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GENERAL SECTION

DIODES « RECTIFIERS
PULSE MODULATORS

TRIODES « TETRODES
KLYSTRONS

OTHER PRODUCTS

APPLICATION BULLETINS

general

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

This section contains general information applying to all Eimac
products. It includes a Quick Reference Catalog, Price Lists, Eimac
Tube Numbering System Chart, Tube Replacement Chart, Field
Engineer and Distributor lists.

Each of these sections include data sheets on current Eimac tube
types, listing mechanical and electrical characteristics, typical
operation data, and important application information.

Data on all other Eimac products are found in this section. It includes
information on Vacuum Capacitors, Air System Sockets and Chim-
neys, Contact Finger Stock, Heat Dissipating Connectors, Vacuum
Pump and other products.

Technical guides giving detailed information on the operation of
Eimac products in specific applications are found in this section. This
includes: Tube Performance Computor, Single Sideband, and other
timely bulletins.

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 engineers, whose combined knowledge and experience are at your service.
Additional contributions by this Eimac department are its Application Bulletins, a service which
you receive without obligation.

Fleld Eﬂglﬂeerlﬂg. Serving as an extension of the Application Engineering Department out-
side the Eimac plant, Eimac Field Engineers cover the United States, operating out of offices in
major cities. They will help you personally with experimental work, problems of technique, etc.
Engineers from Eitel-McCullough, Inc. are available, too, for field consultation throughout the
country. As Eimac tubes are world renowned, the same services extend to various countries over-
seas through the Eimac Export Department.

jelauas



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 number system. This
system is designed to convey descriptive information
about the tube.

In general, the type numbers consist of: a numeral in-
dicating the number of electrodes, one or more letters
denoting special characteristics, a numeral represent-
ing the plate dissipation, and a final letter to distin-

guish the tube from others bearing similar preceding
letters and numerals. Triode types carry an additional
number to indicate their approximate amplification
factor.

To illustrate the method of coding and the information
the type number conveys, a 100-watt, ceramic, ex-
ternal-anode, forced-air cooled Eimac triode, type
number 3CX10CA5, is broken down as follows:

3CXI00A5

Number of Electrodes Plate Amplification
9—Diode Dissipation Factor
3—Triode (Watts) 1-0 to 10
4—Tetrode 2—11 to 20
5—Pentode 3-21 to 30

4-31 to 50
5-51 to 100
6—101 to 200
7—201 to 500

Description
C —Ceramic Envelope (No Glass)
L —External Anode, Liquid Convection Cooling
N —External Anode, Natural Convection Air
Cooling
P —Primarily for Pulse Applications
*R —Internal Anode, Radiation Cooled
W—External Anode, Water Cooled
X —External Anode, Forced-Air Cooled

8-501 to 1000

Version
Distinguishes tubes which, al-
though alike as to number of elec-
trodes and plate dissipation, are
not necessarily interchangeable
physically or electrically.

°In older types, the dash, as in the case of the
4-950A, carries the meaning of “R” given above.

{Effective 4-3-58) Copyright 1950 By Eitel-McCullough, Inc.



Eimac Tube-Type Numbering System for

Power Klystrons

In general, Eimac power klystrons are described by a
coded numbering system similar to that used to iden-
tify negative-grid tubes.

The type numbers contain: a numeral indicating the
number of cavities along the beam, one or more
letters denoting the type of tube and special charac-
teristics if any, a numeral designating the collector

dissipation, and a pair of letters, the first describing
the frequency band in which the tube operates and the
second describing the sub-band in which it operates.

As an example, the type number describing an Eimac
four-cavity klystron with modulating anode and 50,-
000-watt collector, designed for use in the “L” band is
broken down as follows:

4KM50,000LR

Number of Cavities

Collector
Dissipation
In klystron catalog numbers as-
signed prior to May 1, 1961
this was expressed in watts. In

Sub-Band

those assigned since that date
it is expressed in kilowatts.

Description
K —Klystron
M—Utilizes Eimac Modulating
Anode
P —Primarily for Pulse Applica-

tions

Frequency Band
(Megacycles)

P—225 to 390
L—390 to 1550
S—1550 to 3900
C—3900 to 6200
X—6200 to 10,900
K—10,900 to 36,000
©—36,000 to 46,000
V—46,000 to 56,000

Describes useful frequency sub-
band. Since no standard sub-
band assignment system exists
Eimac has evolved its own.



EIMAC and EIA

TUBE NUMBER

—
CROSS REFERENCE
SHEET
May, 1965
Eimac No. EIA No. EIA No. Eimac No.
3-200A3. e 592 G B S — 4-125A
SIS ———— AB27A . 5-125B
3-1000Z. e D22 e = i e o 4-250A
3CPNI10AS. .. 2 . ek rerrr————— 3-200A3
3CPX100AS5.. 7034 ... 4X150A
3CX100A5_ .. (03015 N —— 4X150D
(@ G| {0](0] ) R ————E—— 7208 s 4CX250B
3CX1000A7. e, 7204, . 4CX250F
3CX10,000A1 .. 2B prrrrs g - eresommrrseers 3CX100A5
3CX10,000A3 7580W. . 4CX250R
3CX10,000A7 o 8160 7815 L 3CPN10AS
3W5000A1 /LG S . N 3CPX100AS5
3W5000F1 815 Bttt 3CX10,000A1
BWS000A3 . s 8242 BB, sane g o 3CX10,000A3
3WS5000F3 . i 8243 8160, .. .. .....3CX10,000A7
3X2500A3 i 8161 3X2500A3
3X2500F3 . i 8251 3X3000F7
3X3000AT ... 8238 3-400Z
3X3000FT . 8239 3-1000Z
4-65A
4-1000A
4ACX300A
S— _..4CX1000A
4CX3000A
4CX5000A
ACPX250K e 8590 4CX5000R
ACV100,000C ... 8351 4CX10,000D
ACW2000A i 8244 4X150G
ACW50,000C .o 8350 4W20,000A
ACX250B. e, 7203 4PR65A
ACK250F e 7204 4PR400A
(U9 CO) 58] (RN RS 8245 4PR1000A
ACX250M e 8246 3X3000A1
ACX250R s 7580W _.3X3000F1
ACXB300A . i 8167 3W5000A1
4CX300Y - 3W5000F1
ACX350A e 8321 3W5000A3
P T (7210 S —— 8322 3W5000F3
ACXT1000A ..o, 8168 4CW2000A
ACXY000K. . 4CX250K
4CX3000A.. ACX250M
ACX5000A i, 4PR125A
ACX5000R e 4PR250C
4CX10,000D..... 4W3008B
4CX15000A. ... ooeeeeee....828V 0 BLoU 3CX100F5
ACX35,000C .. 3X2500F3
4PR60B 4PR60B
APROSA il 8187 4CX15,000A
P2 g (725 - RN SS———————. 847 00000 BB - 3CX1000A7
4PR250C 4X150R
APRA0OOA e 8188 4X150S
APRTIOOOA i 8189 4CX350A
_— 4W3008 4CX350F
\ 4W20,000A ..4CX35,000C
AXT50A e 7034 B3 4CW50,000C
AXT150D i 7035 0 B3 4CV100,000C
4X150G .. 4CX1000K
4X150R... 4-400A
AXVE0S........cosataemcaeonmesmeias o 4CX300Y
51258 e AB27A B0 4CPX250K






