITEL-McCULLOUGk, INC. 
SAN BRUNO, CALIFORNIA 

VC50-32 

VC25-32 

VC12-32 

VC6 - 32 

VC50-20 

VC25-20 

VC12-20 

VC6 - 20 

Eimac vacuum capacitors are small, vacuum-dielectric units intended principally for use as all or 
part of the plate tank capacitance in radio-frequency amplifiers or oscillators. They are also frequently 
used as high-voltage coupling and by-pass capacitors at high frequencies and as high-voltage neu-
tralizing capacitors, when used in conjunction with small high-voltage variable capacitors having a 
small capacitance range. The use of a vacuum as a dielectric permits the construction of a com-
paratively small, lightweight capacitor for a given voltage rating and capacitance. In addition, the 
effects of dust and atmospheric conditions on the capacitor are eliminated by sealing the plates 
within a glass envelope. 

These capacitors are manufactured in two maximum peak voltage ratings, 32,000 and 20,000 volts, 
and in capacitances of 6, 12, 25 and 50 uufd. All types have a maximum current rating of 28 
amperes. Each of the capacitors may be operated at its full maximum voltage rating at any frequency 
below that a+ which the rms current through the capacitor is 28 amperes. Above this frequency, the 
r-f voltage across the capacitor must be reduced as the frequency increases, to prevent the current 
from exceeding the maximum rating. The graphs below show the maximum peak r-f voltage which 
may be applied to each type of capacitor at frequencies between 100 kilocycles and 50 megacycles. 
Curves are also shown which indicate the rms current flowing through the capacitor under maximum 
r-f voltage conditions at any frequency between 100 kilocycles and 50 megacycles. Where both r-f 
and d-c voltages are applied to the capacitor, the sum of the peak r-f and d-c voltages must not 
exceed the pall( voltage rating of the capacitor. 

Eimac vacuum capacitors are provided with terminals which allow the use of standard 60-ampere 
fuse clips for mounting. These clips must be kept clean and must at all times make firm and positive 
contact with the capacitor terminals. Failure to maintain a low-resistance contact +o the capacitor 
terminals may result in excessive heating and permanent damage to the capacitor seals. 
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Capacitance*   50 plIfd. 
Max. Peak Voltage . . . . 32,000 volts 
Max. RMS Current   28 amps. 

VC50-20 
Capacitance*   50 duptfd. 
Max. Peak Voltage . . 20,000 volts 

Max. RMS Current   28 amps. 

VC25-32 
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Capacitance*   25 juitLfd. 
Max. Peak Voltage . . . 32,000 volts o > 
Max. RMS Current   28 amps. io 
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VC25-20 > 
Capacitance*   25 mifd. 
Max. Peak Voltage . . . . 20,000 volts 

Max. RMS Current   28 amps. 
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VC12-32 
30 

Capacitances   12 ittififd. 
0, 20 

Max. Peak Voltage . . 32,000 volts t-, 
o 

Max. RMS Current   28 amps. à 
--.. 10 

40 

,i o 
VC12-20 4 

> 
Capacitance*   12 plifd. x a 
Max. Peak Voltage . 20,000 volts . ci. 

Max. RMS Current   28 amps. 

VC6-32 
Capacitance*  6 41,tia,fd. 

Max. Peak Voltage . . . 32,000 volts 

Max. RMS Current   28 amps. 

VC6-20 

Capacitances   6 itp fd. 

Max. Peak Voltage . . . 20,000 volts 
Max. RMS Current   28 amps. 
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VARIABLE 
VACUUM 

CAPACITORS 

TYPES VVC 60-20 VVC2-60-20 VVC4-60-20 

GENERAL 
Eimac variable vacuum capacitors are intended 

principally for use as plate tank capacitors in radio 
frequency amplifiers and oscillators. The use of 
vacuum for the dielectric permits close spacing of 
the electrodes giving concentrated capacitance at 
high voltage. The variable vacuum capacitors are 
compact, lightweight, and eliminate the effects of 
dust and atmospheric conditions. 

The basic capacitor unit (VVC60-20) has an 
RF peak voltage rating of 20,000 volts and a maxi-
mum current rating of 40 amperes RMS. Ganged 
multiple unit capacitors are available using two 
units (VVC2-60-20) or four units (VVC4-60-20). 
These multiple unit capacitors include a single 
mounting plate, gear train, and single tuning shaft. 
One end of each unit capacitor mounts on the 
common plate and one end is free. Thus the multi-
ple capacitor may be connected with the units in 
parallel, as two series capacitors for "split-stator" 
work, or as multiple capacitors with one terminal 
common. 

