














Springfield
Harold Bruce
120 North 15t St.

Wilson Supply Co.
108 W. Jefferson St.

INDIANA

10

Anderson

Seyberis Radio Supply

1331 Main St.
Angola

Lokelond Rodio Supply Co.

South West and West Pleosent Sts.
Evansville

Coslrup’s
1014 West Franklin S,

Ohio Volley Sound Service
11 NLW. Riverside Drive

Wesco Rodio Parts
428-430 Pennsylvonia St.
Fort Wayne

Ft. Woyne Electronics Supply, Inc.
223 East Mein 5t.

Pembleton Leboratones
236 East Columbia at Barr S,

Warren Radio Co.
1216 South Harrison St,
Indianapolis

Groham Electronics Supply, Inc.
102 5, Pennsylvonio St.

Meunier Radio Supply Co.
524 North lllinois

Radio Distributing Co.
1013 Nerth Capital Ave.
Lofayette
Holmes Radio Supply Co., Inc.
217 Main St.
Muncie

Radio Supply of Muncie, Inc.
305 North Madison

Stondard Redio Perts Co., Inc
718 South Walnut

Peru

Clingaman Radio
814 West Main SI.

Richmond

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

South Bend

Colfax Co., Inc.
802 South Main St.

Rodio Distributing Co.
Monroe and Carroll Sis.
Terre Haute

Archer & Evinger
1216 Webash Ave.

Terce Houte Radio
501 Ohio St,

WA
Cedar Rapids

Gifford Brown, Inc.
106-108 First St. S.w.

Council Bluffs
Weorld Radio Laboretories. Inc,
744 West Broadway
Davenport
Tri-City Rodio Supply, Inc.
320 East 4th St
Des Moines

Gifford Brown, Inc.
1216 Grond Ave.

Radic Trade Supply Co.

1224 Grond Ave.
Dubuque

Boe Distributing Co.

498 North Grandview Ave.
Sioux City

Dukes Rodio Co.

209 - 6th St

Power City Radio Co.

408 Janes St

Waterloo

fornsworth Radio & Television
623 Jefterson S,

Ray-Mac Radio Supply Ca.
200 Balloy St.

KANSAS
Pittsburg

Pittsburg Rodio Supply
212 South Broodway

Salina

Western Dist. Redio & Supply Co.

227 Norsth Senta Fe

Topeka

Acme Radio Supply
412E.10th 5.

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

The Overton Electric Co., Inc.
522 Jockson St.

Wichita
Amateur Radio Equipment Ca.
1203 Eost Douglos
Interstate Electronic Supply Corp.
230 Ida, P.O. Box 2018

Radio Supply Co
1125-27 East Douglos

KENTUCKY
Lexington

Electronic Distributors
134 West 3rd St.

Kentucky Radio Supply Co.
376 Eost Main St

Radio Equipment Co.
480 Skain St.
Louisville

P. 1, Burks & Co., Inc,
911 West Broadwoy

Universal Redio Supply Co.
533 South 7t St.

LOUISIANA
Alexandria
Cenlral Radie Supply. Ce.
509 Monroe St
Baton Rouge
Electronic Supply Co.
1751-53 North 21st S,
Lafayette
Re!ph’s Radio Electronic Supply
3004 Cameron St.
Lake Charles
Wholesole Radio Equipment Co.
230 Bilboo St.
Monroe
Hole & McNeit
421 Walnut St.
New Orleans

Columbia Radio & Supply Co.
3940 - 3rd SI.

Electranic Ports Corp
205-207 North Broad

Radio Parts, Ine.
807 Howord Ave.

Shuler Supply Co.
415 Dryodes St.

Shreveport

Interstate Electric Co. of Shrevepart, Inc.

630 Spring St.
Koelemoy Soles Ca.
220 Crockett SL.

MAINE
Auburn
Radio Supply Co., Inc.
26 Cross St.
Bangor

Radio Service Laboratory
76 Exchange St.

Poriland

Maine Electronic Supply Corp.
148 Anderson St.

Rodio Service Laboratory
1004 Congress St.

.
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MARYLAND

Baltimore

Henry O. Bermon Co, Inc.
12 East Lombard St

Kann-Ellers Electronics. Inc.
9 South Howard St.

Radia Electric Service Co.
5 North Howard St

Wholesole Radio Ports Co., tnc.

3311 West Baltimore St.
Cumberland

Zimmerland Wholesalers

162 Bedford St.
Hagerstown

114 E. Woshington St.
Salisbury

Almo Redio Co.
219 Highland Ave.

MASSACHUSETTS

Boston

DeMambro Radio Supply Co
1111 Commonweolth Ave

General Electric Supply Corp.
145 North Beacon

Haitry & Young of Mass., Inc
42.44 Cornhill

The Louis M, Hermen Co.
885 Boylston St.

A. W. Mayer Co.
895 Boylston St.

Radio Shack Corp.
167 Woshington St.

Radic Wire Television, !nc.

110 Federal St.
Brockton

Woare Radio Supply Co.

913 Center S1.
Cambridge

The Eastern Co
620 Memorial Drive

Electrical Supply Corp.
1739 Mossachusetts Ave.
Fitchburg
Hatry & Young of Fitchburg, Inc.
390 Woter St.
Holyoke
Oakes Electrical Supply Co
271 Appleton St.
Springfield Radic Co.
93 High St.
Lawrence
Halry & Young of Lawrence, Inc.
262 Lowell St.
New Bedford
C. E. Beckman Co.
11 Commercial St.
Pittsfield
Pittsfield Radio Co.
41 West St.
Springfield
T F. Cushing
349 Worthington St
Hatry & Young of Springfield, inc.
169 Spring St.

Riga Electrical Corp.
376 Worthington St.

Soundco Electronic Supply Co.
147 Dwight St.

Springfield Radio Co.

405 Dwight St.

Westinghouse Electric Supply Co.
46 Hompden §t.

Worcester

DeMambro Radio Supply Co., Inc.

222 Summer St.

Rodio Electronic Soles Co.

52 Chandler St

Radio Maintenance Supply Co.
80 Thomas 5t.

MICHIGAN

Ann Arbor

Purchase Radio & Camera Shop
605 Church St.

Wedemeyer Electronic Supply Co.
215 North dth Ave.

Battle Creek
Electronic Supply Corp.
94 Hamblin Ave,

Bay City
Kinde Distribuling Co.
504 Washinglon Ave.

Detroit

M. N.Duffy & Ca.
2040 Grand River Ave. W.

Redio Electronic Supply Co.
1112 West Warren Ave.

Redio Speciallies Ca
456 Charlolie Ave.
Flint

Shand Radio Specialties
203 West Kearsley St

Grand Rapids

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

Jackson

fFulton Radio Supply Ca.
265 West Cortlond St

Kalamazoo

Electronic Supply Corp.
906 Eost Michigan Ave.

Ralph M. Ralston Co.
20) North Park St

Lansing
Wedemeyer Electronic Supply Co.
2005 Ecst Michigan Ave.
Larium
Northwest Radio

Muskegon

Firzpalrick Electric Supply Co.
444 Irwin Ave., Cor. Wood

Bell-Lourim Electronics, Inc.
1839 Peck St.

Pontiac
Electranic Supply Co.
248 Eost Pike St.
MINNESOTA
Duluth

Lew Bonn Company
228 Eost Superior St.

Nonhwest Radio

123 Eost 15t St
Minneapolis

Lew Bonn Company

1211 LoSalle Ave.

Electronic Center, Inc.
107 - 3rd Ave. No.

Northwest Radio & Electronic Supply Co.
52 South 12th St.

Stark Radio Supply Co.
71 South 12th St.
St. Paul

Lew Bonn Co.

141.147 West 7th Si.

Hall Elecirie
566 North Rober? St.

MISSISSIPPI
Jackson

Swon Dislributing Co. Inc.
342 N. Gollotin St - P, Q. Box 320}

MISSOURI
Butler
Henry Redio
211 North Main St
Cape Girardeav
Suedekum Electronic Supply Co.
902 South Sprigg St. - P. O. Box 221
Joplin
4-State Radio & Supply Co.
201 Moin St




Kansas City

Burstein-Applebee Company
1012-14 McGee St.

Continental Electric Co.
1321 West 13th S1.

Electro-Crafts
1305 Swift, North

Radiclcb
1612 Grand Ave.
Poplar Bluff
Tri-State Radic & Supply Co.
118 Bortlett St.
St. Joseph

Acme Radio Supply
110 North 9th St.

St Joseph Rodio & Supply Ca.
922-24 Froncis St.
St. Louis

Ar-Ke Engineering, Inc.
1319 South Vandeventer

Walter Ashe Rodio Co.
1125 Pine St.

Interstote Supply Co.
26 South 10th St.

Rodonics
5040 Easton Ave.

Von Sickle Rodio
1113 Pine SI.
Springfield
Harry Reed Radio & Supply Co.
805 Boonville Ave.

MONTANA
Billings
Electrenic Supply Co
214 - 11th St. West
Butte
Smith Supply Co.
425 So. Arizone St.
Great Falls
Geo. Lindgren Co.
P. 0. Box 966
Missoula

Norlhwes! Distributors
509 South Higgins Ave.

NEBRASKA
Lincoln

Hicks Radio Co.
1422 0" 51

teuck Redio Supply
243 South 11th St.

Omaha

J. B. Distribuling Co,
1616 Cass St.

Omahe Appliance Co
18th and St. Mory's

Radio Equipment Co,
2852 Douglas St.

Scottsbluff

Joaquim Redio Supply, Inc.
1913 Broadway -« P. O. Box 67

NEVADA
Reno

Ed. Heim Rodio & Elecironoics
1185 Wells Ave.

NEW HAMPSHIRE
Concord
Evans Radic
P.O.Box 312
Dover
American Radio Corp.
510 Central Ave.
Manchester

DeMambro Redio Supply Co.
1308 Eim St.

Radio Service Laboratory
470 Chestout St.

NEW JERSEY
Atlantic City

Almo Radio Co.
4401 Ventnor Ave

Radio Electric Service Co.
406 Norlh Albany
Camden

Almo Redio Co.
1133-35-37 Haddon Ave.

Radio Eleclric Service of N. 1., Inc.
513-515 Cocper St.
Newark

Conlinental Soles Co. Inc.
Bloomfield Ave. at North 11th St

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

Aaron Lippmon & Co
99-107 Nework St.

Radio Wire-Television, Inc,
24 Centrol Ave,

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

Allen end Hurley
25 South Warren St

NEW MEXICO
Albuquerque

Radio Equipment Co.
523 East Central Ave.

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

Supreme Rodio Supply
129 West 2nd St.

Santa Fe

A-1 Communications Supply Co
110 West Palace Ave.

NEW YORK
Albany

Fort Orange Distribuling Co.
904 Broadway

E.E. Toyler Co.
465 Centrol Ave.
Amsterdam
Adirondck Radio Supply
P.O.Box 88
Binghamton
Federal Radio Soles & Supply Corp.
188 State SI.
Brooklyn

Peerlass Electronics Distributors Corp.
76 Willoughby St.

Buffalo

Dymac, inc.
2329 Main 1.

Genesee Radio & Parts Company
205 Genesee St.

Radio Equipment Corp.
147 Genesee St

Corstland
C. A. Winchel! Rodio Supply Co.
37 Central Ave.
Fredonia
Barker-Higbee, inc.
27 Water S1,
Hempstead
Standard Parls Corp.
277 No. Fronklin S1.
Ithaca
Stellman of Ithaca, Inc.
123131 South Tioga S1.
Jamaica, L. I.

Harrison Radio Corporation
172-31 Hillside Ave.

Norman Radio Distributors, Inc.
94-29 Merrick Raod

Peerless Radio Distributars, Inc.
92-32 Merrick Road

Mount Vernon

Dovis Redio Distributing Co.
64 East 3rd S1.

New York City

Arrow Electronics Co
82 Cortlond? St.

Electronics Center Inc.
118 Ducne St.

Federaled Purchaser
66 Dey St.

Grand Centrol Radio
124 East 44th St.

Harrison Radio Corp.
225 Greenwich St

Horvey Radio Co. Inc.
103 West 43rd St

Hudsan Radia & Television Corp
48 West 38th St.

Hudsen Radio & Television Corp.
212 Fulton St.

Life Electconic Sales
345 Broadway

Midway Radio & Television Corp.
60 West 45th $1.°

Mio Radio & Electronics Corp.
200 Greenwich 5t.

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

Sonford Electronies Corp.
157 Chambers St.

Sun Radio & Electronics Ce., Inc.
122-124 Duane St.

Terminal Radio Corp.
85 Cortlend? St.
Rochester

Hunter Electronics
233 Eost Ave.

Maosline Radijo & Electronic Equip. Co.
192-196 Clinton Ave., North

Rochester Radio Supply Co
114 St. Paul St
Syracuse

W. E. Berndt
655 South Warren St.

Rodio Suppty Co.
200 Walton St

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

Beacon Electronics, Inc
14 Catherine St

Vaeth Electric Co.
35 Genesee St.
Watertown

Beacon Electronics, Inc.
108 Lincoln Bldg

White Plains
Westchester Electronic Supply Co.
420 Momaoronock Ave.
Yonkers

Yonkers Electronic Supply, Inc.
541 Nepperhan Ave,

NORTH CAROLINA
Asheville

Freck Radio & Supply Co.
38 Biltmare Ave.

Charlotte

Dixie Radio Supply Co., Inc.
715 West Morehead

Show Distributing Co.
205 West 1st St.

Southern Radio Corp.
1625 West Morehead
Greensboro

Johannesen Electric Co.
312-14 North Eugene St.

Southeastera Radio Supply Co.
404 North Eugene St.
Raleigh

Radio Amateur Center
411 Hillsboro St.

Southeastern Radio Supply Ce.
415 Hillsbero St.
Winston-Salem

Dalton Hege Radio Supply Co.
924 West 4th St,

NORTH DAKOTA
Fargo

Bristo! Distributing Co.
419 NP, Ave.

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

OHIO
Akron

Olson Radio Warehouse, Inc.
73 Eost Mill St

The Sun Redio Co.

110 Eost Market St.
Ashtabula

Morrison’s Radio Supply

331 Center St
Canton

Arastrong's Elecironic Center
1261 Clevelond Avenue Northwest

Wireless Radio & Television
N7 -12th St., N.E.

Cincinnati

Chambers Electrenic Supply Ce., Inc.

1667-71 Cenlral Parkwoy
Herrlinger Distributing Ce.
15th and Vine Sts.

Hughes Peters, inc.

1128 Sycamore St.

The Mytronic Co.
121 West Cenirol Parkway

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

Steinberg’s, Inc.
633 Welnut 5.

United Radio, inc.
1314 Vine SL.

Cleveland

Northern Ohio Loborateries
2073 West 85th St.

Pioneer Radie Supply Corp.
2115 Prospect Ave.

The Progress Radio Supply Co.
415 Huron Road

Radio & Electronics Part Corp.
3235 Prospect Ave.

Winleradio, Inc.
1468 West 25th St.
Columbus

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

Thompson Rodio Supplies
182 Eost Long St.
Dayton

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

Srepco, Inc.
135 East 2nd St.

Stotts-Friedman Co.