EIMAC

A Division of Varian Associates
SAN CARLOS, CALIFORNIA

EIMAC and EIA

POWER GRID TUBE NUMBER
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EIMAC EIA POWER GRID TUBE

EIMAC to EIA

N

Eimac No. EIA No. Eimac No. EIA No. Eimac No. EIA No.
KY21A .. s 3X3000A7.. ... _ 4PR65A.. ... 8187
RX21A ... ... _ 3X3000F1............... 8239 4PR125A..... ... 8247
2-01C_ ... _ 3X3000F7 ... ... ........ 8162 4PR250C................ 8248
2-25A . —_ 4-65A. ... 8165 4PR400A. .. _......_... 8188
2-50A . —_— 4-125A. ... 4D21 4PR1000A.............. 8189
2-150D..... _— 4-250A ... 5D22 4PR1000B............._ —
2-24QA. .. _ 4-400A. ... 8438 4W300B................ 8249
2-450A ... _ 4-1000A.. ... 8166 4W20,000A ... 8173
2-2000A... ... —_ 4CPX250K. . ........._... 8590 4X150A. ... 7034
2C39A. .l 2C39A 4CS250H._................ s 4X150D... ... 7035
2C39WA ... 2C39WA 4CV8000A__.....____.. s 4X150G__.. ... 8172
2X1000A.... ... _— 4CV20,000A............ —— 4X150R.. ... 8296
2X3000F ... —_ 4CV35,000A.. ... — 4X150S_... .. 8297
322 i, _— 4CV100,000C.......... 8351 4X500A.. ... s
3C24. ... 3C24 4CWS800A. ... —_ 5-125B... ... 4E27A
3-200A3............ 592 4CW2000A . _......_... 8244 5-500A. ... —_
3-400Z... ... 8163 4CW10,000A... .. — 5CX1500A. ... ... _
3-1000Z.. . ............. 8164 4CW25,000A. ... — S5CX3000A..... ... —_
3CPNI10A5. ... 7815 4CW50,000C._....__.. 8350 6C21 ... 6C21
3CPX100AS5..........._. 7815R 4CW100,000D......._. — 20T . 25T
3CV30,000A1.......... — 4CX125C. ..o —_—— 30T . 35T
3CV30,000A3.......... — 4CX125F............._. — 35TG...eeec, 35TG
3CW20,000A1........ —_ 4CX250B................ 7203 T5TH....ee . 75TH
3CW20,000A3......... _— 4CX250F.... ........... 7204 75TL. .. 75TL
3CW20,000A7......... _ 4CX250K ... 8245 100R..... .. 8020
3CW20,000H3......... —— 4CX250M..... ... 8246 100TH................... 100TH
3CW25,000A3......... — 4CX250R..............._. 7580W 100TL.......c . 100TL
3CW30,000H3...___... — 4CX300A.............. 8167 152TH.... ... 152TH
3CX100A5............. 7289 4CX300Y......coooo. 8561 152TL. . 152TL
3CX100F5............._. 8250 4CX350A.............. 8321 250R...... —_——
3CX1000A7 ........._.. 8283 4CX350F ................ 8322 250TH.... ... 250TH
3CX2500A3.......... 8161 4CX600A............... — 250TL.................. 250TL
3CX2500F3...........__ 8251 4CX1000A_............ 8168 253, 253
3CX10,000A1.......... 8158 4CX1000K.............. 8352 304TH..............._.... 304TH
3CX10,000A3......... 8159 4CX15008B.............. 8660 304TL..... ... 304TL
3CX10,000A7.......... 8160 4CX3000A............... 8169 450TH. ... 450TH
3CX15,000A3.......... —_ 4CX5000A.............. 8170 450TL. ..o 450TL
3W5000A1............... 8240 4CX5000R............... 8170W 750TL... oo 750TL
3W5000F1..........._.. 8241 4CX10,000D.........__. 8171 1000T.................. 1000T
3WS5000A3............... 8242 4CX15,000A............ 8281 1500T.... ... 1500T
3W5000F3............... 8243 4CX35,000C............ 8349 2000T................... 2000T
3X3000A1................ 8238 4PR60B.. ... ... 8252




NUMBER CROSS-REFERENCE LIST

EIA to EIMAC

AN

e

EIA No.

Eimac No.

EIA No. Eimac No.
6697A. ... —_

6884 ... _

6894. ... .. —_

6895 . ... ... _

7034 ... 4X150A
7035, e 4X150D
7203 .. 4CX250B
7204. ... ... 4CX250F
7211 e

7289 ... 3CX100A5
7480 ... —_
7580W... ... 4CX250R
7698.. oo —_

7815, e, 3CPN10A5
7815R.............. 3CPX100A5
7843 ... —_
8020............... 100R

8158 . ... 3CX10,000A1
8159 .. ... 3CX10,000A3
8160.............. 3CX10,000A7
8161 ........... 3CX2500A3
8162............ 3X3000F7
8163........ ... 3-400Z
8164.............. 3-1000Z
8165.............. 4-65A

8166. ... ... 4-1000A
8167.. ... 4CX300A
8168.....cccco...... 4CX1000A
8169.. ... 4CX3000A
8170 ..o 4CX5000A
8170W_......... 4CX5000R
8171 ... 4CX10,000D
8172 .. ... 4X150G

EIA No. Eimac No.
8173 it 4W20,0000A
8187 . ... 4PR65A
8188... ... 4PR400A
8189............... 4PR1000A
8238 . ..o 3X3000A1
8239......o.. 3X3000F1
8240. ... 3W5000A1
8241 ... 3W5000F 1
8242 ... 3W5000A3
8243.............. 3W5000F3
8244. ... ... 4CW2000A
8245 ... ... 4CX250K
8246.... .. ... 4CX250M
8247 ... 4PR125A
8248. ... 4PR250C
8249 . ... 4W300B
8250...cccoeenn. 3CX100F5
8251 ... 3CX2500F3
8252 ... 4PR60B
8281............... 4CX15,000A
8283 ... ... 3CX1000A7
8296 ...... ... 4X150R
8297 oo 4X150S8
8321 ... 4CX350A
8322 ... . 4CX350F
8349.. ... 4CX35,000C
8350.............. 4CW50,000C
8351 . ccoone. 4CV100,000C
8352 ..coonn. 4CX1000K
8438. ... 4-400A
8561................ 4CX300Y
8590.............. 4CPX250K
8660............... 4CX1500B
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POWER GRID TUBE SELECTION GUIDE

The EIMAC Power Grid Tube Selection Guide is
arranged for ease in making type selections by use
rather than tube type. The Guide is applications-oriented.

Tube types are listed according to the principal
modes of service for which they are rated. Under each
mode of service, EIMAC tube types suitable for the
application are tabulated in descending order of the
most significant tube parameter in the left hand column.
For example, in the POWER AMPLIFIER tabulation
tube types are listed in descending order of typical rf

RADIO FREQUENCY POWER AMPLIFIER

power output; PULSE REGULATOR tubes are listed in
descending order of peak current capability. This format
places emphasis on tube application and facilitates com-
parison in terms of the significant ratings of the EIMAC
types available for a given application.

After preliminary selection of a tube type (or types)
from the Guide. the final choice should be based upon
the complete ratings from the EIMAC data sheet for the
tube in question and consultation with the EIMAC Appli-
cation Engineering Department.

Linear Service

Inter-Mod.
Peak Env. Rated Frequency* Distortion EIMAC
Powert Plate F1/ Upper Typicalt Type Tube
Typical Diss. Useful 3rd 5th Cooling Number Type
(kW—W) (KkW—W) (MHz) (dB) (dB)
1180 kW 1250 kW 30/50 — — water 8974/X-2159 Tetrode
600 kW 650 kW 50/100 — — water 8973/X-2170 Tetrode
230 kW 250 kW 30/50 -31 —43 vapor 4CV250,0008 Tetrode
230 kW 250 kW 30/50 -31 —43 water 4CW250,0008 Tetrode
168 kW 100 kW 108/150 — — water 4CW100,000E Tetrode
123 kW 100 kW 30/50 -26 -40 vapor 4CV100,000C Tetrode
55 kW 35 kW 30/50 -30 -40 air 4CX35,000C Tetrode
45 kW 50 kW 110/200 —46 -60 vapor 4CV50,000J Tetrode
45 kW 50 kW 110/200 —-46 -60 water 4CW50,000J Tetrode
27.5 kW 20 kW 110/220 — — air 3CX20,000A7 Triode?
17 kW 15 kW 110/220 -40 -39 air 3CX15,000A7 Triode’
17 kW 20 kW 140/220 -40 -39 water 3CW20,000A7 Triode’
17 kW 10 kW 140/220 -40 -39 air 3CX10,000A7 Triode’
12 kW 15 kW 110/220 -41 -41 air 4CX15,000J Tetrode
10.5 kW 10 kW 100/220 -35 -40 air 4CX10,000J Tetrode
10 kW 10 kW 250/— — e air 3CX10,000U7 Triode' 2
10 kW 5 kW 100/220 -30 -38 air 4CX5000R Tetrode
5.8 kW 3 kW 150/220 —-40 —43 air 5CX3000A Pentode
5.5 kW 3 kW 110/— -51 -45 air 3CX3000A7 Triode’
5.3 kW 3 kW 150/220 -32 -36 air 4CX3000A Tetrode
3.3 kW 5 kW 100/220 -41 —44 air 4CX5000J Tetrode
2060 W 1 kW 220/400 -31 -39 air 3CX1000A7 Triode’
2050 W 1500 W 220/400 -38 —44 air 3CX1500A7/8877 Triode'
2030 W 1500 W 500/— -44 —44 air 8938 Triode’
1785 W 1500 W 110/220 -33 -42 air 5CX1500A Pentode
1160 W 1000 W 110/220 —43 -47 air 4CX1500B Tetrode
1080 W 1000 W 110/— -29 -37 air 3-1000Z Triode’
740 W 500 W 110/— -40 —45 air 3-500Z Triode'
645 W 500 W 110/— -33 -41 air 5-500A Pentode
590 W 200 W 500/900 -35 -36 conduction 8873 Triode’
590 W 400 W 500/900 -35 -36 air 8874 Triode'
590 W 300 W 500/900 -35 -36 air 8875 Triode’
590 W 400 W 110/— —28 -35 air 3-400Z Triode’
580 W 600 W 30/— —43 —43 air 4CX600J Tetrode
495 W 400 W 110/— = = air 4-400C Tetrode
350 W 350 W 500/— -27 -50 air 8930 Tetrode
295 W 250 W 500/— -25 -30 air 4CX250R Tetrode
295 W 250 W 500/— -25 -30 conduction 4CS250R Tetrode
263 W 350 W 30/220 -30 -35 air 4CX350A Tetrode
263 W 350 W 30/220 -30 -35 air 4CX350F Tetrode
263 W 350 W 30/220 —40 —45 air 4CX350FJ Tetrode

$Plate power output, caiculated or measured at low frequency.