The capacitors may be operated at a maximum 
voltage rating at any frequency provided the cur-
rent rating is not exceeded. Above a particular 
frequency the maximum current rating becomes 
the limitation and voltage values less than the 
maximum must be used. Curves are given for each 
capacitor showing maximum allowable current 
(RMS) vs. frequency. 

The capacitance variation is linear with respect 
to shaft rotation with the complete range being 
covered in seventeen revolutions of the shaft. Ref-
erence should be made to the tuning curve for each 
capacitor. A return to previously-indexed settings 
is positive. The variable vacuum capacitors have a 
low temperature coefficient resulting in a negli-
gible change in capacitance due to variation in 
temperature. The actual coefficient values are 
given for each capacitor combination. 

MOUNTING 

The VVC60-20 is provided with a mounting 
plate on one end, which also serves as an electrical 

connection. If the circuit is such that one side of 
the capacitor is grounded, the mounting plate can 
be fastened directly to the panel or chassis. Four 
eyelets to accommodate No. 8-32 machine screws 
are provided on the mounting plate. If a single or 
multiple unit is to be ungrounded the mounting 
should be on insulators and the tuning shaft broken 
with an insulating coupling and the dial portion of 
the shaft grounded. 

The other end of the capacitor is provided with 
a large terminal that permits the use of a simple 
clamp or collet connector. This connector should 
be mounted flexibly to prevent undue mechanical 
strain being put on the capacitor seals. The con-
nector must be kept clean and must at all times 
make a firm and positive contact with the capaci-
tor terminal. Failure to maintain a low resistance 
contact to the capacitor terminal may result in 
excessive heating and permanent damage to the 
capacitor seals. 

The multiple unit capacitor is designed so that 
it may be mounted readily on the chassis or from a 
panel. The mounting plate serves as one electrical 
connection and can be mounted directly at ground 
potential or insulated above ground. 

The capacitors require normal circulation of air 
to keep the metal-to-glass seals below the maxi-
mum permissible temperature when carrying large 
values of current. In cases where the air flow is 
restricted or the ambient temperature is above 
room temperature a measurement of the seal tem-
perature should be made. Adequate cooling must 
be provided to keep the metal of the metal-to-
glass seals below 150° centigrade. 

The low-torque tuning mechanism provides easy 
hand-operation of a dial directly on the shaft of 
either the single or multiple-unit capacitors. The 
capacity of type VVC vacuum condensers may be 
controlled by an electric tuning motor providing a 
minimum of two inch-pounds of torque per unit. 
The use of positive-action limit switches or a slip-
coupling is recommended to avoid forcing the 
mechanism when it reaches the limit of its travel 
in either direction. 

Effective 3-1-49 Copyright 1949 by Eifel-McCullough, Inc. 
Reprinted 6-1-51 



VVC 60-20 
VARIABLE 

VACUUM 

CAPACITOR 

MAX. 

II" 

El TEL-McCULLOUGH, INC. 
SAN BRUNO, CALIFORNIA 

f 
TUNING SHAFT,TURN ----------------
COUNTER-CLOCKWISE .. 
TO INCREASE e  DIA. -.-
CAPACITY 

The VVC60-20 is a single unit variable vacuum capacitor. 

CHARACTERISTICS 
ELECTRICAL 

Capacitance 
Maximum  60 mmfd 
Minimum   10 mmfd 

Number of revolutions (See Curve)  17 turns 
Maximum Peak R.F. Voltage  20 kilovolts 
Maximum Current (RMS)  40 amperes 

(See derating curve vs frequency) 
Temperature Coefficient  +.004 mmfd/°C 

MECHANICAL 
Mounting  See Outline Drawing 
Cooling   Air Convection 
Maximum Seal Temperature  150°C. 
Maximum Overall Dimensions 

Length   5-11/16" 
Diameter   3- 1/16" 

Net Weight   1 lb. 6 oz. 
Shipping Weight (average)   2 lb. 

MAKE ELECTRICAL 
CONNECTION TO 
MOUNTING FLANGE 
ONLY 

DO NOT MAKE 
ELECTRICAL 
CONNECTION HERE 

3" 
i8 DIA. 4 HOLES FOR ././.--

MOUNTING WITH 
# e-32 SCREWS 
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The VVC2-60-20 is a dual unit variable vacuum capacitor consisting of two 
VVC60-20 units in a convenient gang mounting. 