620 South Main St
East Liverpool

D & R Redio Supply

631 Dresdon Ave.
Lima

Lima Radio Parts Co.

600 North Main St.
Springfield

Eberlie’s Rodio Supply

522 West Mcin St.

Standard Radio—Springfie!d, Inc.

119 West Main St.
Steubenville

D & R Radio Supply

156 South 3rd St.
Toledo

The H & W Auto Accessories Co.
26 North 11th St

Lifelime Electronics
1501-05 Adams SI.

Warren Radio Company
1320 Madison Ave.
Youngstown

Radio Porls Co.
230 Boardman St.




Ross Radio Company
325 West Federal St.

OKLAHOMA
Oklahoma City
Radio Supply, Inc.
724 Nerth Hudson
Tulsa

Electronic Supplies
219 Eost 15t St

Industricl Electronic Supply, Inc.
1124 Eost 4th St.

Qil Cagitol Electronics Corp.
923 Eost 4th St.

Radio, Inc.

1000 South Main St
S & S Radio Supply Co.
721 S, Detroit St.
OREGON
Evgene

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

United Radio Supply, Inc.

179 West 8th St.
Medford

\er) G. Walker Co.

P, O. Box 1586
Poriland

Central Distsibutors

1135 S.W. Washington St.

Fleming & Company

N.W. Broadway at Flanders

Horper-Meggee Co

1506 N.W. Irving St.

Loy Johnson Co., Inc.

422 N.W. 8th Ave.

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

Pacific Stotionery Wholesale Radio Dep!.

414 S.W. 2nd Ave.

Partland Radia Supply Co.
1300 West Burnside St.

Stubbs Electric Ca.

33 N.W. Park Ave,

United Radio Supply, Inc.

22 N.W, 9th Ave,
Salem

Leu Jehnson Company
1051 South Commercial St.

PENNSYLVANIA
Altoona
Holleaback’s
2221-3-5 Gighth Ave,
Bethlehem

Buss Rodio Electric Supply
61-63 East Brood St.

Ecie
1. V. Duncombe Co,

M. V. Mansfield Co.

937 Liberty Ave. Nashville

Radio Parts Compan Braid Electric Co.

G;SI;P:\n Ave.m pent 1100 Demonbrevm 5.

Tydings Cor Electra Distributing Co.

5§do'(;'§:um"§mfy 1914 West End Ave.
Reading TEXAS

George O. Barhey Co. Abilene

2nd and Penn Sts. R& R Electconic Co.
Scranton 802-4 Wolnut St.

Fred P. Pursell Amurillx_:

548-50 Wyoming Ave. R & R Electronic Co.

707 Adaoms St.

Scronton Radio & Television Supply Co.
519-21 Mulberry St,
Uniontown

Zimmerman Wholesalers
55 Mergantown St

Wilkes-Barre
Radio Service Co.
346 Sauth Main St
Williamsport
Williamsport Radio Supply
518 West 3rd S1,
York

York Redio & Refrigeration Parts
263 West Markel St.

RHODE ISLAND

Providence
‘Wm. Dondreta & Co.
129 Regent Ave.
DeMembro Radic Supply Co.
90 Broadway

W. H. Edwords Co.
94 Broadway

SOUTH CAROLINA

Charleston

Radio Leboratories
215King St.

Columbia
Dixie Radio Supply Co., Inc,
1700 Laurel St
Southeastern Radia Ports Ca.
1513 Taylor St,

Greenville
Dixie Redio Supply Co., Inc.
22 South Richardson St.

Spartanburg

McElhenney Co,, Inc.
204 St. John St,

SOUTH DAKOTA

Aberdeen

Burghards Radio Supply
P. O. Bax 342

Siovx Falls

1011 West Bih St. Power City Radlio Co.

Warren Radio, Inc. 209 Soulh 1st Ave,

12th and Siate Sts. Watertown
Harrisburg Burghardt Radio Supply

Radio Distributing Co. P.O.Box 41

925 Sauth 13th St. TENNESSEE
Philadelphia Bristol

A. C.Radio SupplyCo.
1539 West Passyunk Ave.
Almo Redio Co.

509 Arch St.

Almo Redio Co.

6205 Morket St.

Almo Redio Co.

412-16 North éth St.
Consolidated Radio Co.
612 Arch St.

Herbach & Redeman, Inc.
1205 Cuthbert St.

M & H Sperting Goods Co.
§12 Market St.

Radio Eleclric Service Co.
N.W. Cor. 7th and Arch Sts.

Radio Eleciric Service Co. of Peanc., Inc.

3412-14 Germantown Ave.

Albert Steinberg & Company
2520 North Broad §t.

Eugene G. Wile
218 South 11th St.
Pittsburgh

Comerodio
1121 Penn Ave.

12-1-52

Roden Eleclirical Supply Co.
104 East State St.
Chattanooga
Specialty Distribuling Co.
135 Market St.
Jackson
L.X. Rush Company
103 Highland
Kingsport
Chemcity Radio & Electric Co,
1019 Bristo! Highway
Knoxville
Chemcity Radio & Electric Ce.
12 Emory Park
Roden Elecirical Supply Co.
808 Nerth Central Ave.
Memphis
Bluf City Distributing Co.
905 Union Ave,
Lovender Rodio Supply Co., Inc.
180 South Coopar S8

W & W Distributing Co.
633 Madison Ave.

West Texos Radio Supply
1026 West 6th St.

Austin

The Hargis Co.
706 West 6th St.

Beaumont

Montague Radio Distributing Co.

760 Lourel St.
Brownsville

Electronic Equipment & Engineering Co

1152 Eost Madison St.

Corpus Christi

Electronic Equipment & Engineering Co.

805 South Staples St.

Wicks-DeVilbiss Co.

513-15 South Stoples St
Dallas

Crabtree’s Wholesale Radio
2608 Ross Ave.

Industrial Eleclronic Subply, Inc.

134 Leslie 5t

Ra-Tel, Inc.
2409 Ross Ave.

Southwest Radio Supply
1820 North Harwood SI.

Wilkinson Bros.

P. O.Box 1169
Denison
. Denison Rodio Supply

310 West Woodard St.
El Paso

C. C McNicol
811 North Estrella

Midland Specialty Co.
425 West San Antenio St.

Reeves Radia Supply

720 North Stanlon St.
Fort Worth

Electronie Equipment Co.

917-19 Florence St.

Ft, Worth Radio Supply Co.

1201 Commerce 5.

Scooler's Redio Supply Co.

509 Commerce St.

Bill Sultan’s Wholesale Electronics

Commerce al 5th St.

Houston

Busacker Ele:lrcni:_ﬁqu-pmenl Co.

1721 Waugh Drive
Electranic Parts Co.
3508 Crawford SI.
Geophysical Supply Co.
P.O.Box 2214

Robert E. Franklin Co.
1905 Charlres St.

Gulf Coost Electronics
1110 Winbern St.

R.C. & L. Holl, Inc,
1219 Caroline Si,
Harrison Equipment Co.
1422 Son Jocinto St.

Houston Radio Supply Co., Inc.

Clay ot LaBronch

Lenert Compony

2213 Congress Ave.
Sterling Radio Producis Co.
1416 McKinney Ave.

Straus-Frank Company
4000 Leeland Ave.
taredo

Guarontee Redio Supply Co.
1314 iturbide St.

Lubbock

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

West Texas Radio Supply
1007 Avenue @

McAllen

Rio Redio Supply Co.
P, O. Box 168

San Angelo
Gunter Wholesale Co.

606 South Irving St. - P. O. Box 1505

San Antonio

Amateur Headquarters & Supply
P. O. Box 5086, Beacon Hill Station

Electronics, Inc.
616 Broadway

Missien Radig, Inc
P. O. Box 2487

Radio & Television Parts Co,
118-20 Seventh S1.

Rio Radic Supply Co.
818 San Pedra

Strous-Frank Compaeny
301 South Flores St
Tyler
Laverder Radia Supply Ca.
502 East Ockwood
Waco

The Hargis Co., Inc,
1205 Washington Ave.

Wichita Falls
Clark & Gose Radio Supply
1203 Indionc Ave.

Mooney Radia Supply Co.
P. O. Box 969

UTAH

Ogden
Ballard & Carter Co.
2428 Grant Ave,

Salt Lake City

Q’Loughlin’s Radio Supply Co

113 Ecst Broadway
Radio Supply Co.
157 Moter Ave.

S. R, Ross, Inc.

1212 South State St

Standard Supply Co.
531 South Stote St.

VIRGINIA

Bristol
Bristol Radio Supply Corp.
31 Moare St.
Lynchburg

Eostern Electric Co.
920 Commerce St.

Norfolk
Rodio Equipment Co.
821 West 21st St
Radio Ports Distributing Co.
128 West Olney Road
Radio Supply Co.
711 Granby St

Richmond

The Arnold Company
2810 West Marshall St.

Radio Supply Company
3302 West Broad St

Wyalt-Cornick, lac.
Groce at 14th St.
Roanoke

H. C. Baker Sales Co., Inc.
19 Fronklin Rood

WASHINGTON

Bellingham
Waitkus Supply Co.
110 Grond Ave
Everett
Pringle Radio Wholesale Co
2514 Colby Ave.
Seattle

Alaska Radio Supply, Inc.
1844 Westlake Ave. North
Elecironic Supply Corp.
6305 - 4%1h Ave. S.W. .
Horper-Meggee, Inc.

960 Republican St.

Radic Producls Scles Co., Inc.

1214 First Ave

Seattle Rodic Supply, Inc.
2117 Secand Ave.

Western Electranic 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

Haorper-Meggee Co.
Narth 734 Division

Northwest Electronics Co.
North 102 Monroe St
Tacoma

C & G Redio Supply Co.
2502-6 Jefferson Ave.

A.T. Stewart Co.
743 Broadway

Walla Walla
Kar Radia & Electcic Co.
12th and Pine Ss.

WASHINGTON, B. C.

Copitol Rodio Wholesclers
2120 - 14th St. N.W.

Electronic Wholesolers inc.
2345 Sherman Ave. N.W.

General Electric Supply Corp.
705 Edgewood St. N.E.

Kenyon Radio Supply Company
2020 - 14th St N.W.

Rucker Radio Whalesalers
1312 14th St NLW,

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

Sun Radio
938 “F’ S N.W.

WEST VIRGINIA
Charleston
Chemcily Rodio & Electric Ca
103 Clendenin St.
Clarksburg

Trenton Radio Co.
791 Pike St.

Huntington

Electronic Supply, Inc.
422 Eleventh 51,

King & Irwin Inc.
316 Eleventh St.
Morganfown

Trenton Radio Co.
300 Grent Ave.

Wheeling

Generol Elecironics Distributors, Inc.
26 Tenth St

WISCONSIN
Appleton

Appleton Radio Supply Co.
1217 North Richmond St.

Valley Radio Distributars
518 North Appleton SI.

Madison

Sctierfield Radio Supply

326 West Gorhom St.
Marinette

G, M, Popkey Co.

Main at 9th 5t.
Milwaukee

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

Electro-Pliance Distributors, Inc.
2548 West Lisban Ave.

Radio Parts Ce., Inc.
536-38 West Stote St.
Wausau

Radio Service & Supply Co.
615 Thied St

WYOMING
Cheyenne

Hauge Rodio & Supply Co. ~
2008 Corey Ave,
















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 Eimaec 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 liferature.z=.4.s.67 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 Lissajon figure, has been
described by Brown.s
The results of using this computor for power
amplifier service can be applied in combination
with the other methods given in the literature to
give good accuracy with simpler procedues. The
resulting accuracy is well within the normal varia-
tion of tube characteristics due to the normal var-
iation in manufacturing dimensions of a tube. Since
the published tube curves are only typical of the
characteristics to be expected from a particular
tube type, the calculated performance is well with-
in the values expected when different tubes of a
given tube type are operated under the assumed
conditions.
Example Showing Detailed Use of the
Eimac Tube Performance Computor

Radio Frequency Power Amplifiex, 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 76% of the DC plate input power into RF
output power. The difference, or 25% of the in-
put power, is dissipated or lost as heat on the plate
of the tube. The DC plate input power is then
about four times the power dissipated on the plate.

The 4-65A tetrode has a maximum rated plate
dissipation of 65 watts, so, to illustrate perform-
ance near the maximum rating, we’ll choose an in-
put power four times the plate dissipation, or 260
watls per tube. At 2000 volis 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 bhias voltage to be roughly two or three times
the grid voltage necessary to cut off the flow of
plate current, By referring to the curves of the
4-65A. we decide to use a DC grid bias voltage
of -120 volts.

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

The peak value of plate current usually runs
about four times the DC plate current. The min-
imum value of instantaneous plate voltage is us-
ually set by the fact that if the voltage is too Iow
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.







point where the lines OA, OB, ete., cross the oper-
ating line so that they can be combined later to
calculate the various tube currents. At points
where: OF and OE cross, the current values are
often zero.

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

Crossing of Sﬁg&]ﬁ;ﬂ 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 A4+B+C+D+E4F)

Plate Screen Control Grid

250 Ma 82 Ma 30 Ma

510 100 50

460 25 30

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

132 18 Ma 10 Ma

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

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

1/12&1&-}-1 .93 EE)—(})—I g3 C+1 41 D+F4-0.52 F)
1.93 B=1.93x 510=985
1.73 C=1.73x 460=796
1.41 D=1.41x 290=409
E= 80=80

Total =2770 Ma

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

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

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

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

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

So; Output Power=1% x.230 x 1750== 201 watts,

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

Plate Dissipation =DC Input Power - RF Output Power

=264 - 201 =63 watts

=RF Output Power divided by

DC Input Power
=201/264

=T76%
Driving Power  =DC Grid CurrentxPeak RF Grid Voltage
So the Driving Power—.010 x 220 —=2.2 watts

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

‘'The difference between the driving power and the
power consumed by the bias source is the power
dissipated on the control grld or22-12 =1.0

Efficiency

- watts.

The power d1$Slpated on the screen grid is simply
the product of the DC screen current and the DC
screen voltage, because the screen grid has no
impedance between it and the DC screen supply.
Thus it is .018 x 250 — 4.5 watts:

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

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

DC Grid Current 10Ma | Plate Dissipation 63 Watts
Peak RF Grid
Voltage 220 Volts
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RADIO-FREQUENCY POWER AMPLIFIER

AND "OSCILLATOR
Class-C Telegraphy or FM Telephany

MAXIMUM RATINGS (Key-down conditions, per tube)

D-C PLATE YOLTAGE - - - - 3000 MAX. VOLTS
D-C SCREEN VOLTAGE - - - - 400 MAX. VOLTS
D-C GRID YOLTAGE - - - - —500 MAX. VOLTS
D-C PLATE CURRENT - - - - 150 MAX. MA
PLATE DISSIPATION - - - - 65 MAX. WATTS
SCREEN DISSIPATION - - - - 10 MAX. WATTS
GRID DISSIPATION - - - - 5 MAX. WATTS
PLATE-MODULATED RADIO-FREQUENCY

AMPLIFIER

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

- 2500 MAX.
400 MAX.
- —500 MAX.
120 MAX.
45 MAX.
10 MAX.