*F1 is the maximum frequency at which maximum ratings apply. Operation at the upper useful frequency normally involves operation at

reduced plate voltage and reduced plate input power.

tCalculated or measured by two-tone method at 2.0 MHz.

1. Cathode driven.

2. VHF TV



Class C, CW or FM Service

RF POWER AMPLIFIER

Plate Pwr. Rated Frequency* EIMAC

Output Plate F1/ Upper Power Type Tube
Typical* Diss. Useful Gain* Cooling Number Type
(kW—W) (kW—W) (MHz)

1650 kW 1250 kW 30/50 x200 water 8974/X-2159 Tetrode
1050 kW 650 kW 50/100 x300 water 8973/X-2170 Tetrode
460 kW 250 kW 30/50 x150 vapor 4CVv250,0008 Tetrode
460 kW 250 kW 30/50 x150 water 4CW250,0008 Tetrode
220 kW 100 kW 108/150 x1800 water 4CW100,000E Tetrode
168 kW 100 kW 30/50 x1350 vapor 4CVv100,000C Tetrode
165 kW 100 kW 30/50 x140 water 4CW100,000D Tetrode
137 kW 50 kW 110/220 x900 vapor 4CV50,000€ Tetrode
137 kW 50 kW 110/220 x900 water 4CW50,000E Tetrode
110 kW 35 kW 30/50 x425 air 4CX35,000C Tetrode
64 kW 20 kW 90/150 x66 air 3CX20,000A3/H3 Triode
42 kW 25 kW 100/150 x37 water 3CW25,000A3 Triode
38 kW 20 kW 110/220 x170 air 4CX20,000A/8990 Tetrode
36.5 kW 15 kW 110/225 x166 air 4CX15,000A Tetrode
30 kW 15 kW 100/150 x45 air 3CX15,000A3 Triode
25 kW 15 kW 110/160 x50 air 3CX15,000A7 Triode
24.5 kW 10 kW 140/200 x6 air 3CX10,000A3 Triode’
24.5 kW 20 kW 140/200 x6 water 3CW20,000A3 Triode’
22.5 kW 10 kW 160/— x15 air 3CX10,000A7 Triode
20 kW 15 kW 220/— x850 air 8989 Tetrode
16 kW 5 kW 100/220 x1050 air 4CX5000A Tetrode
16 kW 10 kW 100/220 x1050 air 4CX10,000D Tetrode
16 kW 10 kW 100/220 x1050 water 4CW10,000A Tetrode
16 kW 5000 W 100/220 x1050 air 4CX5000R Tetrode
11 kW 3000 W 30/100 x260 air 4CX3000A Tetrode
10 kW 4000 W 75/150 x73 air 3CX2500A3/F3 Triode
10 kW 5000 W 75/150 x73 water 3CWS5000A3/F3 Triode
8500 W 3000 W 150/220 x160 air 5CX3000A Pentode
3400 W 1000 W 110/— x225 air 4-1000A Tetrode
3200 W 1500 W 110/220 x350 air 4CX1500A Tetrode
3180 W 1500 W 110/220 x350 air 5CX1500A Pentode
2600 W§ 1500 W 250/— x33 air 3CX1500A7/8877 Triode’
1500 W§§ 1500 W 500/— x30 air 8938 Triode'
1265 W 500 W 110/— x140 air . 4-500A Pentode
1100 W 400 W 110/— x190 air 4-400C Tetrode
1000 W 250 W 110/— x190 air 4-250A Tetrode
840 W 350 W 100/150 x31 air 5867A Triode
805 W 500 W 110/— x67 air 4-500A Tetrode
600 W 300 W 110/220 x158 air 4CX300Y Tetrode
500 W 300 W 500/— x177 air 4CX300A Tetrode
450 W 350 W 500/— x190 air 8930 Tetrode
380 W 250 W 500/— x190 conduction 4CS250R Tetrode
380 W 250 W 500/— x130 air 4CX250B/FG Tetrode
380 W 250 W 500/1500 x130 air 4CX250K/M Tetrode
380 W 250 W 500/— x190 air 4CX250R Tetrode
380 W 250 W 150/500 x130 air 4X150A/7609 Tetrode
375 W 125 W 120/— x150 air 4-125A Tetrode
320 W 200 W 500/— x35 conduction 8873 Triode
320 W 400 W 500/— x35 air 8874 Triode
320 W 300 W 500/— x35 air 8875 Triode
300 W 600 W 1000/— x31.5 air 3CX600U7 Triode
270 W 65 W 150/— x160 convection 4-65A Tetrode
216 W 400 W 1000/— x11.5 air 3CX400U7 Triode?

*Power output and power gain are calculated or measured at low frequency.

tF1 is the maximum frequency at which maximum ratings apply. Operation at the upper useful frequency normally involves operation at

reduced anode voitage and reduced plate input power.
§Power output shown is measured useful, delivered to load, at 104 MHz.

§§Useful power output, measured at 430 MHz.

1. Cathode driven.

2. 900 MHz.
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R F POWER AMPLIFIER

Class C—Plate Modulated Service

Carrier Pwr. Plate Diss. Frequencyt EIMAC

Output at Typical F1/ Upper Power Type Tube
Typical* Conditions Usetul Gain* Cooling Number Type

(kW—W) (kW—W) (MHz)

1375 kW 300 kW 30/50 x200 water 8974/X-2159 Tetrode
700 kW 160 kW 50/100 x290 water 8973/X-2170 Tetrode
285 kW 119 kW 30/50 x120 vapor 4CVv250,0008 Tetrode
285 kW 119 kW 30/50 x120 water 4CW250,000B Tetrode
140 kW 47 kW 30/50 x110 vapor 4CV100,000C Tetrode
140 kW 35 kW 108/150 x260 water 4CW100,000E Tetrode
138 kW 22 kW 30/50 x160 water 4CW100,000D Tetrode
110 kW 22 kW 110/220 x160 water 4CW50,000E Tetrode
110 kW 22 kW 110/220 x160 vapor 4CV50,000E Tetrode
55 kW 13 kW 30/50 x440 air 4CX35,000C Tetrode
29 kW 7 kW 30/— x800 air 8990A Tetrode
27.5 kW 7.5 kW 90/150 x18 air 3CX20,000A3 Triode
27.5 kW 7.5 kW 90/150 x18 air 3CX20,000H3 Triode
23.5 kW 5.8 kW 110/225 x155 air 4CX15,000A Tetrode
23.5 kW 5.8 kW 110/225 x155 vapor 4CV35,000A Tetrode
18.0 kW 5.4 kW 100/150 x37 air 3CX15,000A3 Triode
12.4 kW 2.6 kW 140/200 x24 air 3CX10,000A3 Triode
8.5 kW 3.5 kW 100/220 x230 air 4CX10,000D Tetrode
8.5 kW 3.5 kW 100/220 x230 air 4CX5000A Tetrode
8.5 kW 3.5 kW 100/220 x230 air 4CX5000R Tetrode
5.75 kW 1.25 kW 150/220 x190 air 4CX3000A Tetrode
5300 W 950 W 75/150 x45 air 3CX2500A3/F3 Triode
2630 W 670 W 110/— x290 air 4-1000A Tetrode
2320 W 780 W 110/220 x230 air 4CX1500A Tetrode
1960 W 575 W 110/220 x195 air 5CX1500A Pentode
1765 W 485 W 110/— x50 air 3-1000Z Triode
830 W 245 W 110/— x140 air 4-500A Tetrode
785 W 280 W 110/— x110 air 5-500A Pentode
640 W 185 W 110/— x25 air 3-500Z Triode
630 W 195 W 110/— x190 air 4-400C Tetrode
510 W 165 W 110/— x160 air 4-250A Tetrode
300 W 80 W 120/— x90 air 4-125A Tetrode
300 W 200 W 110/220 x175 air 4CX300Y Tetrode
270 W 280 W 500/— x160 air 8930 Tetrode
235 W 65 W 500/— x160 conduction 4CS250R Tetrode
235 W 65 W 500/— x135 air 4CX2508 Tetrode
235 W 65 W 500/— x135 air 4CX250FG Tetrode
235 W 65 W 500/1500 x135 air 4CX250K Tetrode
235 W 65 W 500/1500 x135 air 4CX250M Tetrode
235 W 65 W 500/— x160 air 4CX250R Tetrode
235 W 65 W 500/— x135 air 4CX300A Tetrode
235 W 65 W 150/500 x135 air 4X150A Tetrode
235 W 65 W 150/500 x135 air 7609 Tetrode
210 W 45 W 150/— x65 convection 4-65A Tetrode

‘Power output and power gain are calculated or measured at low frequency.

tF1 is the maximum frequency at which maximum ratings apply. Operating at the upper useful frequency normally involves operation at
reduced plate voltage and reduced plate input power.