ELECTRICAL 

Capacitance 
Maximum   120 30 mmfd 
Minimum   20 5 mmfd 

Number of revolutions (See Curves) 17 17 turns 
Maximum Peak R.F. Voltage  20 40 kilovolts 
Maximum Current (RMS)   80 40 amperes 

(See derating vs frequency) 
Temperature Coefficient   +.008 +.002 mmfd/°C 

MECHANICAL 
Mounting   See Outline Drawing 
Cooling   Air Convection 
Maximum Seal Temperature  150° C 
Maximum Overall Dimensions 

Depth   6-9/32" 
Height   3-1/ 8" 
Width   8-1/ 8" 

Net Weight  4 lbs. 
Shipping Weight (approx.)  8 lbs. 

CHARACTERISTICS 

Parallel Split Stator 
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VVC4-60-20 
VARIABLE 
VACUUM 

CAPACITOR 

11 
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The VVC4-60-20 is a four unit variable vacuum capacitor consisting of four 
VVC60-20 units in a convenient gang mounting. 

ELECTRICAL 
CHARACTERISTICS 

Parallel Split Stator 
Capacitance 

Maximum   240 
Minimum   40 

Number of revolutions (See Curves) 17 
Maximum Peak R.F. Voltage  20 
Maximum Current (RMS)  160 

(See derating curve vs frequency) 
Temperature Coefficient   +.016 

MECHANICAL 

EIMAC VVC4 60-20 
MAXIMUM CURRENT RATING 

VS 
FREQUENCY 

A 

® 

® PARALLEL CONNECTED (MAX. PEAK 
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Mounting   
Cooling   
Maximum Seal Temperature  
Maximum Overall Dimensions 

Depth   
Height   
Width   

Net Weight   
Shipping Weight (approx.)   

60 
10 
17 
40 
80 

mmfd 
mmfd 
turns 
kilovolts 
amperes 

+.004 mmfd/°C 

See Outline Drawing 
Air Convection 

150°C 

6- 9/32" 
7-13/16" 
7-13/16" 
8 lbs. 
14 lbs. 

17" 

MOUNTING HOLES 
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4 

FIV-1 
DIFFUSION 

PUMP 

The Eimac HV-1 Diffusion Pump is a fast, triple-jet, air-
cooled vacuum pump of the oil-diffusion type. When used 
with a suitable mechanical forepump and Eimac type A oil it 
is capable of reaching an ultimate vacuum of 4 x 10-7 mm of 
mercury. 

Assembly of the pump is a simple operation, requiring no 
special tools or intricate adjustments. It can be completely 
disassembled for cleaning in five minutes or less. 

The glass construction permits rapid inspection of con-
ditions within the pump. 

OPERATIONAL DATA 

Amount of Oil   
Recommended Oil - 
Forepump Capacity* - 

150 milliliters 
Eimac Diffusion Pump Oil, Type A 
- - 0.1 to 2.0 liters per second 

at 0.001 mm of mercury, or less 
0.02 mm of mercury 

35° C or lower 
100 to 110 volts 

1.7 amperes 
Speed, without baffle (approx.)* - - 67 liters per second 

at 4x10 -4 to 4x10-6 mm Hg 
Speed, with baffle (approx.) * - - - 32 liters per second 

at 4x10-4 to 4x10 -6 mm Hg 
Ultimate Vacuum, at 25° C (approx.) - - 4x10-7 mm Hg 

when using recommended oil. 

Forepressure (maximum) 
Baffle Temperature   
Heater Voltage 
Heater Current (at 110 volts) 

MECHANICAL DATA 

Casing   
Chimney   
Cooling 
Maximum Overall Dimensions 
Mounting Position   
Net Weight   
Shipping Weight   

Pyrex Glass 
3 Jet, Aluminum 
  Air 

See Outline Drawing 
Vertical, boiler down 

6 pounds 
18 pounds 

*A smaller forepump may be used, but this will reduce the pumping speed at the higher 
manifold pressures. 

(Effective 8-29-53) Copyright 1953 by Eitel-McCullough, Inc. 