5 MAX,

YOLTS
YOLTS
YOLTS
MA
WATTS
WATTS
WATTS

TYPICAL OPERATION

D-C Plate Voltage - - -
D-C Screen Voltage - - -
D-C Grid Yoltage - - -
D-C Plate Current - - -
D-C Screen Current
D-C Grid Current - - -
Peak R-~F Grid Input Voltnge
{approx.) - -
Driving Power (approx.) - -
Screen Dissipation - - -
Plate Power Input - - -
Plate Dissipation - - - -
Plate Power Qutput - - -

TYPICAL OPERATION

D-C Plate Voltage
D-C Screen Voitage
D-C Grid Yoltage
D-C Plate Currenf
D-C Screen Current
D-C Grid Current
Screen Dissipation
Grid Dissipation - -
Peak A-F Screen Voltuge, 100%
Modulation -
Peak R-F Grid Input Volfuge
(approx.} -
Driving Power (upprox)
Plate Power Input -
Plate Dissipation - -
Plate Power Output -

10 000 a0
[ I I I I I
'

Tt

600 1000 1500 2000 3000
250 250 250 250 250
—50 —70 —75 —80 —90
140 150 150 150 115

40 40 35 30 20

13 15 14 12 10
145 170 180 175 170
1.9 25 25 21 17

10 10 9 8 5

84 150 225 300 345
30 45 55 65 65
54 105 170 235 280
600 1000 1500 2000 2500
250 250 250 250 250

1.0 1.2 1.2 13 7
175 175 175 175 175
190 210 225 225 235
2.1 25 27 26 1.9

70 120 180 240 270

volts
volts
volts
ma
ma
ma

volts
vafts
watts
watts
watts
watts

Note: Typica! operction data are based on conditions of adijusling to a specified plate current, maintaining fixed conditions of grid bias, screen voltage, ond r-f grid voltage.
1t will be found that if this procedure is followed, there will be littie variation in power output between tubes even though there moy be some varictions in grid and screen
currents, Where grid bias is obtained principally by means of a grid resistor, to control plote current it is necessary to make the resistor adjustable,

AUDIO-FREQUENCY POWER AMPLIFIER

AND MODULATOR
MAXIMUM RATINGS (PER TUBE)
D-C PLATE VOLTAGE

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

SCREEN DISSIPATION, PER TUBE

TYPICAL OPERATION

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

D-C Plate Voltage - - - -
D-C Screen Voltage - - - -
D-C Grid Yoltage (approx.)* -~ -
Zero-Signal D-C Plate Current -
Max-Signal D-C Plate Current -
Zcero-Signal D-C Screen Current -
Max-Signal D-C Screen Current -
Effective Load, Plate-to-Plate - -
Peak A-F Grid Input Voltage (per tube)
Driving Power - - - - -
Max-Signal Plate Dissipation (per tube)
Max-Signal Plate Power Qutput -

1000
500
—385
30
170
0

24
9000
85

0

45
80

1500
500
—85
3o
180
0

14
15,000
85

0

63
145

*Adjust to give stated zero signal plate current.

The effective grid circuit resistance for each tube must not exceed 250,000 ohms,
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1750

500

—90 volts
20 ma
170 ma
0 ma

volts
volts

17 ma
20,000 ohms
90 volts
0 watts
62 watts
175 watts

TYPICAL OPERATION
Class-AB, (Sinusoidal wave, two

D-C Plate Voltage - -

D-C Screen Voltage -

D-C Grid Voltage (approx. )"’

Zero-Signal D-C Plate Current
Max-Signal D-C Plate Current

Zero-Signa! D-C Screen Current
Max-8ignal D-C Screen Current
Effective Load, Plate-to-Plate

Peak A-F Grid Input Voltage
(per tube) -

Max-Signal Peak Driving Power

3000 MAX. VOLTS
600 MAX. VOLTS
150 MAX. MA

65 MAX. WATTS
10 MAX, WATTS

tubes unless otherwise specified)

- 600 1000 1500 1800
- 250 250 250 250
- —30 —30 —35 =35
- 60 60 60 50
- 300 300 250 220
- ¢ 0 0 0
- 60 45 30 25
- 3600 6800 14,000 20,000

120 105 100 90
- 6.2 5.0 32 2.2

Max-Signal Nominal Dnvmg Power

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

Max-Signal Plate Power Output

311 25 16 1

- 45 65 63 63
- 90 170 250 270

**Adjust to give stated zero signal plate current.

P Indicates change from sheet dated

volts
volts
volts
ma
ma
ma
ma
ohms

voits
watts

watts

watts
watts
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RADIO-FREQUENCY LINEAR POWER AMPLIFIER
SINGLE SIDE BAND SUPPRESSED CARRIER
Class-8 (One tube)

MAXIMUM RATINGS

D-C PLATE VYOLTAGE . - - - - -
D-C SCREEN VOLTAGE - - - . - -
PLATE DISSEPATION - - - - . - -
SCREEN DISSIPATION - - - - - -
GRID DISSIPATION - - - - . ..

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

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

TYPICAL O PERATION

D-C Plate Yoltage - - - - - 1500 2000 2500 volts
D-C Screen Valtage - - - - - 300 400 500 volts
D-C Grid Yoltage (approx.)® - - - =50 —75 —I100 volts
Zeso-Signal D-C Plate Current - - - 3 25 20 ma
Max-Signal D-C Plate Current - - - 200 270 230 ma
Zero-Signal D-C Screen Current - - - 0 1] 0 ma
Max-Sigral D-C Screen Current ** - - 35 50 5 ma
Max-Signal Peak R. F. Grid Voltage - 190 270 300 volts
Max-Signal Avg. Grid Current - - - 13 17 & ma
Max-Signal Avg. Driving Power - - - 24 4.4 1.8 watts
Max-Signal Plate Dissipation** - - - 105 190 225 watts
Average Plate Dissipation - - - - 60 65 §5 watts
Max-Signal Useful Power Output - - 150 100 325 watts

APPLICATION

MECHANICAL

Mounting—The 4-65A must be mounted vertically, base
up or base down. The socket must provide clearance for
the glass tip-off which extends from the center of the
base. A flexible connecting strap should be provided
between the plate terminal and the external plate circuit,
and the Eimac HR6 cooler used on the tube plate lead.
The socket must not apply lateral pressure against the
base pins. The tube must be protected from severe vibra-
tion and shock.

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

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

ELECTRICAL

Filament Voltage—The filament voltage, as measured
directly at the filament pins, should be between 5.7 volts
and 6.3 volts.
Bias Voltage—D-C bias voltage for the 2-65A 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=ecmplt
where Pg= Grid dissipation,
ecmp =Peak positive grid voltage, and
le=D-c grid current.
ecup may be measured by means of a suitable peak
voltmeter connected between filament and grid*

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

Screen Dissipation—The power dissipated by the screen
of the 4-65A must not exceed 10 watts. Screen dissipation
is likely to rise to excessive values when the plate voltage,
bias voltage or plate load is removed with filament and
screen voltages applied. Suitable protective means must
be provided to limit screen dissipation to 10 watts in
the event of circuit failure.

Plate Voltage—The plate-supply voltage for the 4-65A
should not exceed 3,000 volts. Above 50-Mc, it is advisable
to use a lower plate voltage than the maximum, since the
seal heating due to R-F charging currents in the screen
leads increases with plate voltage and frequency. See in-
structions on seal cooling under ‘Mechanical” and
"“shielding.”

Plate Dissipation—Under normal operating conditions,
the plate dissipation of the 4-65A should not be allowed
to exceed 65 watts in unmodulated applications.

In high-level-modulated amplifier applications, the
maximum allowable carrier-condition plate dissipation is
45 watts.

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

OPERATION

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

Where shielding is adequate, the feedback at fre-
quencies above 110 Mc. is due principally to screen-lead-
inductance effects, and it becomes necessary to introduce
in-phase voltage from the plate circuit into the grid cir-
cuit. This can be done by adding capacitance between
plate and grid external to the tube. Ordinary, a small
metal tab approximately 3" square and located adjacent
to the envelope opposite the plate will suffice for neutral-
ization. Means should be provided for adjusting the spac-
ing between the neutralizing capacitor plate and the
envelope. An alternate neutralization scheme for use
above 110 Mc., is illustrated in the diagram on page 4. In
this circuit, feedback is eliminated by series-tuning the
screen to ground with a small capacitor. The socket screen
terminals should be strapped together as shown on the

*For suitable peak V.T.V.M. circuits see, far instance, ''Vacuum Tube
Ratings,'” Eimac News, January 1945, This article is available in re-
print form on request,
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diagram, by the shortest possible lead, and the lead
from«the mid point of this screen strap to the capacitor,
C, and from the capacitor to ground should be made as
short as possible.

Driving power and power output under maximum out-
put and plate voltage conditions are shown on page 2. The
power output shown is the actual plate power delivered
by the tube; the power delivered to the load will depend
upon the efficiency of the plate tank and output coupling
system, The driving power is likewise the driving power
required by the tube (includes bias lass). 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 Mec.

Class-C AM Telephony—The R-F circuit considerations
discussed above under Class-C FM or Telegraphy also
apply to amplitude-modulated operation of the 4-65A.
When the 4-65A is used as a class-C high-level-modulated

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

640,000

T (Mo , approx.
amplifier, both the plate and screen should be modulated.
Modulation voltage for the screen is easily obtained by
supplying the screen voltage via a series dropping resistor
from the unmodulated plate supply, or by the use of an
audio-frequency reactor in the positive screen-supply
lead, or from a separate winding on the modulation trans-
former. When screen modulation is obtained by either
the series-resistor or the.audio-reactor methods, the
audio-frequency variations in screen current which result
from the variations in plate voltage as the plate is modu-
lated automatically give the required screen modulation.
Where a reactor is used, it should have a rated induct-
ance of not less than 10 henries divided by the number of
tubes in the modulated amplifier and a maximum current
rating of two to three times the operating D-C screen
current. To prevent phase-shift between the screen and
plate modulation voltages at high audio frequencies,
the screen by-pass capacitor should be no larger than
necessary for adequate R-F by-passing.

For high-level modulated service, the use of partial

grid-leak bias is recommended. Any by-pass capacitors
placed across the grid-leak resistance should have a
reactance at the highest modulation frequency equal to
at least twice the grid-leak resistance,
Class-AB, and Class-AB, Audio—Two 4-65As may be used
in a push-pull circuit to give relatively high audio output
power at low distortion. Maximum ratings and typical
operating conditions for class-AB, and class-AB; audio
operation are given in the tabulated data.

Screen voltage should be obtained from a source hav-

C(uu{d) =
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ing reasonably good regulation, to prevent variations in
screen voltage from zero-signal to maximum-signal condi-
tions. The use of voltage regulator tubes in a standard
circuit should provide adequate regulation.

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

The peak driving power figures given in the class-AB.
tabulated data are included to make possible an accurate
determination of the required driver output power. The
driver amplifier must be capable of supplying the peak
driving power without distortion, The driver stage should,
therefore, be capable of providing an undistorted average
output equal to half the peak driving power requirement.
A small amount of additional driver output should be pro-
vided to allow for losses in the coupling transformer.

In some cases the maximum-signal plate dissipation
shown under “Typical Operation’ is less than the maxi-
mum rated plate dissipation of 4-65A. In these cases,
with sine wave modulation, the plate dissipation reaches
a maximum value, equal to the maximum rating, at a
point somewhat below maximum-signal conditions.

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

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

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

KEYING THE TETRODE AMPLIFIER
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Tetrode Keying Circuit

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

One easy method of keying is to remove the excitation
and screen grid voltage simultaneously, while leaving the
plate voltage still applied to the amplifier stage. This
method also has an advantage in that the final tube can
be made to draw a safe amount of current key-up position,
maintaining a steadier drain on the power supply while
keying. This tends to minimize “blinking lights" on weak
AC supply lines when using moderate power. By properly




choosing the values of L, C, and R, in the circuit, perfectly
clean-cut highest speed hand keying can easily be obtained
that is entirely devoid of clicks.

The keying circuit is shown in the diagram and V, is
the driver tube, which may be any one of the small
tetrodes such as an 807, 6L6 or 6F6, used either as a
frequency multiplier or a straight-through amplifier. This
tube should furnish about five watts of output power
which allows ample driving power for one 4-654, includ-
ing circuit losses. Capacitance coupling is shown in the
diagram, but this, of course, could just as well be link
cougling.

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

When the key is up there is no excitation to the 4-65A,
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 22% volt C battery in the control grid circuit
will furnish sufficient bias to completely cut the plate
current off at 3000 volts, while some lower value of bias
can be used to permit a safe amount of current to flow
in key-up position, presenting a more constant load to
the power supply,

A tapped resistor R, serves to supply screen voltage to
V. and by adjusting this tap, the excitation to the 4-65A
may be easily controlled. This method of controlling the
output of a tetrode is not recommended in the larger
tetrodes, however, as it is wasteful of power and the
lowered power output obtained is due to a loss in
cfficiency. R. also serves as a means of keeping the screen
of the 4-65A at ground potential under key-up conditions,
stahilizing the circuit. R, is the normal power supply
bleeder.

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

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

SHIELDING

The internal feedback of the tetrode has been substan-
tially eliminated, and in order to fully utilize this advan-
tage, it is essential that the design of the equipment
completely eliminates any feedback external to the tube.
This means complete shielding of the output circuit from
the input circuit and earlier stages, proper reduction to
low values of the inductance of the screen lead to the
R-F ground, and elimination of R-F feedback in any
common power supply leads.

Complete shielding is easily achieved by mounting the
socket of the tube flush with the deck of the chassis as
shown in the sketch.

HR-6 HEAT DISSIPATING
/ CONNEGTOR

[M

_—
- AIR

\-SOCKET

The holes in the socket permit the flow of convection
air currents from below the chassis up past the seals in the
base of the tube, This flow of air is essential to cool the
tube and in cases where the complete under part of the
chassis is enclosed for electrical shielding, screened holes or
louvers should be provided to permit air circulation. Note
that shielding is completed by aligning the internal screen
shield with the chassis deck and by proper R-F by-passing
of the screen leads to R-F ground. The plate and output
circuits should be kept 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-electrode voltages are either raised or lowered
by the same relative amount, the shape of the voltage
field pattern is not altered, nor will the current distribu-
tion be altered; the current lines will simply take on
new proportionate values in accordance with the three-
halves power law. This method fails only where insuffi-
cient cathode emission or high secondary emission affect
the current values.

For instance, if the characteristic curves are shown
at a screen voltage of 250 volts and it is desired to deter-
mine conditions at 500 screen volts, all voltage scales
should be multiplied by the same factor that is applied
to the screen voltage (in this case—2). The 1000 volt
plate voltage point now becomes 2000 voits, the 50 volt
grid voltage point, 100 volts, etc.
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The current lines then all assume new values in ac-
cordamce with the 3/2 power law, Since the voltage was
increased by a factor of 2, the current lines will all be
increased in value by a factor of 27: or 2.8. Then all the
current values should be multiplied by the factor 2.8.
The 100 ma. line becomes a 280 ma. 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
egual to the 3/2 power of this factor.