INDUSTRIAL SERVICE

Class C—Oscillator or Amplifier

Plate Pwr. Rated Filament Frequencyt EIMAC

Output Plate Heating F1/ Upper Type Tube
Typical* Diss. Power Useful Cooling Number Type
(kW—W) (kW—W) (Watts) (MHz)

1600 kW 1000 kW 26640 30/60 water 8972/X-2176 Triode
750 kW 500 kW 13320 30/60 water 8971/X-2177 Triode
70 kW 40 kW 1600 90/— water 3CW40,000H3 Triode
60 kW 20 kW 1600 90/— air 3CX20,000H3 Triode
42 kW 30 kW 1020 90/— water 3CW30,000H3 Triode
42 kW 30 kW 1020 100/— vapor 3CV30,000H3 Triode
41.2 kW 15 kW 1020 90/— air 3CX15,000H3 Triode
29 kW 10 kW 742 90/— air 3CX10,000H3 Triode
28 kW 20 kW 742 90/— water 3CW20,000H3 Triode
20.6 kW 10 kW 566 90/— water 3CW10,000H3 Triode
18.6 kW 5 kW 566 90/— air 3CX5000H3 Triode
10 kW 5 kW 379 75/150 water 3CW5000H3 Triode
8.3 kW 4.5 kW 550 75/— air 3CX4500A3/H3 Triode
5 kW 2.5 kW 379 75/150 air 3CX2500A3/F3/H3 Triode
2.0 kW 1.0 kW 150 100/— air 3-1000H Triode
1.2 kW 300 W 125 40/80 air 304TL Triode
680 W 350 W 70 100/— air 5867A Triode

*Plate power output, calculated or measured at low frequency.
tF1 is the maximum frequency at which maximum ratings apply. Operation at the upper useful frequency normaily invoives operation at
reduced plate voltage and reduced plate input power.



REGULATOR SERVICE

Voltage or Current

Maximum Maximum Minimum Rated EIMAC

Pass Hold-off Tube Plate Type Tube
Current Voltage * Drop Diss. Cooling Number Type
(Adc) (kVdc) (Vdc) (kW—W)

300 40 kV 3000 1250 kW water 8974/X-2159 Tetrode
150 40 kV 2500 650 kw water 8973/X-2170 Tetrode
90 130 kV 2000 1000 kW water 9009/X-2062K Tetrode
90 100 kV 2000 300 kW water 9008/X-2062J Tetrode
50 40 kV 4400 250 kW water 4CW250,0008 Tetrode
35 40 kV 2700 100 kW water 4CW100,000E Tetrode
30 40 kV 3300 100 kW water 4CW100,000D Tetrode
15 35 kV 3000 50 kW water 4CW50,000€E Tetrode
15 40 kv 2200 35 kW air 4CX35,000C Tetrode
7.5 10 kV 1500 20 kW water 3CW20,000A1 Triode
7.5 20 kV 1200 20 kW water 3CW20,000A7 Triode
7 10 kV 1300 12 kW air 3CX10,000A1 Triode
6 20 kv 800 25 kW water 4CW25,000A Tetrode
4 20 kv 500 15 kW air 3CX15,000A7 Triode
4 15 kv 2000 10 kW water 4CW10,000A Tetrode
3 12 kV 1300 5000 w water 3CW5000A1 Triode
2 12 kV 1000 3000 W air 3CX3000F1 Triode
2 6 kV 1000 2000 W water 4CW2000A Tetrode
1 8 kV 250 1500 W air 3CX1500A7 Triode
1 6 kV 500 1000 W air 4CX1000A Tetrode
1 6 kV 500 800 W water 4CwW800B Tetrode
1 6 kV 500 800 W water 4CWB00F Tetrode
0.8 4.5 kV 300 400 W air 8874 Triode
0.8 4.5 kV 300 300 W air 8875 Triode
0.8 4.5 kV 300 200 W conduction 8873 Triode
0.6 30 kV 500 100 W air 4PR1000A Tetrode
0.6 8 kV 400 500 W air 3-500Z Triode
0.2 20 kV 1800 400 W air 4PR400A Tetrode
0.2 50 kV 1000 250 W air 4PR250C Tetrode
0.1 18 kV 1200 125 W air 4PR125A Tetrode
0.1 15 kV 500 65 W convection 4PR65A Tetrode

*Consuit EIMAC Application Engineering Department at the appropriate plant for regulator range characteristics.



RF POWER AMPLIFIER

Grid Pulsed Service

Peak RF Rated Frequencyt Maximum Maximum EIMAC

Pwr. Output Plate F”Upper Plate Plate Type Tube
Typical® Diss. Useful Voltage Current’ Cooling Number Type
(kW—W) (kW—W) (MHz) (kVdc) (A)

3900 kW 1250 kW 30/50 30 195 water 8974/X-2159 Tetrode
2000 kW 650 kW 50/100 30 100 water 8973/X-2170 Tetrode
1000 kW 100 kW 108/150 30 50 water 4CW100,000E Tetrode
500 kW 50 kW 110/220 30 33 vapor 4CV50,000E Tetrode
500 kW 50 kW 110/220 30 33 water 4CW50,000E Tetrode
160 kW 15 kW 110/225 12 20 air 4CX15,000A Tetrode
80 kW 10 kW 110/220 10 13 air 4CX10,000D Tetrode
80 kW 10 kW 110/220 10 13 air 4CX5000A Tetrode
80 kW 10 kW 100/220 10 13 air 4CX5000R Tetrode
34 kW 1.0 kW 110/— 15 3.5 air 4PR1000A Tetrode
28 kW* 250 W 500/1500 7 6.0 air 4CPX250K Tetrode
28 kW 250 W 500/1500 7 6.0 air 4CX250K Tetrode
28 kW* 250 W 500/1500 7 6.0 air 4CX250M Tetrode
26 kW 1500 W 500/— ) 8 air 8938 Triode
11 kW 400 W 110/— 10 1.7 air 4PR400A Tetrode
10 kWi 250 W 500/1500 5.5 0.8 air 4CPX250K Tetrode
4000 W 125 W 120/— 9 0.7 air 4PR125A Tetrode
2600 W 300 W 110/220 3 1.3 air 4CX300Y Tetrode
2000 W 65 W 150/— 7.5 0.4 convection 4PR65A Tetrode
1600 W 200 W 500/— 3 0.8 conduction 8873 Triode
1600 W 400 W 500/— 3 0.8 air 8874 Triode
1600 W 300 W 500/— 3 0.8 air 8875 Triode
1600 W 250 W 500/— 3 0.8 air 4CX2508 Tetrode
1600 W 250 W 500/— 3 0.8 air 4CX250F Tetrode
1600 W 250 W 500/1500 3 0.8 air 4CX250K Tetrode
1600 W 250 W 500/1500 3 0.8 air 4CX250M Tetrode

SAverage during the puise. Power output data is plate power (does not include circuit losses), calculated or measured at low frequency.

t F1 is the maximum frequency at which maximum ratings apply. Operation at the upper useful frequency normally involves operation at
reduced plate voltage and reduced plate power input.

*Plate and screen-grid pulsed.

} Cathode driven, screen pulsed.



AF POWER AMPLIFIER OR MODULATOR SERVICE

Plate Diss.

AF Pwr. Output at Typical Driving EIMAC

C Typical Conditions Class of Power Type Tube
(2 tubes) Per Tube Service (2 tubes) Cooling Number Type
(kW—W) (kW—W) )
1900 kW 420 kW AB1 0 water 8974/X-2159 Tetrode
950 kW 210 kW AB1 0 water 8973/X-2170 Tetrode
660 kW 260 kW AB1 0 vapor 4CV250,000B Tetrode
660 kW 260 kW AB1 0 water 4CW250,000B Tetrode
246 kW 57 kW AB1 0 vapor 4CV100,000C Tetrode
246 kW 57 kW AB1 0 water 4CW100,000D Tetrode
200 kW 46 kW AB1 0 water 4CW100,000E Tetrode
195 kW 42 kW AB1 0 water 4CW50,000E Tetrode
195 kW 42 kW AB1 0 vapor 4CV50,000E Tetrode
195 kW 42 kW AB1 0 vapor 4CV50,000J Tetrode
195 kW 42 kW AB1 0 water 4CW50,000J Tetrode
70 kW 20 kW AB1 0 air 4CX35,000C Tetrode
66 kW 20.5 kW AB1 0 vapor 4CV35,000A Tetrode
57 kW 14 kW AB1 0 water 4CW25,000A Tetrode
57 kW 14 kW AB1 0 air 4CX15,000A Tetrode
31.9 kW 9 kW AB1 0 air 4CX10,000D Tetrode
29.1 kW 10 kW AB1 0 air 3CX10,000A1 Triode
29.1 kW 10 kW AB1 0 water 3CW20,000A1 Triode
17.5 kW 4,20 kW AB1 0 air 4CX5000A Tetrode
17.5 kW 4.20 kW AB1 0 air 4CX5000R Tetrode
14.5 kW 4.75 kW AB1 0 vapor 4CV8000A Tetrode
13.0 kW 2.50 kW AB2 113 water 3CWS5000A3/F3 Triode
13.0 kW 2.50 kW AB2 113 air 3CX2500A3/F3 Triode
11.4 kW 3.30 kW AB1 0 air 4CX3000A Tetrode
10.0 kW 2.95 kW AB1 0 water 3CW5000A1/F1 Triode
10.0 kW 2.95 kW AB1 0 air 3CX3000A1/F1 Triode
3.90 kW 900 W AB2 4.7 air 4-1000A Tetrode
3.22 kW 920 W AB1 0 air 5CX1500A Pentode
3.20 kW 920 W AB1 0 air 4CX1500A Tetrode
1.72 kW 500 W AB1 0 air 4-500A Tetrode
1.66 kW 458 W AB1 0 air 5-500A Pentode