OPERATION 
The principle upon which the oil-diffusion pump op-

erates may be explained as follows. The drawing on page 
three illustrates the accepted theory. Gas to be removed 
from the high-vacuum system enters the pump at the top, 
whence it moves into the region of the upper jet. Emerg-
ing from this jet is a stream of oil vapor which is gener-
ated by the electrically-heated oil boiler at the bottom 
of the pump. Molecules of the unwanted gas diffuse into 
this stream of oil vapor and are carried down and out 
toward the cooler glass-wall of the pump. Upon reaching 
the glass-wall, the oil vapor condenses to a film of liquid 
oil which runs down the wall and returns to the boiler. 
The gas molecules are forced downward by the oil vapor 
and gas above them and come under the influence of the 
middle jet, where they are again forced down toward the 
bottom of the pump by a stream of oil vapor. 
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in the system are to be avoided wherever possible. A 
short length of small-bore tubing can cause a consider-
able reduction in pumping speed. 

Pumping speed is also affected by the capabilities of 
the forepump. The forepump must be able to remove the 
gas from the system while maintaining the required low 
pressure at its end of the diffusion pump. 

Increased pumping speed may be obtained by operat-
ing several HV-1 units in multiple. The number of units 
which may effectively be used in multiple will be deter-
mined by the ability of the forepump to produce the re-
quired forepressure, and the ability of the manifold and 
tubulations to handle the desired pumping speed. 

The HV-1 is capable of reaching an ultimate vacuum 
of 4 X 10 mm of mercury. To reach this low pressure, 
however, it is essential to avoid any contaminant in the 
high-vacuum system. Water, even in small amounts, or 

EIMAC HV-1 
OIL-DIFFUSION PUMP 

PUMPING SPEED v. PRESSURE 

HEATER POWER- 180 W 

WITHOUT BAFFLE 

WITH STANDARD BAFFLE 

o l0 10 

PRESSURE - MILLIMETERS OF MERCURY 

The process of "packing" the molecules of gas down 
toward the bottom of the pump is again repeated at the 
bottom jet. During pumping, as the manifold pressure 
drops, the amount of oil issuing from the lower jet is 
sufficient to form a visible ring of oil on the wall of the 
pump at a point well below the bottom skirt. In this re-
gion the concentration of gas is great enough to raise the 
pressure to a point which will allow a mechanical fore-
pump to effectively remove the gas from the system. 

To prevent small amounts of oil vapor from finding 
their way back into the high-vacuum side of the system, 
a baffle is often employed between the diffusion pump 
and the high-vacuum system. In the HV-1 this baffle is 
a pair of aluminum discs which are kept relatively cool 
by the pump cooling fan. Oil vapor reaching the baffle 
condenses and is returned to the boiler. The baffle re-
duces the pumping speed by about one-half. If there are 
several bends in the high-vacuum manifold between the 
pump and the space to be evacuated, the baffle may be 
dispensed with, as the bends will serve to collect the oil 
vapor. However, the bends will also reduce the pumping 
speed. This is well illustrated in the curves. Constrictions 

10 10 

The curves at the left show 

the gas handling capabilities 
of the HV-I over a range of 
pressures both with and with-
out a baffle. These curves 
apply when a forepump with the 
required capacity is used. The 
rapid loss in pumping speed 
at the higher pressures is due 
to the inability of the fore-

pump to handle the necessary 
volume of gas. With a larger 
forepump, the pumping speed 
would be maintained ouf to 
higher pressures. 

any hygroscopic matter should be carefully excluded. 
When so located as to be affected by heat, rubber is par-
ticularly objectionable, and a poor ultimate vacuum is 
likely to result if rubber gaskets are used in the diffusion 
pump. For this reason, Neoprene gaskets are supplied 
with the HV-1. 

In systems employing stop-cocks, valves or gaskets, it 
is necessary that the stop-cock, valve or gasket lubricant 
have the minimum possible vapor pressure, because poor 
lubricants can easily destroy the high-vacuum capabili-
ties of the pump. 

APPLICATION 
The HV-1 diffusion pump must be mounted securely, 

but not too rigidly. A satisfactory method of mounting 
consists of 1 X 1 X Ys inch angle shaped and drilled to 
pass four of the six spring loaded bolts used to join the 
large flanges at the top of the barrel (see illustration). 
When the desired manifold has been sealed to the mani-
fold adapter (914 on outline drawing), the pump is pre-
pared for operation (after cleaning thoroughly as speci-
fied under "CLEANING") in accordance with the follow-
ing procedure: 

Page Two 
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 ste000000. HV-1 

1. Pour 150 milliliters of Eimac Diffusion Pump Oil, Type 
A, into the pump barrel (917). 

2. Insert the aluminum jet assembly (4911) into the 
pump barrel. 

3. Assemble the pump carefully, moistening both sides of 
each gasket with pump oil, or with a thin layer of 
heavy-grade "Celvacene," or equivalent grease. 