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

/ KI:GSA

Voltage Factor 25 5 75 10 125 150 175

Corresponding

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

Current Factor 28 34 40 46 52

SINGLE SIDE BAND
SUPPRESSED CARRIER OPERATION

The 4-65A may be operated as a class B linear ampli-
fier in SSSC operation and peak power outputs of over 300
watts per tube may be readily obtained. This js made
possible by the intermittent nature of the voice. If steady
audio sine wave modulation is used, the single side band
will be continuous and the stage will operate as a C-W
class-B amplifier. With voice modulation the average
power will run on the order of 1/5th of this continuous
power. :

The same precautions regarding shielding, coupling
between input and output circuits, and proper R-F by-
passing must be observed, as described under Class-C
Telegraphy Operation.

Due to the widely varying nature of the load imposed
on the power supplies by SSSC operation, it is essential
that particular attention be given to obtaining good regu-
lation in these supplies. The bias supply especially,
should have excellent regulation, and the addition of a
heavy bleeder to keep the supply well loaded will be
found helpful.

Under conditions of zero speech signal, the operating
bias is adjusted so as to give a plate dissipation of 50
watts at the desired plate and screen voltages. Due to
the intermittent nature of voice, the average plate dis-
sipation will rise only slightly under full speech modula-
tion to approximately 65' watts. At the same time,
however, the peak speech power output of over 300
watts is obtained.

SSSC TUNING PROCEDURE

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

times that of speech under similar conditions of single,

side band operation and the final amplifier would be
subjected to a heavy overload. One method of lowering
the duty cycle of the audio oscillator to closer approxi-
mate speech conditions would be to modulate the
oscillator with a low frequency.
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An alternate method would be to use the continuous
audio sine wave, making all adjustments at half voltages
and half currents on the screen and plate, thus reducing
the power to one quarter. The stand-by plate dissipation
under these conditions should be set at about 10 watts.
Following these adjustments, minor adjustments at full
voltages and 50 watts of stand-by plate dissipation could
then be made, but only allowing the full power to remain
on for ten or fifteen second intervals.

The first step is to loosely couple the oscilloscope to
the output of the exciter unit. The final amplifier with
its filament and bias voltages turned on should also be
coupled to the exciter at this time. With the audio
oscillator running, adjust the exciter unit so that it
delivers double side band signals. Using a linear sweep
on the oscilloscope, the double side band pattern will
appear on the screen the same as that obtained from a
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 watching the oscilloscope pattern and the grid meter
in the final stage.

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

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

If the reduced duty cycle method is used, the follow-
ing tuning procedure may be followed:

1. Cut the audio output to zero.

2, Apply 120 volts of bias to the 4-65A control grid.

3. Apply the operating plate voltage followed by
the operating screen voltage.

4, Reduce bias voltage to obtain 50 watts of stand-by
plate dissipation.

5. Increase audio gain, checking the oscilloscope pat-
tern for linearity as in the case of the exciter, and adjust
for optimum antenna coupling.

6. Re-adjust exciter unit for single side band opera-
tion.

7. Disconnect test signal and connect microphone.

8. Adjust the audio gain so that the voice peaks give
the same deflection on the oscilloscope screen as was
obtained from the test signal peaks.

If the alternate method is used with a 100% duty
cycle from the audio oscillator, then step 3 should be to
apply half voltages and the stand-by plate dissipation
should be set at 10 watts,

After the audio oscillator is disconnected and step
8 completed at half voltages, the full voltages can then
be applied and the stand-by plate dissipation adjusted
for 50 watts.

It is essential that the microphone cable be well
shielded and grounded to avoid R-F feedback that might
not occur when the lower impedance audio oscillator is
used as an audio source.

Typical operational data are given for SSSC in the
first part of this data sheet.
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Typical radio-frequency power amplifier circuit, Class-C
telegraphy, 345 watts input.

COMPONENTS FOR TYPICAL CIRCUITS

Lp1-Cpi— Tank circuit appropriate for operating frequency:
@ =12, Capacitor plate spacing =.200".
Lp2-Cp2— Taak circuit appropriate for operating frequency:
Q@ =12. Capacitor plate spacing=.200".
Lp3-Cpa— Tank circuit appropriate for operating frequency;
@ =12, Capacitor plate spacing=.375".
Lgi-Cg1— Tuned circuit appropriate for operating frequency.
Lg2-Cg2— Tuned circuit appropriate for operating frequency.
Cy— .002 -ufd. 500V Mica
Ca— 002 -ufd. 5000V Mica
C3—.001 -ufd. 2500V Mica
C4—.| -ufd. |OOOY paper
Cs—.| -ufd. 400 V paper
Co— 16 -ufd. 450V Electrolytic
C7— 10 -pfd. 100V Electrolytic
R1—53,000 ohms 200 watt—40,000 ohm adjustable
R>—250,000 ohms | watt
R3— 5,000 ohms 5 watt
Rs— 25,000 ohms 2 watts
Rs— 26,500 ochms 200 watts—30,000 ohm adjustable
R¢— 2,500 ohms 5 watts
Ry— 750 chms 5 watts
RFC1— 2.5 mhy. 125 ma. R-F choke
RFC2— | mhy. 500 ma. R-F choke
T1— 150 watt modulation transformer; ratio primary to second-
ary impedance approx. I:l.I Pri. impedance 15,000 ohms,
sec. impedance 16,700 ohms.
T2— 5 watt driver transformer impedance ratio primary to 1/2
secondary 1.5:l. :
T3—300 watt modulation transformer; impedance ratio pri. to
sec. approx. 2.4:11 Pri, impedance =20,000 ohms, sec. im-
pedance =8,333 ohms.
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Typical high-level-modulated R-F amplifier, 240 watts plate
input. Modulator requires zero driving power,

Typical high-level-modulated R-F amplifier circuit, with
modulator and driver stages, 480 watts plate input.
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AUDIO-FREQUENCY POWER AMPLIFIER
AND MODULAYOR

Class-ABy.

MAXIMUM RATINGS

D-C PLATE VOLTAGE - - . =« - - - - - 3000 MAX. YOLTS
D-C SCREEN VOLTAGE - - - - - - - - 400 MAX. YOLTS
MAX-SIGNAL D-C PLATE CURRENT, PER TUBE - . - - 225 MAX. MA
PLATE DISSIPATION, PER TUBE - - - - - -« 125 MAX. WATTS
SCREEN DISSIPATION, PER TUBE - - - - - - - 20 MAX, WATTS

AUDIO-FREQUENCY POWER AMPLIFIER
AND MODULATOR

Class-A83.

MAXIMUM RATINGS

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

D-C SCREEN VOLTAGE - - - - - - - - - 400 MAX. YOLTS
MAX-SIGNAL D-C PLATE CURRENT, PER TUBE - - - - 225 MAX. MA

PLATE DISSIPATION, PER TUBE - - . -~ . . - 125 MAX. WATTS
SCREEN DISSIPATION, PER TUBE - - - - - - - 20 MAX. WATTS

4-125A

(4D21)

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

D-C Plate Voltage - - - - 1500 2000 2500 vaits
D-C Screen Voltage - - - - 600 600 600 volts
D-C Grid Yoltage? - - - - =90 -4 -96 volts
Zero-Signal D-C Plate Curr:nt - - 60 50 50 ma
Max-Signal D-C Plate Current - - 222 240 232 ma
Zero-Signal D-C Screen Cutrent - - =10 -0.5 -0.3 ma
Mex-Signal D-C Screen Current - - 17 6.4 8.5 ma
Effective Load, Plate-to-Plate - - -10,200 13,400 20,300 ohms
Peak, A-F Grid Input Voltage [per tube) 90 94 Q6 volts
Drmng Power - - o] 0 0 watt
Max-Signal Plate DISSIPO'IOH [per 1ube) 87.5 125 125 watts
Max-Signol Plate Power Qutput - - 1358 230 330 watts
Total Harmonic Distortion - - - 5 2 2.4 per ct

TYPICAL OPERATION (Sinusoidal wave, two tubes unless otherwise specified)
D-C Plate Yoltage - - - 1500 2000 2500 volts

D-C Screen Voltage - - - - - 350 350 350 valts
D-C Grid Voltage - - - - - -41 -45 -43 valts
Zero-Signal D-C Plate Curran1 - - - 87 72 93 ma
Max-Signal D-C Plate Current - - - 400 300 260 ma
Zero-Signal D-C Screen Current - - - 0 0 o] ma
Max-Signal D-C Screen Current - - - 34 S 6 ma
Effective Load, Plate-to-Plate - - - - 7200 13,600 22,200 ot
Peak A-F Grid Input Yoltage (per tube) - 141 105 89
Max-Signal Avg. Driving Power (approx.) -« 2.5 1.4

Max-Signal Peak Driving Power - - - 52 3.1 il
Max:Signal Plate Dissipation {per 1uhe] - TS 125 watts
Max-Signal Plate Powers Output - 350 .J watts
Total Harronic Distortion - 1 2.2 per ct

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

IF 1T 1S DESIRED TO OPERATE THIS TUBE UNDER CONDITIONS WIDELY DIFFERENT FROM THOSE GIVEN UNDER “TYPICAL OPERATION," POSSIBLY EXCEEDING THE MAXIMUM
RATINGS GIVEN FOR CW SERVICE, WRITE EITEL-McCULLOUGH, INC., FOR INFORMATION AND RECOMMENDATIONS.

APPLICATION

MECHANICAL

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

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

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

A flexible connecting strap should be provided between the HR-4 Heat
Dissipating Plate Connector on the plote terminal and the external circuit,
The tube must be protected from severe. vibration and shock.

100 O O 048

"=k q]

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

Cooling—Adequate cooling must be provided for the seals and
envelope of the 4-125A. In continuous-service applications, the
temperature of the plate seal, as measured onh the top of the
plate cap, should not exceed 170° C. A relatively slow movement of
air past the tube is sufficient to prevent seal temperatures in excess of maxi-
mum at frequencies below 30 Mc. At frequencies above 30 Mc., radio-fre-
quency losses in the leads and envelope contribute to seal and envelope
heating, ‘and special attention should be given to cooling. A small fan or
centrifugal blower directed toward the upper portion of the envelope will
usvally provide sufficient circulation for cooling at frequencies above 30 Mc,,
however.

P> Indicates change fram sheet dated 3.15.50
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In intermittent-service applications where the “on” time does not exceed
a fotal of flve minutes in any ten-minute period, plate seal temperatures as
high as 220° C. are permissible. When the ambient temperaiure does not
exceed 30° C. it will not ordinarily be necessary to provide forced cooling
to hold the temperature below this maximum at frequencies below 30 Mc,,
provided that a heat-dissipafing plate connector is used, and the tube is so
located that normal circulation of air past the envelope is not impeded.

Provision must be made for circulation of air through the base
of the tube. Where shielding or socket design makes it impossible to allow
free circulation of air through the base, it will be necessary to apply forced-air
cooling to the stem structure. An air flow of two cubic feet per minute through
the base will be sufficient for stem cooling.

ELECTRICAL

Filament Voltage—For maximum tube life the filament voltage, as meas-
ured directly at the filament pins, should be the rated value-of 5.0 valts.

Unavoidable variations in filament voltage must be kept within the range from
4.75 to 5.25 volts.

Bias Voltage—D-c bias voltage for the 4-125A should not exceed 500
volts. 1§ grid-leak bias is used, suitable protective means must be provided
to prevent excessive plate or screen dissipation in the event of loss of excitation.

Screen Voltage—The d-c screen voltage for the 4-125A should not exceed
400 volts, except for class-AB1 audio operation,

Plate Voltage—The plate-supply voltage for the 4-125A should not exceed
3000 volts for frequencies below 120 Mc. The moximum permissible plate
voltage is less than 3000 volts above 120 Mc., as shown by the graph on
page 4.

Grid Dissipation—Grid dissipation for the 4-125A should not be allowed
to exceed five watts. Grid dissipation may be calculated from the following
expression:
Pg=ecmplc
where Pg= Grid dissipation,
ecmp = Peak positive grid voltage, and

[e=D-c grid current.

ecmp may be measured by means of a suitable peak voltmeter cannected
between filament and grid+.

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

4 Far 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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(4D21)

Plate Dissipation—Under normal operating conditions, the plate dissipa-
tion of the 4-125A should not be allowed 1o exceed 125 watis in unmoduloted
applications.

In high-level-modulated omplifier applications, the maximum allowahble
carrier-condition plate dissipation is 85 watts. The plate dissipation will rise
to 125 watts under 100% sinusoidal modulation,

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

OPERATION

Class-C Telegraphy or FM Telephony—The 4-125A may be operated
as a class-C telegraph or FM telephane amplifier without neutralization up to
about 30 Mc. if reasonable precautions are taken to prevent coupling between
input and output circuits external fo the tube. A grounded metallic plate on
which the socket may be mounted as shown in the mounting diagram on page
two provides on effective isolating shield between grid and plate circuits. In
single-ended circuits, plate, grid, filoment and screen by-pass capacitors
should be returned through the shortest possible leads to a common chassis
point. In push-pull applications the filament and screen terminals of each tube
should be by-passed to @ common chassis point by the shortest possible leads,
and short, heavy leads should be used to interconnect the screens and fila-
ments of the two tubes. Care should be taken to prevent leakage of radio-
frequency energy to leads entering the amplifier, to prevent grid-plate
coupling between these leads external to the amplifier.

Where shielding is cdequate, the feed-back at frequencies above 100
Mec. is due principally to screen-lead-inductance effects, and it becomes neces-
sary to introduce in-phase voltage from the plate circuit inlo the grid circuit.
This can be done by adding capaciiance between plate and grid external
to the tube. Ordinarily, a small metal tab approximately %-inch square con-
nected to the grid terminal and located adjacent to the envelope opposite
the plate will suffice for neutralization. Means shauld be provided for adjust-
ing the spacing between the neutralizing capacitor plate and the envelope,
but care must be taken 1o prevent the neutralizing plate from touching the
envelope. An alternative neutralization scheme is illustrated in the diagram
below. In this circuit feed-back is eliminated by series-tuning the screen to
ground with o small capacitor, The socket screen terminals should be strapped
together, as shown on the diagram, by the shortest possible lead, and the
leads from the screen terminal to the capacitor, C, and from the capacitor to
ground should be made as shori as possible. All connections to the screen
terminals should be made to the center of the strap between the terminals,
in order to equalize the current in the two screen leads and prevent over-
heating one of them. The valve for C given under the diagram presupposes
the use of the shoriest possible leads.

At frequencies below 100 Mc. ordinary neutralization systems may be used.
With reasonably effective shielding, however, neutralization should not be
required below about 30 Mc.

The driving power and power output under typical operating conditions,
with maximum output and plate voltage, are shown an page 4. The power
output shown is the actual plate power delivered by the fube; 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 re-
quired by the tube (includes bias loss). The driver output power should exceed
the driving power requirement by a sufficient margin 1o allow for coupling-
circuit losses. These losses will not ordinarily amount to more than 30 or 40
per cent of the driving power, except at frequencies above 150 Mc. The use
of silver-plated linear tank-circuit elements is recommended ot frequencies
above 100 Mc.