‘ 1.75 kW 400 W AB2 3.5 air 4-400C Tetrode
1.42 kW 445 W AB2 25 air 3-500Z Triode
1.31 kW 340 W AB2 26 air 3-400Z Triode
1.04 kW 190 W AB2 1.9 air 4-250A Tetrode
800 W 225 W AB1 0 air 4CX300A Tetrode
780 W 350 W AB1 0 air 8930 Tetrode

4CX250BC
. 4CX250F
600 W 200 W AB1 0 air 4X150A Tetrode
7609

400 W 125 W AB2 1.0 air 4-125A Tetrode
270 W 63 W AB2 1.3 convection 4-65A Tetrode




SWITCH TUBE OR PULSED REGULATOR SERVICE

Peak Maximum Rated EIMAC

Plate Hold-off Plate Type Tube
Current* Voltage Diss.* Cooling Number Type
(A) (kVdc) (kW—W)

780 60 1250 kW water 8974/X-2159 Tetrode
400 60 650 kW water 8973/X-2170 Tetrode
300 40 250 kW water 4CwW250,000B Tetrode
150 130 1000 kW water 9009/X-2062K Tetrode
150 100 400 kW water 9008/X-2062J Tetrode
150 75 100 kW water Y-676A Tetrode
150 60 35 kW air Y-546 Tetrode’
150 60 100 kW water Y-647 Tetrode?
150 40 100 kW water 4CW100,000D Tetrode
150 60 100 kW water Y-676 Tetrode?
150 40 100 kW water 4CW100,000E Tetrode
150 40 35 kW air 4CX35,000C Tetrode
100 35 50 kW water 4CW50,000E Tetrode
100 35 50 kW vapor 4CV50,000€ Tetrode
70 20 25 kW water 4CW25,000A Tetrode
60 20 15 kW air 4CX15,000A Tetrode
60 30 15 kW air Y-456 Tetrode*
50 30 25 kW water Y-569 Tetrode®
50 15 1.5 kW air 3CPX1500A7 Triode
40 15 10 kW air 4CX10,000D Tetrode
40 20 20 kW water 3CW20,000A7 Triode
40 15 5 kW air 4CX5000A Tetrode
40 15 5 kW air 4CX5000R Tetrode
40 25 10 kW water Y-442 Tetrode®
25 20 3 kW air 4CX3000A Tetrode
18 20 60 W air 4PR60C Tetrode
15 10 3 kW air 3CX3000A7/F7 Triode
12 4 600 W air 4CX600B/F Tetrode
12 4 800 W water 4CWB800B/F Tetrode
12 15 750 w air 8941 Planar Triode
12 8 750 W air 8942 Planar Triode
12 4 750 W air 8940 Planar Triode
10 50 1.0 kW air 8960 Tetrode
10 7 1.5 kW air 4CX1500A Tetrode
8 30 1.0 kW air 4PR1000A Tetrode
8 40 1.0 kW air Y-364 Tetrode’
8 7.5 (oil) 600 W air or oil 8954 Tetrode
6 12 150 W air Y-518 Planar Triode
6 7 250 W air 4CPX250K Tetrode
6 4 150 W air Y-519 Planar Triode
5 12 150 W air Y-540 Planar Triode
5 10 150 W air 8755 Planar Triode
5 4 150 W air 8847A Planar Triode
) 3.5 100 W air 7211 Planar Triode
) 3.5 150 W air 8757 Planar Triode
) 3.5 100 W air 8403 Planar Triode
4 50 250 W air 4PR250C Tetrode
4 20 400 W air 4PR400A Tetrode
3 10 400 W air Y-504 Triode®
3 4.5 100 W air 7815RAL Planar Triode
3 3.5 100 W air 7815R Planar Triode
3 3.5 100 W air 7855 Pianar Triode
2.1 18 125 W air 4PR125A Tetrode
1.5 4.5 100 W air 8745 Planar Triode
1.2 15 65 W convection 4PR65A Tetrode

'Specially processed 4CX35,000C
“Specially processed 4CW100,000D
*Specially processed 4CW100.000E
‘Specially processed 4CX15,000A

SPrototype 4CW25.000A
*Specially processed 4CX5000R
’Specially processed 4PR1000A
*Specially processed 3-4002

"Contact EIMAC Application Engineering Department at the appropriate plant for peak pulse ratings.
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TUBE PERFORMANCE COMPUTOR FOR R-F AMPLIFIERS (CLASS B, C, AND FREQUENCY MULTIPLIERS)

It is quite easy to make a close estimate of the per-
formance of a vacuum tube in radio-frequency power-
amplifier service, or an approximation in the case of har-
monic-amplifier service. Such estimates will give r-f out-
put power, d-c input power, grid driving power, and all
d-c current values.

These estimates can be made easily by using the
Eimac Tube Performance Computor and the character-
istic curves of a tube, plotted on plate-voltage/grid-volt-
age coordinates (constant-current curves). Only the abil-
ity to multiply 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 d-c
plate voltage and d-c grid bias, a clear understanding of
the action taking place within a tube is possible. With
such an understanding the operating conditions can be
altered readily to suit one’s particular requirements.

Simple Action in
Class-C R-F 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 volt-
age 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 d-c plate voltage and the d-c control-grid bias.

Let us now see how such variations of the plate and
grid voltages of a tube appear on the constant-current
curves of a tube. In Fig. 2 these 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
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has a value which is the point marked “eg” on the grid-
voltage sine wave. If one now finds the point on the tube
curves corresponding to these values (where a line
drawn from “eg” and a line drawn from “ep’ cross) he
will be at point A in Fig. 2. As the values of grid volt-
age “eg” and plate voltage “ep” vary over the r-f cycle,
the point A moves up and down a line, which in the
case of the normal r-f power amplifier is a straight line.
This line is called the “Operating Line.”

Any point on the operating line (when drawn on
constant-current curves as in Fig. 2 or Fig. 4) tells the
instantaneous values of plate current, screen current, and
grid current which must flow when those particular
values of grid and plate voltage are applied to the tube.
Thus by reading off the values of the currents and plot-
ting them against the time “t”, one can obtain a curve of
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instantaneous values of plate and grid current. See Fig. 3.

If we analyze the plate and grid-current values
shown, we can predict that they will cause a d-c am-
meter to show a particular reading. This is called the
d-c component of the current. Also, we can predict that
if the plate current flows through a properly loaded
resonant r-f circuit a certain amount of radio-frequency
power will be delivered to that circuit. If the circuit is
tuned to the fundamental frequency (same frequency as
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the r-f grid voltage) the power delivered will be due to
the fundamental, or principal, radio-frequency compo-
nent of plate current. If the circuit is tuned to a harmonic
of the grid-voltage frequency, e.g., two or three times the
frequency, the power delivered will be due to a harmonic
component of the plate current.

Use of the Eimac Tube Performance Computor

The Eimac Tube Performance Computor gives us
the means to make these simple calculations. It is a means
with which to determine the d-c component, the funda-
mental r-f component, or the approximate harmonic com-
ponent 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 able to forecast what
will happen if any of the operating conditions are
changed.

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 simplc
calculations to forecast the performance of the tube in
radio-frequency power amplifiers.

The basic steps are outlined under “Instructions” on
the computor. This requires selecting d-c 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
coordinates).

The computor, when properly placed over this op-
erating line, enables one to obtain instantaneous values
of the currents flowing at every 15° of the electrical
cycle. The formulas given on the computor were derived
by Chaffeet to give the various average and harmonic
components of the resulting currents. Knowing-these cur-
rent component values and the radio-frequency voltage
values which are indicated through use of the computor,
one can readily calculate the complete performance of
the tube.

The fundamental methods of making such computa-
tions, and the considerations necessary to stay within rat-
ings of the tube types while accomplishing various
forms of modulation have been covered in the literature,
2.3.4.5.7. The method for the case of harmonic-ampli-
fier 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 operating line is a simple Lissajou figure, has been
described by Brown.s

The results obtained by 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 procedures. The resulting
accuracy is well within the normal variation of tube
characteristics due to the normal variation in manufactur-
ing dimensions of a tube. Since the published tube curves
are only typical of the characteristics to be expected from
a particular tube type, the calculated performance is well
within the values obtained when different tubes of a
given tube type are operated under the assumed condi-
tions.

Example Showing Detailed Use of the
Eimac Tube Performance Computor

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

Let us say that we have an Eimac 4-65A tetrode and
want to make it work effectively. Also, let us assume that
we have a 2000-volt d-c plate power supply available.