4. Install the pump in its mounting. 
IMPORTANT: DO NOT START DIFFUSION PUMP 
HEATER UNTIL FOREPUMP IS IN OPERATION AND 
SYSTEM IS FREE OF LEAKS, TO AVOID PREMATURE 
HIGH TEMPERATURE AND DECOMPOSITION OF THE 
OIL. 

5. After making certain that the forepump is connected 
to the nipple (8911) through the suitable flexible 
coupling (vacuum-hose or vacuum type bellows), start 
the forepump motor. Check the manifold with a Tesla 

or other high-voltage, high-frequency spark coil for 
leaks BEFORE CONTINUING. 

The Tesla coil, with a flexible wire probe may be 
used to indicate the presence of leaks above the 
baffle. It is also valuable in estimating pressure in 
the manifold during the early stages of evacuation. 
CAUTION: Too high a voltage may puncture the 
manifold at its weak points, i. e. where the glass 
may be very thin or at a seal-off tubulation. A 
rough indication for a suitable Tesla voltage is that 
which will produce a corona of about one-eighth 
inch on the end of a No. 14 B & S probe wire, visi-
ble in the dark only, and a stringy spark not over 
five-eighths inch to a grounded metal surface. 

If the system is known to be free of leaks, the 
forepump and HV-1 may be started together. How-
ever, to protect the system and its oil, the manifold 
first should be checked with the Tesla coil, with 
the HV-1 "off." When the cold oil stops bubbling 
and the pink glow is seen to be diminishing at a 
normal rate, the system may be assumed to be 
reasonably tight and the HV-1 may be started. 

6. Connect the oil heater terminals via a switch to the 
source of power. The oil heater voltage should be set 
to between 100 and 110 volts for best results. An ad-
justable resistor or an auto transformer of the tapped 
or continuously variable types is recommended. The 
current at 110 volts is approximately 1.7 amperes. 

7. The baffle assembly and upper end of the pump barrel 
should be kept cool (35 ° C or lower) by a small fan 
or blower (see illustration). 

OIL—Eimac Type A Diffusion Pump Oil is a special 
petroleum product carefully processed by Eitel-McCul-
lough, Inc. to afford the high-vacuum desired in diffu-
sion pump work. The ultimate vacuum attainable for 
Type-A oil is on the order of 10 mm Hg. Its boiling-
point at pressures on the order of 10 2 mm Hg is 135 ° C. 

One noteworthy property of this oil is that under 
normal conditions, no particles of condensed oil will be 
found deposited in the high-vacuum manifold. This lack 
of condensation is indicative of the absence of "light 
ends." Such products of distillation usually must be 
barred from the high vacuum system by the use of liquid 
air or charcoal traps which invariably reduce the speed 
of any system and require extensive maintenance. 

VACUUM GAGES—To properly evaluate the vacuum 
conditions at the manifold, a sensitive gage in the de-
sired range is necessary. There are many systems used 
for this purpose, the most sensitive in the high-vacuum 
spectrum being the Ionization (or Ion) gage. Its range of 
usefulness extends from approximately 5 microns to a 
region in the upper experimental vacuum limits on the 
order of 10 microns (5 X 10 to 10 9 mm Hg). Recent-
ly, tubes and circuits have been developed which con-

tribute to the high stability of this instrument. The Ei-
mac type 100-IG Ion Gage tube is designed to give the 
maximum internal leakage path, thus avoiding erratic 
readings due to possible contamination from the system. 
LEAKS—If the system does not "clean-up" in a rea-
sonable time, considering the nature and size of the mani-
fold and connected chambers, a leak may be looked for 
by means of the Tesla coil. The probe should be run over 
the entire surface of the glass work involved. A "fast" 
leak will be indicated where sparks concentrate at a 
point on the glass and a pinkish glow takes place within 
the evacuated space. 

Where a slow leak is suspected, before "bake-out" 
and where the vacuum is high but still not satisfactory, a 
solvent such as carbon tetrachloride may be applied to 
the manifold surface, but not to the Neoprene gaskets, 
with an atomizer, a wad of cotton or brush. If a leak is 
found, the Tesla voltage will cause a marked bluish glow 
while the solvent is entering the aperture, or the ion 
gage reading will indicate increased pressure. 