Conventional capacitance-shortened quarter-wave linear grid tank circuits

having a calculated 75 of Y60 ohms or Jess may be used with the 4-T25A
up to 175 Mc. Above 175 Mc. linear grid tank circuits employing a “capacitor''-
type shorting bar, as illustrated in the diagram below, may be used. The
capacitor, C1, may consist of two silver-plated brass plates one inch square
with a piece of .010-inch mica or polystyrene as insulation.

Class-C AM Telephony—The r-f circuit considerations discussed above
under Class-C Telegraphy or FM Telephony also apply to amplitude-modu-
lated operation of the 4-125A. When the 4-125A is used as a class-C high-
level-modulated amplifier, modulation should be applied to both plate and
screen. Modulation voltage for the screen may be obtained from a separate
winding on the modulation transformer, by supplying the screen voltage via a
series dropping resistor from the unmodulated plate supply, or by the use
of an audio-frequency reactor in the positive screen-supply lead. When screen
modulation is obtained by either the series-resistor or the audio-reactor
method, the audio-frequency varictions in screen current which result from
variations in plate voltage as the plate is modulated automatically give the
required screen modulation. Where a reactor is used, it should have a rated
inductance of not less than 10 henries divided by the number of tubes in the
modulated amplifler and a maximum current rating of two or three times the
operating d-c screen current. To prevent phase shift between the screen and
plate modulation voltages at high audio frequencies, the screen by-pass
capacitor should be no larger than necessary for adequate r-f by-passing.
Where screen voltage is obtained from a separate winding on the modulation
transformer, the screen winding should be designed to deliver the peak screen
modulation voltage given in the typical operating data on page 1.

For high-level modulated service, the use of partial grid-leak bias is recom-
mended. Any by-pass capacitors placed across the grid-leak resistance should
have a reactance at the highest modulation frequency equal to at least twice
the grid-leak resistonce.

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

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

Grid bias voltage for class-AB2 service may bé 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-AB1
conditions the effective grid-circuit resistance for each tube should not exceed
250,000 ohms.

The peak driving power figures given in the closs-A87 tabulated data are
included to make possible an accurate determination of the required driver
output power. The driving amplifier must.be capable of supplying the peak
driving power without distortion, The driver stage should, therefore, be cap-
able of providing an undistorted average output equal to half the peck
driving power requirement. A small amount of additional driver output should
be provided to allow for losses in the coupling transformer.

The power ouiput 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.

so0n REC

+Esa

4-125A

+Ees

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

640,000

C =
huuta) 2 [Mc.)

, Approx.

Typical circuit arrangement usefuf for frequencies above.
175 Me.
Ly—3" dia. copper spaced,
1" center-to-center, 6” long.
Lo—%" dia. brass, silver plated,
spaced 1%42” center-to-center,

14” long.
Page Three

Cy1—See above.
Co—Neutralizing capacitor.
C3~.001pfd.
C4—100upufd.
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COMPONENTS FOR TYPICAL CIRCUITS
{Diagrams, Page 5)

Lp1-Cp1—Tank circuit appropriate for operating frequency; @=12.
Capacitor plate spacing =.200".
Lp2-Cp2—Tank circuit appropriate for operating frequency; @=12.
Capacitor plate spacing=.200".
Lp3-Cp3—Tank circuit appropriate for operating frequency; Q=12.
Capacitor plate spacing=.375",
Lp4-Cpa—Tank circvit appropriate for operating frequency; @=12.
*  Capacitor plate qucing=,375".
Lg1-Cg1—Tuned circuit appropriate for operating frequeacy.
Lg2-Cg2—Tuned circuit appropriate for operating frequency.
Cy1—.002-ufd., 500-v. mica
C2—.002-ufd., 5000-v, mica
C3—.001-ufd., 2500-v. mica
C4—16-pfd., 450.v. electrolytic
C5—~10-pfd,, 25-v. elecirolytic
R1~7000 ohms, 5 watts
R2~—70,000 ohms, 100 watts
R3—3500 ohms, 5 watts
R4—35,000 ohms, 200 walits
R5—560 ohms, 1 watt
Rg—25,000 ohms, 2 watts
R7— 1500 ohms, 5 watts
RFC| —2.5-mhy., 125-ma. r-f choke
RFC2—1-mhy., 500-ma. r-f choke
Ty—10-watt driver transformer; ratio pri. to 2 sec. approx. 2:1.
T2—200-watt modvulation transformer; ratio pri. to sec. approx. 1:1;
pri. impedance= 16,200 ohms, sec. impedance =16,500 ohms.
T3—5-watt dtiver transformer; ratio pri. to ¥2 sec. approx. 1.1:1.
T4—400-watt modvulation transformer; ratio pri. to sec.’approx. 2.7:1;
pri. impedance = 22,200 ohms, sec. impedance =8300 ohms.
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Ecca Er Ecct I Po Ees 1 Ecct Ecc2 Pp Ef Esn
D.C. SCREEN VOLTS| FILAMENT VOLTS | DC.GRID VOLTS | DAIVING POWER | O.C. FLATE VOLTS D.C.GRID VOLTS _| DC.SCREEN VOLTS | DRIVING POWER | FILAMENT VOLTS | DC.PLATE VOLTS
350 v, G0 MA._ | 5.0V. —1S0V, 12MA, | 3.8 WATTS _ | 2500V, 200 MA_ 150V, 28 MA. 350V, 80 MA 7.6 WATTS 5.0 V. 2500 V, 400 MA.
350V, 30 MA. | 50 V. =150V, 9MA. | 2.5 WATTS | 3000 V., 167 MA. =150 V., 18 MA, 350 V., B0 MA. 5.0 WATTS 5.0V, 3000 V., 335 MA.

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

Typical radio-freqlency power amplifier circuit, Class-C
telegraphy, 1000 watls input.
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Typical high-level-modulated r-f amplifier circuit, with modulator
and driver stages, 380 watts plate input.

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

SEE PRECEDING PAGE FOR

LIST OF COMPONENTS
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AUDIO-FREQUENCY POWER AMPLIFIER

AND MODULATOR—CLASS AB

MAXIMUM RATINGS (PER TUBE)
D-C PLATE VOLTAGE - . - . - .
D-C SCREEN VOLTAGE - - . - -
MAX-SIGNAL D-C PLATE CURRENT - - -

PLATE DISSIPATION - - . - - -
SCREEN DISSIPATION - - e . -
GRID DISSIPATION - - - - . -

TYPICAL OPERATION CLASS AB,
(Sinusoidal wave, two tubes unless otherwise specifiad)

D-C Plate Yoltage - - - 1500 2000 2500 3000 volts
D-C Screen Voltage - - - 400 400 600 800 volts
D-C Grid Voltage *.2 - .- . —95 —|04 —[10 —IIé volts
Zera-Signal D-C Platea Current - 120 1o 120 120 ma

Max-Signal D-C Plate Currant - 400 405 430 417 ma
Zero-Signal D-C Screen Current - —0.4 —03 —03 —02 ma

Max-Signal D-C Screen Current - 23 2 13 05 ma
Effectiva Load, Plate-to-Plate - 6250 9170 11,400 15000 ohms
Peak A-F Grid Input Voltage

(per tube) - - - - 64 88 90 93 volts

- 0 0 0 D wahs

(per tube) - - - - 145 175 225 250 watts
Max-Signal Plata Power Output - 310 450 625 750 wats
Total Harmonic Distortion - - 4 25 2 2.5 per cent
1Adjust jor stated zero-signal plate current.
2The effective grid-circuit resistance must not exceed 250,000 ohms.

Driving Power - -
Max-Signal Plate Dissipation

[
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[
[

[
[
[
[l

’
[

3

{5D22)

4000 MAX. YOLTS
600 MAX, YOLTS
350 MAX. MA
250 MAX. WATTS

- - - - - - - 35 MAX. WATTS
- - - - - - - 10 MAX. WATTS

TYPICAL OPERATION CLASS AB,

{Sinusoidal wave, two tubes unless otherwise specified)
D-C Plate Yoltage - - 1500 2000 2500 3(3)80 volts

D-C Screen Voltage - - - 300 300 300 0 vohs
D-C Grid Voltager - - - —48 —43 —5I —53 volts
Zero-Signal D-C Plate Current - 100 120 120 125 ma
Max-Signal D-C Plate Current - 485 510 500 473 ma
Zero-Signal D-C Screen Current - 0 Q 0 0 ma

Max-Signal D-C Screen Current - 34 26 23 33 ma
Effective Load, Plate-to-Plate - 5400 8000 10,900 16,000 ohms
Peak A-F Grid Input Voltage

(per tube) - - - - 9% 99 100 99 volts
Max-gignal Avg. Driving Power
(approx.) - - 2.1 23 22 1.9 watts

Max-Signal Peak ISriving Pt;wer- 4.7 5.5 48 4.6 watts
Max-Signal Plate Dissipation
(per tube) - - - 150 185 205 190 watts

. Max-Siﬂnal Plate Pawer Oufpuf: 428 650 840 1040 watts

Total Harmenic Distortion - - 3 4 4 4.5 par cent

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

APPLICATION

Mechanical

P Mounting—The 4-250A must be mounted vertically, base down
or base up. The socket must be constructed so as to allow an
unimpeded flow of air through the holes in the base of the tube
and must also provide clearance for the glass tip-off which
extends from the centar of the base. The tube should be mounted
above the chassis deck to allow free circulation of air in the
manner shown in the mounting diagram below, The metal tube-
base shell should be grounded by means of suitable spring
fingers. The above requirements are met by the E. F. Johnson
Co. socket No, 122.275, the National Co. socket No, HX-100,
or a similar socket.

A flexible connecting strap should be provided between the
HR-6 Heat Dissipating Plate Connector on the plate terminal
and the external circuit. The tube must be protected from
severe vibration and shock.

| |

L \

00 0 004

s

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

b Indicates change from sheet dated 7-1-51
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Cooling—Adequate cooling must bs provided for the seals and
envelope of the 4-250A. Forced-air circulation in the amount
of five cubic feet per minute through the base of the tube is
required. This air should be applied simultaneously with filament
power. The temperature of the plate seal, as measured on the
top of the plate cap, should not exceed 170°C. in continuous-
service applications.

A relatively slow movement of air past the tube is sufficient
to prevent a plate seal temperature in excess of the maximum
rating at frequencies below 30 Mc. At frequencies above 30
Mc., radio-frequency losses in the leads and envelope contribute
to seal and envelope heating and special attention should be
given to bulb and plate seal cooling. A small fan or centrifugal
blower directed toward the upper portion of the envelope will
usually provide sufficient circulation for cooling at frequencies
above 30 Mc. [The Eimac 4-400A Air-System Socket provides a
convenient method of mounting and cooling the 4-250A at VHF,
should the user desire to use it. Full information is available on
the 4-400A data sheet, or it will be sent from the factory on
request.)

In intermittent-service applications where the "on" time does
not exceed a total of five minutes in any ten-minute period,
plate-seal temperatures as high as 220° C, are permissible. When
the ambient temperature does not exceed 30° C, it will not
ordinarily be necessary to provide forced cooling of the bulb
and plate seal to hold the temperature below this maximum at
frequencies below 30 Mc., provided that a heat-radiating plate
connector is used, and the tube is so located that normal circu-
lation of air past the envelope is not impeded.

Electrical

D 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.

Bias Yoltage—D-c bias voltage for the 4-250A should not exceed
500 volts. If grid-leak bias is used, suitable protective means
must be provided to prevent excessive plate or screen dissipation
in the event of loss of excitation.




Grid Dissipation—Grid dissipation for the 4-250A should not be
allowed to exceed ten watts. Grid dissipation may be calculated
from the following expression:
Pgﬂeumule
where P;=06rid dissipation
ecmp = Peak positive grid voltage, and
le=D-c grid current.

ecmp May be measured by means of a suitable peak voltmeter
connected between filament and grid®.

Screen Voltage —The d-c screen voltage for the 4-250A should
not exceed 600 volts.

Screen Dissipation—The power dissipated by the screen of the
4-250A must not exceed 35 watts. Screen dissipation is likely to
rise to excessive values when the plate voltage, bias voltage or
plate load is removed with filament and screen voltages applied.
Suitable protective means must be provided to limit screen
dissipation to 35 watts in the event of circuit failure.

Plate Voltage —The plate-supply voltage for the 4-250A should
not exceed 4000 volts for frequencies below 75 Mc. Above 75
Mc., the maximum permissible plate voltage is less than 4000
volts, as shown by the graph on page four.

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

In plate-modulated amplifier applications, the maximum allow-
able carrier-condition plate dissipation is 165 watis,

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

Operation

Class-C FM or Telegraphy —The 4-250A may be operated as a
class-C amplifier, FM or telegraphy, without neutralization up to
30 Me. if reasonable precautions are taken 1o prevent coupling
between input and output circuils external to the tube. A
grounded metallic plate on which the socket may be mounted
and to which suitable connectors may be attached to ground the
tube base shell, provides an effective isolating shield between
grid and plate circuits. {n single-ended circuits, plats, grid, fila-
ment and screen by-pass capacitors should be returned through
the shortest possible leads to a common chassis point. In push-
pull applications the filament and screen terminals of each tube
should be by-passed to a common chassis point by the shortest
possible leads, and short, heavy leads should be used to inter-
connect the screens and filaments of the two tubes. Care should
be taken to prevent leakage of radio-frequency energy to leads

RFC

+Eap

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

o
"

4-250A

(5D22)

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

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

Where shielding is adequate, the feed-back at frequencies
above 45 Mc. is due principally to screen-lead-inductance
effects, and it becomes necessary to intreduce in-phase voltage
from the plate circuit into the grid circuit. This can be done by
adding capacitance botween plate and grid external to the tube.
Ordinarily, a small metal tab approximately ¥%-inch square con-
nected to the grid terminal and located adjacent to the envelope
opposite the plate will suffice for neutralization. Means should
be provided tor adjusting the spacing between the neutralizing
capacitor plate and the envelope. An alternative neutralization
scheme is illustrated in the diagram below. In this circuit, feed-
back is eliminated by series-tuning the screen to ground with a
small capacitor. The socket screen terminals should be strapped
together, as shown on the diagram, by the shortest possible lead,
and the leads from the screen terminal to the capacitor, C, and
from the capacitor to ground should be made as short as poss-

ible.

Driving power and power output under maximum output and
plate voltage conditions are shown on page 4. The power output
shown is the actual plate power delivered by the tube; the
power delivered to the load will depend upon the efficiency of
the plate tank and output coupling system. The driving power is
likewise the driving power required by the tube (includes bias
loss). The driver output power should exceed the driving power
requirement by a sufficient margin to allow for coupling-circuit
losses. The use of silver-plated linear tank-circuit elemients is
recommended for all frequencies above 75 Mc.

Class-C AM Telephony _The r-f circuit considerations discussed
above under Class-C FM or Telegraphy also apply to amplitude-
modulated operation of the 4-250A. When the 4-250A is used
as a class-C plate-modulated amplifier, modulation should be
applied to both plate and screen. Modulation voltage for the
screen may be obtained from a separate winding on the modu-
lation transformer, by supplying the screen voltage via a series
dropping resistor from the unmodulated plate supply, or by the
use of an audio-frequency reactor in the positive screen-supply
lead. When screen modulation is obtained by either the series-
resistor or the audio-reactor method, the audie-frequency varia-
tions in screen current which result from the variations in plate
voltage as the plate is modulated automatically give the required
screen modulation. Where a reactor is used, it should have a
rated inductance of not less than 10 henries divided by the
number of tubes in the modulated amplifier and a maximum
currenf rating of two or threg times the operating d-c screen
current. To prevent phase shift between the screen and plate
modulation voltages at high audio frequencies, the screen by-
pass capacitor should be no larger than necessary for adequate
r-f by-passing.