Within frequency limits, we know that a tube
should be able to run in class-C amplifier service with
about 759 efficiency, or in other words to convert
75% of the d-c plate input power into r-f output power.
The difference, or 259, of the input power, is dissipated
or lost as heat on the plate of the tube. The d-c plate
input power is then about four times the power dissi-
pated on the plate.

The 4-65A tetrode has a maximum rated plate dissi-
pation of 65 watts. and, to illustrate performance near
the maximum rating, we'll choose an input power four
times the dissipation rating, or about 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 serv-
ice for the d-c grid-bias voltage to be roughly two or
three times the grid voltage necessary to cut off the flow
of the plate current. By referring to the curves for the
4-65A, we decide to use a d-c grid-bias voltage of —130
volts.

Let us now locate the “Operating Line” on the con-
stant-current curves for the 4-65A. See Fig. 4. First, mark
the point where the d-¢ grid bias and d-c 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 current of the tube must be and how low
we can let the instantaneous value of plate voltage go
when the tube is passing this much current. This is
necessary in order to locate the other end of the “Oper-
ating Line,” point No. 2.

The peak value of plate current in class-C amplifiers
usually runs about four times the d-c plate current. The
minimum value of instantaneous plate voltage is usually
set by the fact that if the voltage is too low, the grid
current in triodes and the screen current in tetrodes will
be needlessly high, resulting in high grid or screen dissi-
pation. Also, little will be gained as far as output power
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ADDENDUM
USE OF EIMAC TUBE PERFORMANCE COMPUTER FOR CLASS A, AB, AND B SERVICE

While the Eimac Tube Performance Computer is de-
signed for class C service, it may be used for class A, AB
or B service wherein the idling (quiescent) plate current
is not zero. When it is desired to calculate performance
for operating conditions having a large order of idling
plate current, the plate current flow during the positive
half of the plate voltage swing becomes appreciable and
cannot be ignored. When the tube functions over 180° or
more of the operating cycle, a full set of ordinate points
must be employed for the computations. The Eimac Com-
puter is therefore used in a two-step process.

First, the operating line is determined and the Eimac
Computer used in the normal fashion to derive the in-
stantaneous values of plate, screen and grid current dur-
ing the negative half of the plate voltage swing. These
current points are logged as explained under the class C
service description.

Second, the instantaneous current points over the posi-
tive portion of the plate voltage cycle must be determined
and combined with those points determined for the nega-
tive half of the cycle. This is done in the following fash-
ion: A line is pencilled on the Eimac Computer over the
operating line, and of equivalent length. The Computer is
now inverted and rotated 180° and again aligned with the

(1) D.C. Current
(Meter Reading)

(2) Peak Fundamental RF Current =

= - ot |
I M' Nsl"

(3) Approx. 24 Harmonic RF current =

chosen operating line on the Constant Current Graph so
that inverted point G on the Computer falls on the idling
current value (point 1) on the graph and inverted point A
passes through a minimum peak current point represent-
ing maximum positive plate voltage swing. The pencilled
line on the Computer now represents an extension of the
operating line into the area of positive peak voltage swing.
The extended operating line is a straight line, twice as
long as the original operating line. Instantaneous values
of plate, screen and grid current (if any) are those ob-
served where the reversed ordinate lines on the Computer
cross the extended operating line.

The current points measured with the Computer invert-
ed are logged and these, together with the points obtained
in the first operation (Computer right side up) provide a
full set of instantaneous peak current values necessary
for calculation of class A, AB or B parameters. With the
first set of computer readings termed A, B, C, D, E, F, and
G: the second (inverted) set may be termed A’, B’, C', D,
E’, and F', with the sets used in the following formulael:
!Formulae are modifications of Chaffee’s which permit

using current values directly from the Constant Current
curves.

(PR + B48) + (C4O) + O4D) + (E+E) + () + o]
[(A-A) + 1.93 (B8) + 1.73 (C—C) + 141 (D-D') 4+ (E—E) + 0.52 (—F]]

[A+A) + 1.73 (B+B) + (C+C) — (E4+E) — 1.73 (F+F) — 2]

(tetrodes or pentrodes only) 12
(4) Approx. 34 Harmonic RF current =1 y N _ D ’ _
(tetrodes or pentrodes only) 12 EA—A) + 1.41 (B—B) — 1.41 (D-D") — 2 (E-F) — 1.41 (F Fﬂ
(5) Power Output — Peak Fundamental RF current x Peak RF voltage
2
(6) Resonant Load Impedance = Peak RF Voltage

Peak Fund. RF Current

AN EXAMPLE: USING THE EIMAC TUBE PERFORMANCE COMPUTER FOR CLASS AB-1 SERVICE

Operating data is to be derived for an Eimac 4CW-
50,000C tetrode operating at a plate potential of 10 KV
and a screen potential of 1.5 KV. Grid current is zero; that
is, the tube is operated in the class AB-1 mode, with the
grid never being driven positive.

Within frequency limits, a plate circuit efficiency of
about 55-65% may ge assumed for class AB-1 operation,
and maximum d.c. input is therefore about 2.2 to 2.75
times the anode dissipation. A maximum power input of
2.2 x 50,000 = 110 kilowatts is chosen. At 10 KV, the
maximum d.c. plate current is then 11.0 amperes. This is
within the maximum rated plate current of ‘15 amperes
for class AB service as specified on the data sheet.

In class AB service the tube does not operate in a cut-
off condition, rather a certain value of idling plate current
exists. This must be taken into account when choosing
point (1) on the Constant Current graph. Generally speak-
ing, high values of resting plate current provide reduced
level of intermodulation distortion products and somewhat
lower plate efficiency. Idling plate current is usually chos-
en so that anode dissipation under quiescent condifions is
about 50-70% of the maximum dissipation rating. In this
example, idling plate current is chosen to be 4.5 amperes.
From the graph, it is determined that a grid potential of
about —295 volts is required to produce the desired plate
current at the chosen screen and plate potentials. The
intersection of the —295 volt bias line and the 10 KV
plate line determines the idling point on the operating
line (point 1).

Copyright 1964 Eitel-McCuliough, Inc.

Next, the peak value of plate current must be deter-
mined, and the minimum value of instantaneous plate
voltage chosen to pass this amount of current. Determina-
tion of these values will locate point (2) and will define
the operating line.

Class AB-1 service limits grid voltage excursions to
negative grid regions on the Constant Current graph.
Point (2) therefore may never be located above the zero
grid voltage line. In addition, the minimum instantaneous
plate voltage is usually not allowed to swing as low as
the d.c. screen potential, as screen dissipation tends to be-
come abnormally high. The location of point (2) thus has
certain restrictive limits defined by screen dissipation and
the maximum positive grid signal voltage. In this case for
the 4CW50,000C, minimum instantaneous plate voltage
is about 2 KV. Peak r.f. voltage is thus 10,000 — 2,000 =
8,000 volts.

Peak r.f. plate current in a class AB-1 amplifier usu-
ally runs about 2.5 to 3.0 times the average d.c. plate cur-
rent. In this case, a maximum peak plate current of about
2.9 times the maximum signal d.c. plate curren. of 11.0
amperes, or 32 amperes is chosen. This defines point (2)
which is at the intersection of the 2 KV minimum plate
voltage line and the 32 ampere Constant Current lne.
This point falls within the limits defined in the previous
paragraph. A straight line is drawn between points (1)
and (2) which is the negative plate cycle portion of the
operating line.
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When the operating line is extended to the right of
point (1) it can be observed that the tube conducts over
the rest of the cycle where (by virtue of the “flywheel”
effect of the resonant tank circuit), the instantaneous
plate voltage swings as far above the normal d.c. value as
it swings below. It is important to note that operation

with less than cutoff bias requires that the Eimac Com-
puter employ points on the operating line falling to the
right of point (1). The operating line, accordingly, is ex-
tended and the Computer is employed in a two-part oper-
ation, as shown in the following example:

4CW50,000C COMPUTATIONS

D.C. Plate Voltage = 1.5 KV Power Input = 110 KW
D.C. Screen Voltage = 10 KV Max. D.C. Plate Current = 11 amp.
Zero-Signal Plate Current = 4.5 amp.
D.C. Grid Voltage = —295 volts
Constant Current Graph and Operating Peak Plate Current = 32 amp.
Line determine: Peak RF Voltage = 8,000
Step One Step Two
Eimac Computer Readings Inverted Computer Readings
Instantaneous Peak Current (amps) Instantaneous Peak Current (amps)
Ordinate Crossing Plate Screen Ordinate Crossing Plate Screen
A 32 3 A’ 0.20 -
B 31 2 B’ 0.25 —
C 28 1.2 c 0.30 -
D 22 0.25 D’ 0.50 -
E 15 0.07 E’ 0.80 -
F 9 - F 1.50 -
G 4.5 —
D.C. Plate Current = Eg—-2.+ 31.25 + 28.3 + 225 + 158 + 105 4+ 4.5 = 10.75 amp.
Plate Power Input = 10 KV x 10.75A = 107,500 watts
Peak Fundamental RF Current = ]1_2‘ 31.8 4 59.4 4 47.7 4 30.3 4 14.2 + 3,‘Z| = 15.6 amp.
Power Output = 15.6 ; 8000 — 62,500 watts
Plate Dissipation = 45,000 watts
SRS = 152300 x 100 = 58.2%
Resonant Load Impedance = ?(5)960 — 512 ohms
D.C. Screen Current = 1

i3 [%4- 2 4 1.2 4 0.25 + o.o7:| = 417 ma.
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TUBE PERFORMANCE COMPUTOR
For RF Amplifiers (Class B, C, and Frequency Multipliers)

Use with constant current curves to obtain plate, grid, and screen current values; also output and
driving power.