After "bake-out" or when the manifold is too hot for 
the application of liquids, illuminating gas or hydrogen 
may be applied to the surface from an unlighted torch. 
Gas entering the hole will effect the ionization gage read-
ing immediately. A very small leak may be found in this 
way. If there are no leaks, the manifold and pump assem-
bly is ready for use2. 

With the manifold at high vacuum, no ionization will 
be apparent from the effects of a Tesla probe held on the 
manifold (above the baffle). Below the baffle on the 
barrel of the HV-1 pump the probe will cause fluorescence 
of the oil vapors as well as a visible disturbance of the 
oil flow below the jets. The probe when touched to the 
HV-1 outlet will show a faint blue-violet glow. If these 
first two conditions are obtained, but a pinkie glow is 
present in the outlet, the mechanical pump and its 
coupling should be checked. 

For new oil, or after an oil change, the pump will re-
quire about 24 hours of operation to condition the oil for 
optimum performance. Approximately 15 minutes heat-
ing time is required for the HV-1 to reach full efficiency 
from a cold start. 

PRECAUTIONS 
1—The vacuum system should not be opened "to air" 

when the diffusion pump is hot, to prevent oxidation of 
the pump oil. 2—If at any time a white vapor is visible 
in the HV-1, both pumps should be immediately shut off. 
The vapor is an indication of forepump failure or a very 
rapid leak. If the oil has become dark, the system may 
require complete cleaning. 3—Ground leads should be 
provided on both flange couplings to prevent the Tesla 
voltage from puncturing the Neoprene gaskets. - 

CLEANING 
Diffusion pumps in continuous use should be cleaned 

at approximately one-month intervals. The materials and 
facilities required for cleaning are: Carbon tetrachloride 
and pentane (or acetone). An oven capable of tempera-
tures up to 500° C will allow complete removal of car-
bonaceous deposits. The oven should be provided with an 
air inlet and outlet to allow the products of oxidation to 
be carried off. An accurate temperature control and in-
dicator are advisable to prevent mishap to the glass 
parts. Where an oven is not available, steel wool, water 
and some abrasive cleanser such as diatomaceous earth 

"Bake-out" consists of surrounding the manifold and work to be 
evacuated with an oven. The temperature is then raised and held just 
under the annealing point for the "softest" glass being used in the 
system (approximately 500 degrees C for Pyrex). The temperature is 
maintained for thirty minutes to an hour, or at least until the new 
glass in the system shows no fluorescence on application or the Tesla 
voltage. This "cleans up" the glass-ware to a point where it will not 
normally release further gas. An accurate thermocouple type tempera-
ture indicator and heater control are advisable to prevent mishaps to 
the system during "bake-out." 
Contamination in the system such as decomposed oil, or a source of 
high vapor pressure in the load will give "virtual leaks" or unfavor-
able maximum vacuum readings. 
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may be used. The procedure is given in the following 
paragraphs. 
GLASS HOUSING BARREL—New housings should be 
given a rinse with a cup of pentane or acetone and then 
warm-air dried. (CAUTION: pentane and acetone are 
inflammable. Keep away from open flames.) Used, dirty 
housings should have the excess of oil fluid rinsed out 
with two or three flushings of about one cup (per rinse) 
of carbon tetrachloride. The last rinse may be saved for 
the first wash of the following pieces. To remove ad-
hering carbonaceous matter after draining, the housing 
should be baked out in an oven up to 500° C. If the 
housing is not too caked, a rinse with pentane or acetone 
and gentle drying with warm air (in place of baking out 
in the oven) is sufficient. 
ALUMINUM JET ASSEMBLY—The jet assembly may be 
cleaned at the same time that the glass housing barrel is 
cleaned by inserting the assembly into the glass housing, 
pouring in the rinse solution and closing the top opening 
with a stopper. Agitate the solution by tilting and shak-

A typical- vacuum pmrnp, $yeterri, 
utilizing , an Eimac tiV-1:fusion 
Pump. 