For plate-modulated service, the use of partial grid-leak bias
is recommended. Any by-pass capaciters placed across the grid-
leak resistance should have a reactance at the highest modula-
tion frequency equal to at least twice the grid-leak resistance,

Class-AB, and Class-AB, Audio —Two 4-250A's may be used in
a push-pull circuit to give relatively high audio output power at
low distortion. Maximum ratings and typical operating conditions
for class-AB, and class-AB: audio operation are given in the
tabulated data,

Screen voltage should be obtained from a source having
reasonably good regulation to prevent variations in screen volt-
age from zero-signal to maximum-signal conditions. The use of
voltage regulator tubes in a standard circuit should provide ade-
quate regulation.

Grid bias voltage for class-AB; service may be obtained from
batteries or from a small fixed-bias supply. When a bias supply
is used the d-c resistance of the bias source should not exceed
250 ohms. Under class-AB, conditions the effective grid-circuit
resistance should not exceed 250,000 chms.

4 For suitable peak v.t.v.m. circvits see, for instance, ''Vacuum Tube
Ratings,'” Eimac News, Jenuary, 1945. This article is available in reprint
form on request.
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The peak driving power figures given in the
class-AB; tabulated data are included to make
possible, an accurate determination of the required
driver output power. The driver amplifier must be
capable of supplying the peak driving power with-
out distortion. The driver stage should, therefore,
be capable of providing an undistorted average
output equal to half the peak driving power re-
quirement. A small amount of additional driver
output should be provided to allow for losses in the

coupling transformer.

In some cases the maximum-signal plate dissipa-
tion shown under "Typical Operation" is less than
the maximum rated plate dissipation of the 4-250A.
In these cases, the plate dissipation reaches a
maximum value, equal to the maximum rating, at a

point somewhat below maximum-signal conditions.

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

due to losses in the output transformer,
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Typical radio frequency power amplifier circuit, Class-C R rWE S LRon pncmi M

telegraphy, 1000 watts input.

Typical high-level-modulated r-f amplifier circuit, with
modulator stage, 675 watts input.

COMPONENTS FOR TYPICAL CIRCUITS

Lor - Cp1 — Tank circuit appropriate for operating frequency;
@ = 12. Capacitor plate spacing=.200",

Lz - Cpz — Tank circuit appropriate for opoerating frequency;
Les @ =12. Capacitor plate spacing=.200".
Lps - Cpa — Tank circuit appropriate for operating frequency;
{3 @ =12. Capacitor plate spacing=.375",
e Ra RFCa L¢i -Cys — Tuned circuit appropriate for operating frequency.

4-250 TCz2 [N\$-250A
— % N\
= 1 py 7 ottty e §
A %) )

L¢z -Cgz — Tuned circuit appropriate for operating frequency.
C, — ,002-ufd. 500-v. mica

= H = C: — .002-ufd. 5000-v mica

= cooma C, — 001-ufd., 2500-v. mica

[ — 2 W " Ci—.l-ufd., 1000-v, paper
suicwo| %c’ c 'QT C; — .I-ufd. 600-v. paper

|
}
[
|
|
1
| R7
|
|
I
1
J

Cs; — .5-ufd. 600-v paper

| 22 MA.
J Coz \L-%%%ﬁ (. C;— .03-utd., 400-v. paper
; alyan C; — .l-ufd., 1000-v. paper
] Co — .25-ufd., 1000-v. paper
! Loz R, — 86,700 ohms, adjustable 100,000 ohms, 100 watts
i _JI‘_____ - R: — 250,000 ohms, I/ watt
Ri— 15,000 ohms, 5 watts
8547 & 4-2508 A1 Rs — 25,000 ohms, 2 watts
cs = L. Rs — 2,500 ohms, 5 watts
1t = T Rr— 35,000 ohms, |60 watfs
rel It | 222 ™ R, — 250,000 ohms, Y, watt
P S F Ro — 200,000 ohms, 2 watts
Rnn Ric— 500 ohms, Yo watt
h _1 R, — | megohm, 5 watt
Co R | Ri2— 100,000 ohms, | watt
ik iy | R A38nA Ris — 200,000 ohms, I/z watt
A AR A vRiso Riu— 10,000 ohms, V5 watt
=)o entso Ris — 50 ohms, 10 watts
= = { rvwym R~ 100,000 ohms, {00 watts
2504 ocasvatos REC, — 2.5-mhy., 125-ma, r-f choke
ﬂ 0C3/VRI08 RFC; — [-mhy., 500-ma. r-f choke
900 T {’ —T s T, — 350-watt modulation transformer; ratio pri. to sec. approx.
%, % ?’f;.?ru Ba%  +jlre  -@w A N +zay| 1.8 : 1; pri. impedance 20,300 ohms, sec. impedance 13,300
SWATTS MAX,

ohms.

T:— 600-watt modulation transformer; ratio pri. to sec. approx.
1.8 : I; pri, impedance 1,400 ohms, sec. impedance 6,250
modulator and driver stages, 1000 watts input, ohms,

Typical high-level-modulated rf amplifier circuit, with
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PLATE MODULATED RADIO FREQUENCY

/ 4-400A
AMPLIFIER

Class-C Telephony (Carrier conditions unless otherwise specified. One tube)
MAXIMUM RATINGS TYP[;:AL VOPERATION {Frequencies befow 75 Mc.)
’ I . -
D.C PLATE VOLTAGE i ) i D-C Plate VYoltage 2000 2500 3000 volts

3200 MAX. YOLTS D-C Screen Voltage 500 500 500 wvolts
D-C SCREEN YOLTAGE - - -

D-C Grid Voltage —220 220 —220 volts
600 MAX. YOLTS

D-C Plate Current 275 275 275 tna

D-C Screen Current . - 30 28 26 ma
D-C GRID VOLTAGE - - - —500 MAX. YOLTS D-C Grid Current A 12 12 12 ma

Sereen Dissipation - - 15 14 13 wahs
D-C PLATE CURRENT _ _ - 275 MAX. MA Grid Dissipation - - - [N} 1.1 1.1 watts

Peak A-F Screen Voltage
(100% modulation) - - -
Peak R-F Grid Input Vofiage - -

350 350 350 volts

PLATE DISSIPATION - - - - 290 290 290 volts

270 MAX. WATTS

SCREEN DISSIPATION . . - 35 MAX. WATTS Plate Power lops L - o - do  din g watte
Plate Dissipation - - - . - 170 178 195 watts

Ve e
w
o
w
n
w
[ty

GRID DISSIPATION - - - - 10 MAX. WATTS Plate Power Output . - - - 380 510 630 watts

' AUDIO FREQUENCY POWER AMPLIFIER

AND MODULATOR—CLASS AB

MAXIMUM RATINGS (PER TUBE)
D-C PLATE YOLTAGE - - - - - - - - - - - - -
D-C SCREEN YOLTAGE - - - - - - - - - - - -
MAX-SIGNAL D.C PLATE CURRENT - - - - - - - - - -
PLATE DISSIPATION - - - - - - - - - - - - .
SCREEN DISSIPATION - - - - - - - - - - - - .
GRID DISSIPATION - - - - - - - - - - - - . -

TYPICAL OPERATION CLASS AB; TYPICAL OPERATION CLASS AB;
(Sinusoidal wave, two tubes unless otherwise specified) (Sinusoidal wave, two tubes unless °'hez"‘5"g“ spacified)

D.C Plate Voltage - - - 2500 3000 3500 4000 volts gg;';;:n"?,‘;ﬁgg- Do 200 . 3opn  3s00 400D voirs

4000 MAX, YOLTS
800 MAX. YOLTS
350 MAX. MA.
400 MAX. WATTS
35 MAX, WATTS
10 MAX. WATTS

D-C Screen Voltage - - 750 750 750 750 volts D-C Grid Voltage (approx.)* : —75 —80 —85 —90 volts
D-C Grid Voltage (approx.)* . —I130 —I37 —I45 —IS0 vois Zero-Signal DCgPla(iepEurre)nf - 190 150 140 120 ma
Zero-Signal D-C Plate Current - 190 160 140 120 ma Max-Signal D-C Plate Current - 700 700 700 638 ma
Max-Signal D-C Plate Current - 635 835 810 585 ma Zero-Signal D-C Screen Current - 0 0 0 0 ma
Zero-Signal D-C Screen Current - 0 0 0 0 ma Max-Signal D-C Screen Current - 50 40 38 32 ma
Max-Signal D-C Screen Current - 28 26 32 40 ma Effective Load, Plate-to-Plate . 7200 9100 10,800 14,000 ohms
Effective Load, Plate-to-Plate - 6800 8500 11,500 14,500 ohms Peak A-F G”d lnpu? Volfage
Peak A-F Grid Input Vol?aga (per tube) . 133 140 145 140 volts

{per tube) - - -0 137 145 150 volts Max-Signal Peak Driving Power 8.6 9.0 102 7.0 watts

Driving Power - - - 0 0 0 0 wahs Max-Signal Nominal Driving Powar 43 45 5.1 3.5 watts

Max-Signal Plate Dussupahon Max-Signal Plate Dlssmahon
{per tube) - 370 400 400 400 watts (per tube) - - 320 363 400 400 watts
Max-Signal Plate Power Oufput . 850 1110 (330 1540 watts Max-Signal Plate Power Oufpuf - 1110 1375 1450 1750 watts

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

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

Pulse Service —For information on Pulse Service Ratings, '"Application Bulletin No. 3, Pulse Service Notes', will be furnished free on request.

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

APPLICATION

| ] MECHANICAL

Mounting—The 4-400A must be mounted vertically, base
up or base down. The socket must be constructed so as
to allow an unimpeded flow of air through the holes in
the base of the tube and must also provide clearance for
the glass tip-off which extends from the center of the
base. The metsl tube-base shell should be grounded by
means of suitable spring fingers. The above requirements
are met by the Eimac 4-400A Air-System Socket. A
flexible connecting strap should be provided between the
Eimac HR-6 cooler on the plate terminal and the external
plate circuit. The tube must be protected from severe
vibration and shock.

Cooling—Adequate forced-air cooling must be prov1ded
to maintain the base seals at a temperature below 200°C.,
and the plate seal at a temperature below 225°C.

When the Eimac 4-400A Air System Socket is used,
a minimum air flow of 14 cubic feet per minute at a
static pressure of 0.25 mches of water, as measured in
the socket at sea level, is required to provide adequate
cooling under all conditions of operation. Seal tempera-
ture limitations may require that cooling air be supplied
to the tube even when the filament alone is on during
standby periods.

In the event an Air-System Socket is not used, pro-
vision must be made to supply equivalent cooling of the
base, the envelope, and the plate lead.

Tube temperatures may be measured with the aid of
) Indicates change from sheet dated 4-1-51.

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

| 3 ELECTRICAL

Filament Veoltage—For maximum tube life the filament
voltage, as measured directly at the filament pins, should
be the rated voltage of 5.0 volts. Variations in filament
voltage must be kept within the range from 4.75 to
5.25 volts.

Bias Voltage—The d-c bias voltage for the 4-400A should
not exceed 500 volts. If grid leak bias is used, suitable
means must be provided to prevent excessive plate or
screen dissipation in the event of loss of excitation, and
the grid-leak resistor should be made adjustable to faci-
litate maintaining the bias voltage and plate current at
the desired values from tube to tube. In operation above
50 Mc., it is advisable to keep the bias voltage as low as
is practicable. (See Operation)

Screen Voltage—The d-c screen voltage for the 4-400A
shculd not exceed 600 volts in r-f applications. In audio
applications a maximum d-¢ screen voltage of 800 volts
may be used. The screen voltages shown under ‘“Typical
Operation” are representative voltages for the type of
operation involved.

Plate Voltage—The plate-supply voltage for the 4-400A
should not exceed 4000 volts in CW and audio applica-
tions. In plate-modulated telephony service the d-c plate-
supply voltage should not exceed 3200 volts.




ot

Grid Dissipation—Grid dissipation for the 4-400A should
not be allowed to exceed 10 watts. Grid dissipation may
bé calculated from the following expression:
Pe=ecmpl.

where P; =QGrid Dissipation

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

I. =D-cgrid current

ecmp mMay be measured by means of a suitable peak

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

Screen Dissipation—The power dissipated by the screen
of the 4-400A must not exceed 35 watts. Screen dissipa-
tion is likely to rise to excessive values when the plate
voltage, bias voltage or plate load are removed with fila-
ment and screen voltages applied. Suitable protective
means must be provided to limit screen dissipation to 35
watts in event of circuit failure.

Plate Dissipation—Under normal operating conditions,
the plate dissipation of the 4-400A should not be allowed
to exceed 400 watts.

In plate modulated amplifier applications, the maxi-
mum allowable carrier-condition plate dissipation is 270
watts. The plate dissipation will rise to 400 watts under
100% sinusoidal modulation.

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

OPERATION

CLASS-C R-F AMPLIFIER

Neutralization—If reasonable precautions are taken to
prevent coupling between input and output circuits, the
4-400A may usually be operated up to the 30-Mc. region
without neutralization. Below 45 Mec. the conventional
type of cross-neutralization may be used with push-pull
circuits, or in single-ended circuits ordinary neutralization
systems may be used which provide 180° out-of-phase
voltage to the grid. A simple and effective method of
neutralizing single-ended tetrode circuits is described in
the August 1950 issue of CQ magazine in an article by
Warren B. Bruene on “How to Neutralize Your Single-
ended Tetrode Final'. >

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

In general, plate, grid, filament and screen by-pass or
screen neutralizing capacitors should be returned to r-f
ground with low inductance leads.

In order to take full advantage of the high power-gain
obtainable with the 4-400A, care should be taken to pre-
vent feedback from the output to input circuits. A con-
ventional method of obtaining the necessary shielding
between the grid and plate circuits is to use a suitable
metal chassis with the grid circuit mounted below the
deck and the plate circuit mounted above the deck.
Power supply leads entering the amplifier should be by-
passed to ground and properly shielded to avoid feed-
back coupling in these leads. The output circuit and an-
tenna feeders should be arranged so as to preclude any
possibility of feedback into other circuits.

' Indicates change {rom sheet dated 4-1.51.

VHF Circuits—A typical linear tank circuit for use with
the 4-400A in the 110 Mec. region consists of a “quarter-
wave length’ plate tank and a “half-wave length” grid
tank circuit. Precautions must be observed in the place-
ment of components to avoid the possibility of accident-
ally creating higher frequency tank circuits than desired.
This could occur if a tuning capacitor were placed in a
position on the line where it would create a spurious
resonant circuit above the fundamental frequency. A
properly neutralized amplifier at the fundamental fre-
quency would appear regenerative at higher parasitic
frequencies, and instability or oscillation would result.