DC Current (meter reading) 1/12 (0.5A+B+C+D+E+F)

Feak Fundamental RF 1/12 (A+1.93B+1.73C+1.41D+E+0.52F }
Peak 2nd Harmonic RF ( Approx.)°© 1/12 (A+1.73B+C—-E-1.73F)

Peak 8rd Harmonic RF (Approx.)*® 1/12 (A+1.41B-1.41D—2E~1.41F)

Output Power = % Peak RF plate current X Peak RF Plate Voltage
Driving Power = DC Grid Current X Peuk RF Grid Voltage

*Use only for tetrodes or pentodes — Approximate Only.

INSTRUCTIONS

Mark point of DC plate voltage and DC Grid Bias.

. Mark peint of peag plate current in low plate voltage

region. ( This is about four times DC plate current. )

3. Draw straight line between points selected in No, 1 &
No. 2. This is “Operating Line.”

. Place computor on curve sheet with guide lines parallel
to “Operating Line.” Make OG lipe of computor go
through point of Step No. 1. Make OA line of computor

E go through point of Step No. 2.

5. Read current values where “Operating Line” crosses OA,
OB, OC, OD, OE, and OF.
6. Put values in formulas as A, B, C, D, E, & F.

For detailed instructions sce Eimac Application Bulletin No. 5.
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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,” the imaginary line
where the instantaneous grid and plate voltages are
equal.) The practical procedure in calculating tube per-
formance is to arbitrarily choose 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 d-c plate current
of 130 ma, or 500 ma. Let us choose a minimum instan-
taneous 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 between points No. 1 and No. 2.
This line is the “Operating Line” and shows the current
and voltage values at each instant in the r-f cycle when
current is being taken from the tube. (The non-conduct-
ing half of the r-f 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 doing so, because
no current flows during this half of the cycle.)

The Eimac Tube Performance Computer can now

3 SUOERC S Se—

be used to obtain the meter readings and power values
from this “Operating Line.” Place the computor on the
constant-current curve sheet so that the “guide lines” of
the computor are parallel with the operating line. Now
slide the computor without turning it until the line OG
passes through the d-c 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 instantan-
eous values of plate current and grid current (and screen
current if a tetrode or pentode is used) which are flowing
at that particular moment in the r-f cycle. Later, from
these key values of current, we will calculate the values
of d-c¢ plate current and grid current (and screen cur-
rent) as well as the r-f components of the plate current.

These current values should be listed for each point
where the lines OA, OB, etc. cross the operating line so
that they can be combined later to caculate the various
tube currents. At points where OF and OE cross, the
current values are usually zero for class-C operation.

Now in the example chosen, let us read off the instan-
taneous 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.

- e e = = - ——

=1

EIMAC 4-65A
TYPICAL
CONSTANT CURRENT
CHARACTERISTICS
SCREEN VOLTAGE — 250 VOLTS
——— PLATE CURRENT AMPERES
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Where OB crosses the operating line the plate current
is also 500 ma. At OC the plate current is about 450 ma,
OD 300 ma, OE 90 ma, OF and OG 0 ma. Similarily we
can see that the instantaneous screen current at the
crossing of OA and the “Operating Line” is 200 ma, and
the instantaneous grid current is almost 80 ma. Values
are read for the other crossings and written down. These
values are put in simple columns for calculating:

. Simplified i) htaneous values of currents
Crossing name in

of line Formulas Plate  Screen Control grid
OA A 500 ma 200 ma 80 ma
OB B 500 155 70
oC C 450 60 42
oD D 300 15 17
OE E 90 0 0
OF F 0 0 0

Now in order to obtain the d-c 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, 100 ma for screen,
and 40 ma for grid), and then divide by 12, as follows:

D-C meter reading = 1/12 (0.5 A+B+C+D-+E+F)

Plate Screen Control grid
250 ma 100 ma 40 ma
500 155 70
450 60 42
300 15 17

90 0 0

0 0 0

Total 1590 ma 330 ma 169 ma
D-C current = 1/12 total = (approximately)
133 ma 28 ma 14 ma

Now, to caculate the r-f output power it is neces-
sary to use the formula for the peak r-f current which is
present in the tube plate current. Since we are using the
tube as a straight r-f power amplifier, we use the formula
for “Peak Fundamental R-F” as shown on the computor.
(If we were estimating the performance of a doubler or
tripler we would use the formula for “Peak 2nd Harmonic
R-F "or “Peak 3rd Harmonic R-F”.)

From the computor we see that the formula for the
peak fundamental r-f current is:

1/12 (A+1.93B+1.73C+1.41D+E4-0.52F)
A= 500=500 ma

1.93B=1.93 x 500=965

1.73C=1.73 x 450=778

1.41D=1.41 x 300=423

E= 90= 90

Total =2756 ma

Peak fundamental current=1/12 total

=2756/12=230 ma

We now have the various current values. In order
to calculate the powers involved, it is necessary to know
not only the d-c voltage values but the greatest amount

4

each voltage swings away from the d-c value. This is
known as the peak value of the r-f voltage. Because the
plate voltage swings from 2000 volts down to 250 volts
the peak r-f plate 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 —130 volts to
+90 volts. This is a peak swing of 220 volts and the
peak r-f grid voltage is 220 volts.

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

Output power = % peak r-f plate current x peak
r-f plate voltage.

We found the peak r-f plate current to be 230 ma
or .230 ampere, and the peak r-f plate voltage to be
1750 volts.

So; Output Power =% x 0.230 x 1750 =201 watts,
and Input Power D-C Plate Current x D-C Plate Voltage
0.133 x 2000 =266 watts
Plate Dissipation =D-C Input Power — R-F Output Power
=266 — 201 = 65 watts
= R-F Output Power divided by

D-C Input Power
=201/266 = 75.5%
=D-C Grid Current x Peak R-F Grid Voltuge
=0.014 x 220=3.1 watts

The power consumed by the bias source is simply
the product of the d-c grid current and the d-c grid
voltage, or 0.014 x 130 = 1.7 watts.

The difference between the driving power and the
power consumed by the bias source is the power dissi-
pated on the control grid, or 3.1 — 1.7 = 1.4 watts.

Efficieney

Driving Power

The power dissipated on the screen grid is simply
the product of the d-c screen current and the d-c screen
voltage because the screen grid has no impedance be-
tween it and the d-c screen supply. Thus it is 0.028 x
250 = 7.0 watts.

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

D-C Plate Voltage 2000 volts | Driving Power 3.1 watts
D-C Screen Voltage 250 volts| Grid Dissipation 1.4 watts
D-C Grid Voltage —130 volts| Screen Dissipation 7.0 watts
D-C Plate Current 133 ma Plate Input Power 266 watts
Il,)‘;gk”\f;;?"(ﬁi‘:l"ent L ot Plate Output Power 201 watts

Voltage 220 volts @ Plate Dissipation 65 watts
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TUBE PERFORMANCE COMPUTOR
For RF Amplifiers (Class B, C, and Frequency Multipliers)

Use with constant current curves to obtain plate, grid, and screen current values; also output and
driving power.

DC Current (meter reading) 1/12 (0.5A+B+C+D+E+F)
Peak Fundamental RF 1/12 (A+1.93B+1.73C+1.41D+E+0.52F )

Peak 2nd Harmonic RF ( Approx.)® 1/12 (A+1.73B+C—-E—-1.73F)
Peak 3rd Harmonic RF ( Approx.)® 1/12 (A+1.41B—1.41D—2E—-141F)

Output Power = % Peak RF plate current X Peak RF Plate Voltage

.

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

INSTRUCTIONS

. Mark point of DC plate voltage and DC Grid Bias.
Mark point of peaE plate current in low plate voltage
region. ( This is about four times DC plate current. )

. Draw straight line between points selected in No. 1 &

No. 2. This is “Operating Line.”

. Place computor on curve sheet with guide lines parallel
to “Operating Line.” Make OG line of computor go
through point of Step No. 1. Make OA line of computor

E go through point of Step No. 2.

5. Read current values where “Operating Line” crosses OA,
OB, OC, OD, OE, and OF.
6. Put values in formulas as A, B, C, D, E, & F.

r detailed instructions see Eimac Application Bulletin No. 5.
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AMPLIFIER
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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-
¢y 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

P, =Plate dissipation

n =Plate efficiency expressed as a decimal
Ew=D-c plate supply voltage

E,n —Peak fundamental plate voltage

evmisn =Minimum instantaneous plate votage

I =Average plate current

I,m =Peak fundamental plate current

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

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

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

(Reprinted from the Eimac News Industrial Edition, March 1945)

’ Indicates Revision |1-10-49

E¢gm =Peak fundamental grid excitation voltage

ecmp = Maximum positive instantaneous grid voltage

I —=Average grid current

lemsx =Maximum instantaneous grid current

P:s =Grid driving power (including both grid and
bias losses)

P, =Grid dissipation
b u  =Amplification factor of triode
w1, =Grid-screen amplification factor of tetrode
Method

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

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

p-Fe
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.—P.