The mechanical forePulrip sheuld be 
shockrnounted to minimize vibration 
The large rubber tubing--toietlings be-
tween the forepump anctitheArffusion 
pump serve to prevent any movement 
of the forepump from being fransrnit-
tecl to the diffusion pump, 

0001-ee 
F Pte 

ing the pump so that all parts are well washed over. Al-
ways remove the stopper and jet assembly after washing, 
prior to draining, baking or air drying. To further remove 
hard cabonaceous material. thç assembly, less baffle, 
should be placed in an annealing oven and heated care-
fully to 475° C, then allowed to cool slowly in air. 

BAFFLE—The baffle should be disassembled and all parts 
rinsed three times with pentane or acetone; the last two 
rinsings must be with clean solution. Follow with warm-
air drying. 

NEOPRENE GASKETS—Wash the gaskets in pentane or 
alcohol, then dry in oven at 110° C for 30 minutes. 

GLASS MANIFOLDS—Use the same procedure as for 
the glass housing barrel when feasible. However, usually 
washing with pure water and alcohol, followed by warm-
air drying, may be sufficient because there is less forma-
tion of carbonaceous matter here than in the case of the 
pump housing. 

Indicates change from sheet dated 6-1-50. 
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EIMAC HV-I DIFFUSION PUMP 

PART NO. NO RE0D ITEM 
D-3 2 NEOPRENE GASKET- 3" COUPLING 
D-9 1 NEOPRENE GASKET- I" COUPLING 
D-10 6 SPRINGS 
D -15 2 l' INSERT 
D -22 2 3« INSERT 
911 1 BAFFLE ASSEMBLY 
914 1 MANIFOLD ADAPTOR 
917 I PUMP BARREL ASSEMBLY 
4911 I JET ASSEMBLY 
7912 I 3: METAL FLANGE ASSEMBLY * 
7913 1 1 METAL FLANGE ASSEMBLY 61 
8911 I FORE -VAC NIPPLE 

'e 

* EACH FLANGE ASSEMBLY INCLUDES NECESSARY 

FLANGES, GASKETS, INSERTS, BOLTS AND HARDWARE 

8 
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SAN BRUNO, CALIFORNIA 

The Eimac 100 IG ionization gauge is designed for use in high vacuum 
exhaust systems, and will measure pressures from approximately 10 -3 millimeters 
of mercury to less than 10-8 millimeters of mercury. The Nonex glass envelope 
can be sealed directly to exhaust systems employing Nonex or Kovar-sealing 
glass and can be sealed to Pyrex by means of a graded seal. 

The 100 1G is a triode vacuum tube consisting of a pure tungsten filament 
and molybdenum grid and plate. No insulators are used within the tube, and the 
envelope is designed to provide long leakage paths between the plate and other 
tube elements. 

Positive ion current indications are obtained with either a sensitive galva-
nometer or a vacuum tube amplifier. A typical circuit employing an Eimac 100 
1G ionization gauge triode and a vacuum tube voltmeter is shown below. 

100 IG IONIZATION 
GAUGE TRIODE 

TO SYSTEM *--

5opa 
D-C AMMETER 
SCALE 0-100 

The filament temperature of the 100 IG must be low enough so that the emission is temperature-
limited. With a good vacuum, the filament voltage will be between 2.0 and 4.0 volts, and the filament 
current will be approximately 8.0 amperes. With a poor vacuum, it will be necessary to increase the fila-
ment voltage to approximately 7.5 volts, and the current will be about 12 amperes. (The tube should not 
be operated long at high filament voltage.) 
CAUTION: Filament voltage should not be applied until vacuum has been obtained as indicated by a 
spark coil glow test. 

If grid voltage is obtained from a rectified a-c power supply and if the line voltage is not stable, 
it will be desirable to employ a gaseous regulator tube. A positive voltage of 150 volts with respect to 
the filament and current of 5 milliamperes is standard for the 100 IG. 

The recommended plate voltage is -22.5 volts with respect to the filament. A plate voltage from -20 
to -45 volts will give satisfactory operation, but plate voltages of 0 to -20 volts will result in low and 
incorrect plate currents. 

In order to fully realize the capabilities of the 100 1G, it will be necessary to Make "R" in the above 
figure variable. One circuit that has been employed with success is a group of 6 resistors and a rotary 
switch arranged so that only one resistor is across the input to the vacuum tube voltmeter at a time. By 
selecting resistors that increase by a factor of 10, the 0-100 scale microammeter will change calibration 
by the same factor, and will be convenient to read. With resistance values of 500, 5K, 50K, 500K, 5 meg-
ohms and 50 megohms, the maximum (full scale meter deflection) input voltage to the vacuum tube volt-
meter will be 1/2 volt. 