Any capacitance tuning in the plate line should be kept
to a small value, acting as a trimmer for the shorting-
bar tuning. Such a variable capacitor should be posi-
tioned on the plate line as close as possible to the plate
leads. The tuning capacitor on the “half-wave” grid line
should be positioned at the extreme end of the line away
from the tube.

In many cases where parasitic oscillation or regenera-
tive harmonic amplification occurs, it is not evident until
grid excitation at the fundamental frequency is applied.
If the amplifier tunes in a normal] manner and the effi-
ciency appears normal for the frequency of operation, it
may be assumed that the amplifier is free of parasitic
oscillation and harmonic regeneration.

VHF Operation—Above 50 Mc. electron transit time fac-
tors in the tube become important, increasing in degree
as the frequency is increased. When the grid swings
highly negative in potential, electrons ‘‘trapped” en route
by the rapidly changing r-f voltage can be deflected from
their normal paths. If excessively large r-f plate voltages
exist due to light plate loading, these electrons are re-
jected at high velocity to bombard tube parts normally
outside the electron stream. This effect occurs when an
amplifier goes into parasitic oscillation, as there is prac-
tically no loading in the plate circuit and the excitation
is almost always extremely high. Bombardment can
cause premature tube failure by a focusing of stray elec-
trons on metal parts or the glass envelope of a tube. Such
concentration of a stray electron stream will usually
overheat the material at the point of focus, with the
probability of gas evolvement that can lead to loss of fila-
ment emission or destruction of the tube. Where glass
is the overheated material, a small hole or “suck-in” can
occur, opening the tube to atmosphere. Dependent upon
the degree of bombardment, tube failures can occur in a
matter of minutes or after a few thousand hours of life.
Either way, the full life potential is not realized.

In order to minimize stray bombardment, the following
rules should be followed in vhf operation of straight-
through amplifiers:—

1. Use a minimum amount of bias (not over 1.5 to 2.0
times cut-off).

2. Use only enough drive to obtain satisfactory opera-
tion and good plate efficiency.

3. Use fairly heavy plate loading, Avoid operating the
plate unloaded or lightly loaded at any time. Sufficient
loading is indicated by low d-c screen current, Values on
the order of 7% of the d-c plate current should not be
exceeded. If conditions are such that the stage must be
operated lightly-loaded, then the driving power should be
reduced proportionately. Install undercurrent protection,
especially where unloaded operation can occur due to
antenna failures or transmission line icing.

4, QOperate the screen grid at a reasonably high volt-
age, still keeping within screen dissipation ratings.

5. Due to high charging currents present in vacuum
tubes at high frequencies, it is essential that all connec-
tions to the tube terminal surfaces be kept clean and
make positive, firm contact.










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

MAXIMUM RATINGS (Per tube to 110 Mc.)

D-C PLATE YOLTAGE - - - . . - 5000 MAX. YOLTS*
D-C SCREEN YOLTAGE - - - - - - 1000 MAX. YOLTS
D-C GRID YOLTAGE - - - - - - —500 MAX. YOLTS
D-C PLATE CURRENT - - - . . . 600 MAX. MA.

PLATE DISSIPATION L 870 MAX. WATTS
SCREEN DISSIPATION - - . . . - 75 MAX. WATTS
GRID DISSIPATION CE 25 MAX. WATTS

*5500 Max. volis belew 30 Mec.

TYPICAL OPERATION (Frequencies below |10 Mc., one tube)
D-C Plate Voltage - - - - 3000 4000 000 5500* volts
D-C Screen VYoltage - 500 500 500 500 volts
D-C Grid VYoltage - —~200 =200 =200 -=200 volis
D-C Plate Current - - 600 600 600 600 ma
D-C Screen Current - 145 132 130 105 ma

[ T
[ I T T

D.C Grid Current - 36 33 33 28 ma
Screen Dissipation 72 (1] 65 52  watts
Grid Dissipation - 5 4 4 3 watts

Peak A. F. Screen Valfage

(100% modulation) -
Peak R-F Grid Input Volfage
Driving Power** -

250 250 250 250 volts
340 335 335 325 volts
12 1 11 9 watts
Plate Power Input - - 1800 2400 3000 3300 watts
Plate Dissipation - - - 410 490 540 670 watts
Plate Power Output = - 1390 1910 2440 2630 watts
*5500 volt operation may he used only below 30 Mc.
**Apparent driving power requirements increase above 30 Mc. At 110
Mc. the driver should ke capable of supplying 200 watts per tube
to take care of feed-through, circuit losses, and radiation.

AUDIO FREQUENCY POWER AMPLIFIER AND MODULATOR

Class AB

MAXIMUM RATINGS (PER TUBE)
D-C PLATE VOLTAGE - - - - - .
D-C SCREEN VOLTAGE - - - -
MAX-SIGNAL D-C PLATE CURRENT - - -
PLATE DISSIPATION - - - - -
SCREEN DISSIPATION - - - - - -

TYPICAL OPERATION

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

D-.C Plate Voltage - - - - - 4000 5000 6000 volts
D-C Sereen Yoltage . - - 1000 1000 1000 volis
D-C Grid VYoltage {approx. )' - - —lI5 —I25 —I35 volts
Zeso-Signal D-C Plate Current - - 300 240 200 ma

Max-Signal D-C Plate Current - - 1.05 1.00 .95 amp
Zora-Signal D-C Screen Current - - 0 0 0 ma

Max-Signal D-C Screen Current - - 60 60 &4 ma

Effective Load, Plate-to-Plate -~ 7000 10,000 14,000 ohms
Peak A-F Grid Input Voltage (per tube) 115 125 135 volts
Driving Power - - - ] 0 0 watis
Max-Signal Plate D:mpahon (per tube) 930 950 930 watis
Max-Signal Plate Power Output - - 2340 3100 3840 watts

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

- - - - - - - 6000 MAX. VOLTS
- - - - - - - 1000 MAX. YOLTS
- - - - - - - 700 MAX. MA

- - - - - - - 1000 MAX. WATTS
75 MAX. WATTS

TYPICAL OPERATION

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

D-C Plate VYoltage - - - - - 4000 5000 600D voifs
D-C Screen Voltage - - . 500 500 500  volts
D-C Grid Voltage (approx. )‘ - - —40 —70 —75 volts
Zero-Signal D-C Plate Curcent - - 300 200 150 ma
Max-Signal D-C Plate Current . . 1.20 1.10 .95 amp
Zaro-Signal D-C Screen Current - - 0 0 Q ma
Max-Signal D-C Screen Current - - 95 90 &5 ma
Effective Load, Plate-to-Plate - - 7000 11,000 15,000 ohms
Peak A-F Grid Inpuf Voltage (per fube) 140 145 130 volts
Max-Signal Peak Driving Power - 1.0 11.0 9.4  watts
Max-Signal Nominal Dnvmg Power

(approx.} - 55 5.5 4.7 watts
Max-Signal Plate Dlsslpaﬂon (per fube) 900 850 900 watts
Max-Signal Plate Power Output - - 3000 3800 3900 watts

*Adjust fo 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 THE MAXIMUM RATINGS GIVEN FOR CW SERYICE, WRITE EITEL-McCULLOUGH, INC., FOR INFORMATION AND RECOMMENDATIONS.

Pulse Service —For information on Pulse Service Ratings, "'Application Bulletin No. 3, Pulse Service Notes', will be furnished free on request.

APPLICATION

MECHANICAL

Mounting—The 4-1000A must be mounted vertically
base up or base down. The socket must be constructed
so as to allow an unimpeded flow of air through the
holes in the base of the tube. The socket must also pro-
vide clearance for the glass tip-off which extends from
the center of the base. The metal tube base shell should
be grounded by means of suitable spring fingers. A flex-
ible connecting strap should be provided between the HR
cooler on the plate terminal and the external plate cir-
cuit. The socket must not apply excessive lateral pressure
against the base pins. The tube must be protected from
severe vibration and shock,

Cooling—Adequate forced-air cooling must be provnded
to maintain the base seal temperatures below 150°C and
the plate seal below 200°C. The problem of cooling is
greatly simplified by using the Eimac 4-1000A Air-Sys-
tem Socket and its accompanying chimney. This system
is designed to maintain the correct balance of cooling
air for the varicus parts of the tube. The minimum
quantity of air required by this system for maximum
power output at 110 Mec, is 45 cfm at an inlet static
pressure of approximately 1.2 inches of water.

In the event that an Air-System Socket is not used,
provision must be made to circulate air through the base,
around the envelope and over the plate seal, This is in
addition to the normal cooling required by the base. Seal

)Indicaf:s changes from sheet dated ()-15-50.

Page Two

temperature limitations may require that cooling air be
supplied to the tube even when filament alone is on dur-
ing standby periods.

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

ELECTRICAL

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

Bias Voltage—The D-C bias voltage for the 4-1000A
should not exceed 500 volts. If grid-leak bias is used,
suitable protective means must be provided to prevent
excessive plate or screen dissipation in the event of loss
of excitation, and the grid-leak resistor should be made
adjustable to facilitate maintaining the bias voltage and
plate current at the desired values from tube to tube.
In the case of operation above 50 Me., it is advisable to
keep the bias voltage as low as possible. (See “Opera-
tion"".)

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




Plate Voltage—The plate-supply voltage for the 4-1000A
should not exceed 6000 volts in CW and audio appli-
cations. In plate-modulated telephony service above 30
Mec., the D-C plate-supply voltage should not exceed 5000
ﬁolts; (}ilowever, below 30 Mec., 5500-volt operation may
e 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:
Pe=ecmplc
where: Py= Grid dissipation,
ecmp = Peak postive grid to cathode voltage, and
I.= D-c grid current,
ee.mp May be measured by means of a suitable peak
volt-meter connected between filament and grid. (For
suitable peak v.t.v.m, circuits, see for instance, ‘“Vacuum
Tube Ratings’, Eimac News, January 1945, This article
is available in reprint form on request.)
Screen Dissipation—The power dissipated by the screen
of the 4-1000A must not exceed 75 watts, Screen dissi-
pation is likely to rise to excessive values when the plate
voltage, bias voltage or plate load are removed with fila-
ment and screen voltages applied. Suitable protective
means must be provided to limit screen dissipation to
75 watts in event of circuit failure.

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

In plate modulated amplifier applications, the maxi-
mum allowable carrier-condition plate dissipation is 670
watts. The plate dissipation will rise to 1000 watts under
100% sinusoidal modulation.

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

OPERATION
CLASS.C R-F AMPLIFIER

Neutralization—If reasonable precautions are taken to
prevent coupling between input and output circuits, the
4-1000A may be operated up to the 10 Mc. region with-
out neutralization. In the region between 10 Mc. and 30
Mec., the conventional type of cross-neutralizing may he
used with push-pull circuits. In single-ended circuits
ordinary neutralization systems may be used which pro-
vide 180° out of phase voltage to the grid. A simple and
effective method of neutralizing single-ended tetrode cir-
cuits is described by Warren B. Bruene in “How to Neu-
tralize Your Single-Ended Tetrode Final”, in the August,
1950, issue of CQ magazine.

At frequencies above 30 Mc. the feedback is principally
due to screen-lead-inductance effects. Feedback is elim-
inated by using series capacitance in the screen leads
between the screen and ground. A variable capacitor of
from 25 to 50 uufds will provide sufficient capacitance to
neutralize each tube in the region of 100 Mc. When using
this method, the two screen terminals on the socket
should be strapped together by the shortest possible lead.
The lead from the mid-point of this screen strap to the
variable capacitor and from the variable capacitor to
ground should be made with as low inductance as possible.

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

In order to take full advantage of the high power gain
obtainable with the 4-1000A, care should be taken to
prevent feedback from the output to input circuits, A
conventional method of obtaining the necessary shielding
beween the grid and plate circuits is to use a suitable
metal chassis with the grid circuit mounted below the
deck and the plate circuit mounted above the deck.
Power supply leads entering the amplifier should be by-

passed to ground and properly shielded to avoid feedback
coupling in these leads. The output circuit and antenna
feeders should be arranged so as to preclude any possi-
bility of feedback into other circuits.

VHF Circuits—A typical linear tank circuit for use with
the 4-1000A in the 110 Mec. region consists of a ''quarter
wavelength” plate tank and a ‘“half wavelength” grid
tank circuit. Precautions must be observed in the place-
ment of components to avoid the possibility of acci-
dentally creating higher frequency tank circuits than the
desired one. This could occur if a tuning capacitor were
placed in a position on the line where it would create a
resonant circuit at or near a harmonic frequency. A
properly neutralized amplifier at the fundamental fre-
quency would appear regenerative at higher parasitic
frequencies and instability or oscillation would result.

Any capacitance tuning in the plate line should be
kept to a small value, acting as a trimmer for the
shorting-bar tuning. Such a variable capacitor should be
positioned on the plate line as close as possible to the
plate leads. The tuning capacitor on the ‘“half wave"
grid line should be positioned at the extreme end of the
line away from the tube.

In many cases where parasitic oscillation or regen-
erative harmonic amplification occurs, it is not evident
until grid excitation at the fundamental frequency is
applied. If the amplifier tunes in a normal manner and
the efficiency appears normal for the frequency of opera-
tion, it may be assumed that the amplifier is free of
parasitic oscillation and harmonic regeneration,

VHF Operation—Above 50 Mec., electron transit time
factors in the tube become important, increasing in
degree as the frequency is increased. When the grid
swings highly negative in potential, electrons, 'trapped”
enroute by the rapidly changing r-f voltage, can be
deflected from their normal paths. If excessively large
r-f plate voltages exist due to light plate loading, these
electrons are rejected at high velocity to bombard tube
parts normally outside the electron stream. This effect
occurs when an amplifier goes into parasitic oscillation,
as there is practically no loading in the plate circuit and
the excitation is almost always extremely high. Bombard-
ment can cause premature tube failure by a focusing of
stray electrons on metal parts or the glass envelope of
a tube. Such concentration of a stray electron stream
will usually overheat the material at the point of focus,
with the probability of gas evolvement that can lead to
loss of filament emission or destruction of the tube.
Where glass is the overheated material, a small hole or
“suck-in"' can occur, opening the tube to atmosphere.
Dependent upon the degree of bombardment, tube fail-
ures can occur in a matter of minutes, or after a few
thousand hours of life. Either way, the full life potential
is not realized.

In order to minimize stray bombardment, the follow-
ing rules should be followed in vhf operation of straight
through amplifiers.

1. Use a minimum amount of bias (not over 1.5 to 2.0
times cut-off).

2. Use only enough drive to obtain satisfactory opera-
tion and good plate efficiency.

3. Use fairly heavy plate loading. Low plate voltage
and high plate current is better than high plate voltage
and low plate current. Avoid operating the stage unloaded
or lightly loaded. If conditions are such that the stage
must be operated lightly-loaded, then the driving power
should be reduced proportionately. Install under-current
protection, especially where unloaded operation can
occur due to antenna failures or transmission line icing.

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

b‘ndicafas changes from sheet dated I!-15-50.
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Note: Typical operation data are based on conditions of adjusting to a s
voltage, suppressor vollage and r-f grid voltage. It will be found that i

1.
o -
-

cificied plate current, maintalning fixed conditions of grid bias, screen
this precedure is followed, there will be little variation in power

output betwean 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 fo 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, screemn,
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 suz-
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 electrons. A d-c
potential of approximately 1600 volts is applied
between the filament and the cathode cylinder, and
the recommended cathode heating power of 3000
watts is obtained with approximately 1.9 amperes.