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

10.

11.

12,

13.

. From the ratio of I

. Determine plate input from

P:=&
n

. Determine plate dissipation from

Pp=Pl_Po

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

. Determine average plate current from

P,
Ewo

|, must not exceed maximum rated plate current for tube selected.

L=

. Determine approximate ibnax from

ibmax=4.5 In for n=0.80
ibmax=4.0 I, for n=0.75
ibmax=23.5 I» for n=0.70

. Locate the point on constant-current characteristics

where the constant plate current line corresponding to
the approximate imsx 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 evm:n at this point.?

. Calculate E;m from

Epm = Ebb—Ebmin

- I m
. Calculate the ratio ——from

I
I"J_ 2n Em
Iv - Epm
Ipm

calculated in step 8 determine the

b

Ibmax
In
Calculate a new value for ismax from ratio found in step 9.

from Chart 1.

ratio

ibmax = (ratio from step 9) In

Read ecmp and icmsx from constant current characteristics
for values of evmin and ibmsx determined in steps 6 and 10.

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

Cos 0,=2.3 (I.,_... —1.57 )
I,
Calculate the grid bias voltage from

i

-1 Epm _Eu .
i Eee= 1 — Cos 9, Cos 6, (———--—ecmn) » ], for triodes;

1 Ec:

o= 7—~—— | — €cm 6,— , tetrodes.
’orE 1—Cos0.,[ ecmp COs 8, }hz] for tetrodes

[

.

>

14.

15.

Calculate the peak fundamental grid excitation voltage
from

Egm = ecmp_Ecc

E¢m

E for values of E.c and Egm found

Calculate the ratio

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,, P, and P, by the
number of tubes before starting the analysis and multiplying 1, | and Py
by the same factor after completing the analysis.

’ Indicates Revision 11-10-49

16.

17.

18.

19.

lc;'" from Chart 2 for ratio i,"'

Read ratio found in
step 15.
Calculate average grid current from ratio found in step
16 and value of icmar found in step 11.

icmlx

L= fatio from step 16
Calculate approximate grid driving power from
Pa=09 Egnl. 5
Determine grid dissipation from
P;=Pu+Ecl.

P, 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)

1250

2. P, = W— =1670 watts

3. P,=1670—1250=420 watts
Try type 450TL; Max. P,=450W; un. =18

1670
4. = W=0'4l7 ampere
(Max. I for 450TL=0.600 ampere)

5. Approximate ibmax=4.0x0.417=1.67 ampere

6. evmin= 315 volts (see figure 2)

7. Epm=4000 — 315 = 3685 volts

Ipm 2x0.75 4000
& L = 3685 =1.63
9. 2 _3.45 (from Chart 1)
b
10. fbmax=3.45 % 0.417=1.44 amperes
11, ecmp=280 volts
icmax=0.330 amperes
(see figure 3)
12. Cos 6,—2.32 (1.63 — 1.57)=0.139
1 3685 4000]
13. Eee= 1-0.139 [0.139 ( 8 80 )— 18
= — 270 volts

14. E;m=280 — ( — 270) =550 volts

Egm 550
15. E. = —27 =—2.04
16- -lel

=T =569 (from Chart 2)

0.330
17. I“=ﬁg— =0.058 amperes
18. Ps=0.9 x 550 x 0.058 =28.7 watts
19. P, —28.7 4+ (— 270 x 0.058) =13.0 watts

(Max P; for 450TL=65 watts)®

3 In a few cases the lines of constant plate current will inflect sharply
upward before reaching the diode line. In these cases ey, ;, 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.

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

6 '""Vacuum Tube Ratings'' Eimac News, Industrial Edition, Jan. 1945,
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The information presented he!ein is based on data believed accurate, but no responsibility is accepted for the successful application of the sys-
tems or principles discussed. Likewise, no responsibility is 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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DETAILED INSTRUCTIONS

TUBE PERFORMANCE COMPUTOR FOR RF AMPLIFIERS (CLASS B, C, AND FREQUENCY MULTIPLIERS)

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

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

By graphically laying out the trace of the plate
and grid voltages as they rise and fall about the
applied DC plate voltage and DC grid bias a clearer
understanding is possible of the action taking place
within a tube. With such an understanding the
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 ampiified current flowing in the
piate 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 voitages of a tube appear on the constant
current curve sheet of a tube. In Fig. 2 these

PLATE VOLTAGE
AT ANY INSTANT

\

DC PLATE
VOLTAGE
{AVERAGE)

POSITIVE

VOLTAGE =-=-O-= VOLTAGE

TIME —
w // / \ Z_pc cRiD
2 BIAS
'; GRID VOLTAGE (AVERAGE)
3 AT ANY INSTANT
z
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 “eg” on the grid voltage
sine wave. At this same instant of time the plate
voltage has a value which is the point “ep” marked
on the plate voitage sine wave. If now one finds
the point on the tube curve sheet corresponding to
these values (where a line drawn from “eg” and a
line drawn from “ep” cross) he will be at point A
in Fig. 2. As the values of grid voltage “eg” and
plate voltage “‘ep” vary over the RF cycle, the point
A moves up and down a line, which in the case of
the normal RF power amplifier is a straight line.
This line is called the “Operating Line.”
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Figure 2

Any point on the operating line (when drawn
on a curve sheet as in Fig. 2 or Fig. 4) tells the in-
stantaneous values of plate current, screen current,
and grid current which must flow when those par-
ticular values of grid and plate voltage are applied
to the tube. Thus by reading off the values of the
currents and plotting them against the time, t, one
can obtain a curve of instantaneous values of plate

and grid current. See Fig. 3.

Figure 3

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

COPYRIGHT 1952, EITEL-MCCULLOUGH, INC.



If we analyze the plate and grid current values
shown, we can predict that they will cause a DC
ammeter to show a particular reading. This is
called the DC component of the current. Also, we
can predict that if the plate current flows through
a properly loaded resonant RF circuit a certain
amount of radio frequency power will be delivered
to that circuit. If the circuit is tuned to the fun-
damental frequency (same frequency as the RF
grid voltage) the power delivered will be due to
the fundamental (or principle radio frequency)
component of plate current. If the circuit is tuned
to a harmonic of the grid voltage frequency (for
instance, two, or three times the frequency) the
power delivered will be due to a harmonic compo-
nent of the plate current.

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

Use of the Eimac Tube Performance Computor

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

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

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

The fundamental methods of making such com-
putations, and the considerations necessary to stay
within ratings of the tube types, and accomplish
various forms of modulation have been covered in
the literature.z=+ss7 The method for the case
of harmonic amplifier service is approximate and
should be used only for tetrode and pentode tubes,
where the plate voltage has little effect on the
amount of plate current flowing. A more exact
method, showing that for harmonic operation the
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operating line is a simple Lissajou figure, has been
described by Brown.s

The results of using this computor for power
amplifier service can be applied in combination
with the other methods given in the literature to
give good accuracy with simpler procedues. The
resulting accuracy is well within the normal varia-
tion of tube characteristics due to the normal var-
iation in manufacturing dimensions of a tube. Since
the published tube curves are only typical of the
characteristics to be expected from a particular
tube type, the calculated performance is well with-
in the values expected when different tubes of a
given tube type are operated under the assumed
conditions.

Example Showing Detailed Use of the
Eimac Tube Performance Computor

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

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

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

The 4-65A tetrode has a maximum rated plate
dissipation of 65 watts, so, to illustrate perform-
ance near the maximum rating, we’ll choose an in-
put power four times the plate dissipation, or 260
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
0f—120 volts.

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

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




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

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

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

150

POINTF 2 |

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
oiten zero.

Now in the example chosen, let us read off the
instantaneous plate current values where these
lines cross the “Operating Line.” At the point
where the line OA crosses the “Operating Line” the
plate current is 500 ma. Where OB crosses the
operating line the plate current can be estimated
as 510 ma since the point is about 1 /10 of the way
from the 500 ma line to the 600 ma line. At OC
the plate current is 460 ma, OD 290 ma, OE 75 ma,
OF and OG 0 ma. Similarly we can estimate the
instantaneous screen current at the crossing of OA
and the “Operating Line” as 165 ma, and the in-
stantaneous grid current at 60 ma. Values are read
for the other crossings and written down. These
values are put in simple columns for calculating:

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

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

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

Plate Screen Control Grid

250 Ma “ 82 Ma 30 Ma

510 100 50

460 25 30

290 5 14
____ 8 - .
Total 1590 Ma 212 Ma 124 Ma
DC Current = 1/12 Total =

132 Ma 18 Ma 10 Ma

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

From the computor we see that the fo