The calibration of the gauge depends upon the composition of the gas in the system. For dry air the 
pressure is given by the following formula: 

Pressure (mm. of Hg) =lp (3.3 x 10-5) 
where 1p . . . . =Plate current in microamperes 
when Grid Voltage . = +150 volts 
Grid Current . . . =.005 amperes 
Plate Voltage . . =-22.5 volts 

A bake-out of the tube at 450° Centigrade and outgassing of the tube elements is necessary when-
ever the exhaust system has been opened to air or the elements need cleaning. Outgassing is accom-
plished by heating the grid and plate to a dull cherry red by either r-f induction or by direct electron 
bombardment. Recommended outgassing voltages for the 100 1G are as follows: 

Filament Outgassing Voltage (approximately) • • • • 8 volts 
Plate Outgassing Voltage 

812000 mvoalts Plate Outgassing Current 

The grid and a 1000 ohm resistor is placed in series with the plate during outgassing. The recom-
mended outgassing time is approximately five minutes, or until the pressure in the exhaust system has 
become stabilized. 

IONIZATION 

GAUGE 

TRIODE 

(Effective 6-15-53) Copyright 1953 by Eitel-McCullough, Inc. 
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EITEL-McCULLOUGH, INC. 
SAN BRUNO, CALIFORNIA 

PREFORMED CONTACT FINGER STOCK 

Eimac Preformed Contact Finger Stock is a prepared strip of spring 

material slotted and formed into a series of fingers designed to make 

sliding contact. 

Eimac Finger Stock is an excellent means of providing good circuit 

continuity when using components with adjustable or moving contact 

surfaces. It is especially suitable for making connections to tubes with 

coaxial terminals, or to moving parts, such as long-line and cavity type 

circuits; and it is also useful in acting as an electrical "weather-strip" 

around access doors to equipment cabinets. 

The material is a heat treated alloy; and is silver plated for better r-f 

conductivity. No further forming of the material should be attempted. 

Eimac Finished Finger Stock has a minimum radii of curvature of 1/2 " for 

the 17/32" type, and 3/4" for both the 31/32" 

and 1 - 7/16" types. It may be secured by any 

suitable mechanical means or by soft soldering. 

Eimac Finger Stock can be obtained to 

order in a raw state (punched, formed, un-

plated and not heat treated). The Raw Finger 

Stock can be formed to different shapes by the 

user but it then must be carefully heat treated. 

Finished Finger Stock receives a closely con-

trolled and uniform heat treatment as follows: 

375°-385°C. for 5 hours in a neutral gas atmo-

sphere. No special cooling considerations are 

necessary, except those required to avoid oxi-

dation. Eifel-McCullough will not undertake to 

heat treat or plate Raw Finger Stock after 

being further formed by a customer. For fur-

ther information concerning the heat treatment 

of the Finger Stock material, Alloy No. 720, 

write the supplier of the material: 

General Plate Division 

Metals and Control Corporation 

Attleboro, Massachusetts 

Standard lengths of either Raw or Finished 

Finger Stock are 1 foot, 2 feet and 3 (maxi-

mum) feet. Some small variation about the 

standard lengths should be expected. 

Eimac Tubes and 

Contact Surfaces 

for which Finger 

Stock is especially 

suitable. 

0 
& 

0 
Z 0 

w 11 X 
 . ›.- 

-il. c3 9, (1 

3W10.000A3 1-7/16 31/32 17/32 

3Vi5000A3 1-7/16 17/32 

3W5000F3 1-7/1i 17/32 

3X3000A1 1-7/16 17/32 

3X3000F1 1-7/16 

3X2500A3 1-7/16 17/32 

3X2500F3 1-7/16 

4X500A 31/32 31/32 

4X500F 31/32 

4X150A 17/32 17/32 

4X150D 17/32 17/32 

4X150G 17/32 17/32 

2C39A 17/32 

>Indicates change from sheet dated 9-15-51. 

(Effective 3-10-53) Copyright, 1953 by Eitel-McCullough, Inc. 



5 
32 8 

21 
32 

13 
64 

31 
32 
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31/32" TYPE 
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NOTE—The above dimensions should be regarded as carrying normal manufacturing tolerances because of variations in 
the shearing, forming and heat-treating processes 

I> Indicates change from sheet dated 9-15-51. Printed in USA 4-66915 