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

the voltage applied between the inner filament and
the cathode cylinder.

For maximum tube life the filament voltage,
as measured directly at the filament terminals, and
the cathode power should be held at their rated
values. Variations in filament voltage should be
held within the range of 9.5 to 10.5 volts, cathode
power within the range of 2700 to 3300 watts.

Caution: It must be kept in mind that the fila-
ment is at a potential of 1600 volts d-c with respect
to ground. The filament transformer and voltmeter
must be adequately insulated for this voltage.

Anode Cooling—The water-cooled anode requires
6 gallons per minute of cooling water for the rated
20 kilowatts of plate dissipation. This corresponds
to a pressure drop of 1 pound per square inch across
the water jacket. The inlet water pressure must not
exceed a maximum of 25 pounds per square inch.

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

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

The cathode and filament-stem also require
forced-air cooling. A minimum of 30 cubic feet
per minute must flow into the space enclosed by
the outer filament spring collet connection. Part
of this air flows through the three air holes pro-
vided in the center of the base of the tube. This
air cools the filament stem and vents through the
nine holes in the base inside the cathode terminal.

The filament spring collet fingers should be
adequately spaced to allow approximately three-
quarters of the air to flow through the collet. A
cylindrical duct of non-metallic material, approxi-
mately 2% inches in diameter, should be placed
around the cathode connecting collet to guide the
air along the cathode contacting surface and onto
the cathode-to-glass seal. The temperature of the
seals should not exceed 150°C.

Tube temperatures may be measured with the
aid of “Tempilag”, a temperature-sensitive lacquer
manufactured by the Tempil Corporation, 132
West 22nd St., New York 11, N. Y.

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

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

}Indicates change from sheet dated 8-15-52
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PLATE-MODULATED RADIO.
FREQUENCY AMPLIFIER

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

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

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

TYPICAL OPERATION (Frequencies up to 165 Mc.)

D-C Plate Yoltage - - - - 400 600
D-C Screen VYoltage - - - 250 250
D-C Grid Yoltage - - - - -90 —95
D-C Plate Current . - - - 200 200
D-C Screen Current - .. 40 35
D-Q Grid Current - - - - 7 8
Peak A-F Screen Voltage ef crasf

of 100% Moadulation - 140 150
Peak R-F Grid Inpu} Volfaqe

{approx.) - - t10 120

Driving Power (approx.) - - | I

Plate Dissipation - - - - 25 40
Plate Power [nput - - - - B0 120
Plate Power Output - e . 55 80

800
250
-100
200
25

160

120
1.5
40

160

100

1000
250

—108

200
20

170

25

80

200
140

volts
volts
volts
ma
ma

ma

volts

valts

watts
watts
watts

watts

RADIO-FREQUENCY POWER
AMPLIFIER

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

D-C PLATE VOLTAGE - 1250 MAX. YOLTS
D-C SCREEN YOLTAGE - 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 2i6 Mc,,

D-C Plate Yoltage - e e e . 750
D-C Screen Voltage - - - - - 300
D-C Grid VYoltage - - - - - —50
During Sync-Pulse Peak:
D-C Plate Current - - - - - 335
D-C Sereen Current - - - - - 50
D-C Grid Current - - - - - 15
Peak R-F Grid Voltage - e . - 85
R-F Driver Power (approx.) - - - 7
Useful Powar Oufput - - - - - 135
Black Level:
D-C Plate Current - . - . - 245
D-C Screen Current - - - - - 20
- D-C Grid Current - - - 4
Peak R-F Grid Voltage (apprax) ~o- 45
R-F Driver Power (approx.) - - - .4.25
Plate Power lnput - - - - - 185
Useful Power Qutput - - - - - 75

5-Mc. bandwlidth)

1000
300
—65

330
45
20
95

8

200

240
IS
4
70
47
240
110

1250
300
—70

230

75

290
140

volts
volts
volts

ma
ma
ma
volts
waits
watis

ma
ma
ma
volts
watts
watts
watts

CLASS-AB OR -B POWER
AMPLIFIER OR MODULATOR

MAXIMUM RATINGS (Per tube)

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

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

Page Two

TYPICAL OPERATION

Class AB (Sinusoidal wave, iwo fubes unless otherwise specified)

D-C Plate Yoltags - - - - 400 800
D-C Screen Yoltage - - 300 300
D-C Grid Volfage (approx. )‘ . -44 —47
Zero-Signal D-C Plate Current - 160 120
Max-Signal D-C Plate Curreat - 380 380
Zero-Signal D-C Screen Current - 0 0
Max-Sigral D-C Screen Current - 85 65

Effective Load, Plate-to-Plate 3550 4425

Peak A.F Grid Inpui Volfege
{per tube) - - 44 47

Driving Power (] 0
Max-Signal Plate D|s:|paf|on

{per tube) - - 45 55
Max-Signal Plate Power Oufput - 140 195

1000
300
-47

120
380
0

60
5850
47

0

70
240

1250
300
—48
115
390
0

40
7200

48
0

9
30

volts
volts
volts
ma
ma
ma
ma
ohms

volts
watts

0 watts

watts

*Adjust grid voltage to obtain specified zero-signal plate current.
Maximum permissible qrid circuit series resistance 100,000 chms per fube.

TYPICAL OPERATION

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

D-C Plate Yoltage - - - - 600 a00
D-C Screen VYoltage - - - 300 300
D-C Grid Yoltage** - - ~41 —43
Zero-Signal D-C Plata Currenf - 185 160
Max-Signal D-C Plate Current - 485 490
Zero-Signal D-C Screen Current - 0 0
Max-Signal D-C Screen Current - 85 75
Effective Load, Plate-to-Plate - 2600 3500
Peak A-F Grid Inpuf Volfaqe

(per tube) - - 7 48
Max-Signal Peak Dnvmg Powar - 0.15 0.15
Max. S\gnal Nominal Drlvmg Power

{approx.) 75 75
Max- Slqnal Plate Dunpaf:on

(per tubse) - 40 75
Max- ngnal Plate Powef Oufpuf - 170 240

1000
300
—-43
165
495
4

70
4600
49
0.15
75

90
315

1250
300

—a44"

180
475

volts
volts
volts
ma
ma,

4 ma

65
5600

50
0.15

75

85
425

ma
ohms

valts
watts

mw

watts
watts

**Adjust grid voltage to obtain specified zero-signal plete current.




APPLICATION

MECHANICAL

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

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

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

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

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

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

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

ELECTRICAL

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

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

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

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

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

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

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

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

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

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

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

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

4, Fairly heavy plate loading is required. In genersl,
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 1009 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 ochms.

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

Page Three
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PLATE-MODULATED RADIO-FREQUENCY
AMPLIFIER

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

MAXIMUM RATINGS

“ 4E27A/5-125B

.-
-

TYPICAL OPERATION
Zero Suppressor Yolts, 500 Screen Yolts
D-C Plate Yoltage - -
D-C Grid Voltage - -

D-C Plate Current - - - -

D-C Screen Current*

- 1000 1500 2000 2500 volts
- ~[90 —195 -200 —205 volis
- 149 150 151 (52 ma
- 20 18 17 16 ma

D.C PLATE VOLTAGE - - - 3200 MAX. YOLTS D‘Ckefid Sc“"“"; - - - - 7 7 8 8 ma
D-C SCREEN VOLTAGE - - . 750 MAX. YOLTS Peak AP Screen Voltage

(100% Modulation) ~ - - . 350 350 350 350 volts
D-C GRID VOLTAGE - - . .  -500 MAX. VOLTS Peak R-F Grid Input Voltage - - - 260 265 270 275 volts
D-C PLATE CURRENT - - - 160 MAX. MA Driving Power* . . . . . . 2 2 2 2 watts
PLATE DISSIPATION - - - . 85 MAX. WATTS Grid Dissipaian™ - . . - . 05 05 05 05 watts
SUPPRESSOR DISSIPATION - - 20 MAX. WATTS Pttt VA oS

i i - - - .. watts

SCREEN DISSIPATION - - - 20 MAX. WATTS Plate Power Input - - - - . 49 225 300 380 wahs
GRID DISSIPATION - - - - 5 MAX. WATTS Plate Power Qutput - - - - - B85 |53 220 295 waths
SUPPRESSOR-MODULATED TYPICAL OPERATION

RADIO-FREQUENCY AMPLIFIER

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

MAXIMUM RATINGS

D-C PLATE VOLTAGE - - - 4000 MAX. YOLTS
D-C SCREEN YOLTAGE - - - 750 MAX. YOLTS
D-C GRID VOLTAGE - - - - =500 MAX. YOLTS
D-C PLATE CURRENT - - - 200 MAX. MA

PLATE DISSIPATION - - - - 125 MAX. WATTS
SUPPRESSOR DISSIPATION - - 20 MAX., WATTS
SCREEN DISSIPATION - - - 20 MAX. WATTS
GRID DISSIPATION - - - - 5 MAX. WATTS

D-C Plate VYoltage - - - -
D-C Suppressor Yoltage - - -
Peak A-F Suppressor Yoltage

{100% Modulation) - - -
D-C Screen Yoltage - .« . .
Fixed D-C Screen Voltage - -
Screen Dropping Resistor! - -
D-C Grid VYoltage - - - -
D-C Plate Current - - - -
D-C Screen Current* - - -
D-C Grid Current* - - - -
Peak R-F Grid Input Yoltage - -
Driving Power* - -
Grid Dissipation® -
Screen Dissipation* -
Plate Dissipation -
Plate Power Input -
Plate Power Output -

1Adjust to stated d-c screen voltage.

[ B S T

- 1500 2000 2500 3000 volts
- =220 —260 —305 —350 volts

- 220 280 305 350 volts
- 400 400 400 400 volts
- 810 445 450 410 volts
- 5500 9/00 10,000 8300 ohms
- =170 —180 —190 —200 volts
- 59 59 59 &0 mea

- 38 27 25 25 ma

- & 5 5 4 ma

- 230 235 245 250 volts
- 14 13 1.2 1.2 watts
- .35 25 .25 .20 watts

- IS 1 10 10 watts .

- 54 48 87 105 watts
- 89 118 148 18D watts
- 35 50 1 75 watts

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

MAXIMUM RATINGS (Per Tube)

D-C PLATE YOLTAGE - - - 4000 MAX. VOLTS
D-C SCREEN VOLTAGE - - - 750 MAX. YOLTS
D-C GRID YOLTAGE - - - - =500 MAX. YOLTS
D-C PLATE CURRENT - - - 200 MAX. MA

PLATE DISSIPATION - - - - 125 MAX. WATTS
SUPPRESSOR DISSIPATION - - 20 MAX. WATTS
SCREEN DISSIPATION - - - 20 MAX. WATTS
GRID DISSIPATION - - - - 5 MAX. WATTS

TYPICAL OPERATION (Two tubes unless otherwise specified)

Class-AB,

D-C Plate VYoltage - - - -
D-C Suppressor Voltage - - -
D-C Screen Yoltage - - - -
D-C Grid VYoltage!? - - - -
Zero-Signal D-C Plate Current -
Max-Signal D-C Plate Current -
Zero-Signal D-C Screen Curcent* -
Max-Signal D-C Screen Current* -
Effective Plate-to-Plate load - -
Peak A-F Grid Voltage (pear tube)
Max-Signal Driving Power® - -
Max-Signal Plate Power Input - -
Max-Signal Plate Power Output -
1Adiust to stated zero-signal d-c plate

- 1500 2000 2500 volls
- 0 0 0 volts
- 500 500 500 volts
- -70 —80 —B85 volts
- 1o 85 65 ma

- 208 210 220 ma

- 0 0 0 ma

- 15 13 8 ma

- 13,700 18,00020,000 ohms
- 70 80 85 volts
- 0 0 0 waits
- 310 420 550 watts
- 200 250 300 watts
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 Yoltage - - -
D-C Screen Voltage - - - -
D-C Grid VYoltage! - - - -
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-Sigral Driving Power* - -
Max-Signal Plate Power Input .
Max-Signal Plate Power Output .

- 1500 2000 2500 volts
- &0 0 0 volts
- 500 500 500 volts
- —70 -80 -85 volts
- e 85 65 ma
- 365 295 250 ma
- (] ] 0 ma
- 1 16 13 ma
- 730013,00020,000 ohms
- fo¢ 100 95 volts
- 05 03 0.2 walts
- 550 590 425 watts
- 300 350 400 watts

1Adjust to stated zero-signal d-c plate current.

*Approximate values,

IF IT {$ 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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“"4E27A/5-125B

APPLICATION

MECHANICAL

Mounting —The 4E27A/5-125B 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 connectar [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. |f the E. F Johnson Co. 122-237
socket recommended under "General Characteristics'' is o be
used, the model incorporating a ventilating hole should be
specified.

At high ambient temperatures, at frequencies above 75 Mec.,
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 1, 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.
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In class-C operation, particularly at high frequency, both
grid bias and grid drive should be only great enough to pravide
satisfactory operation at good plate efficiency.

Screen Dissipatiom—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 audic 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 Mec.
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 piate 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.
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- MECHANICAL

Mounting—The 2C39A may be operated in any
position. [t 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 175°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 11, 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,
1950.

ELECTRICAL

Heater Voltage—The heater of the 2C39A is de-
signed to be operated at 6.3 volts, with variations

' Indicates change from sheet dated 6-15-51

APPLICATION

held within the range of 5.7 o 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. 1, 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 haif those of the plate current, 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.
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AUDIO-FREQUENCY POWER AMPLIFIER
AND MODULATOR

Class B {Sinusoidal wave, two tubes unless otherwise specified)
MAXIMUM RATINGS

D-C PLATE YOLTAGE - - - - . . 6000 MAX. YOLTS
MAX.-SIGNAL D-C PLATE CURRENT, PER TUBE 2.5 MAX. AMPS
PLATE DISSIPATION, PER TUBE - - 2500 MAX. WATTS

PLATE COOLER CORE TEMPERATURE- : - 1SD MAX. ° C
TYPICAL OPERATION CLASS AB, (Two tubes)

D-C Plate Yoltage - - - - - 4000 5000 6000 volts
D-C Grid Voltage (approx.)* - - —I50 ~—I90 —240 volts
Zero-Signal D-C Plate Current - - 0.4 0.5 04 amps
Max.-Signal D-C Plate Current , - - 4.0 3.2 3.0 amps
Effactive Load, Plate to Plate . - 2200 3600 4650 ohms
Peak A-F Grid Input Yoltage (per tube} 340 360 390 volts
Max.-Signal Peak Driving Power - - 340 230 225 watts

Max.-Signal Nominal Driving Powe
(approx.) - - - - - - - 170 118 113 watis
Max,-Signal| Plate Pawer Output - - 11,000 11,000 133,000 waits

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 5009 4000 5000 volts

D-C Grid VYoltage (approx.)* - —I55 —200 —i45 —I190 volts
Zero-Signal D-C Plate Current - 0.4 04 0.6 0.5 amps
Max.-Signal D-C Plate Current - 1.35 113 2.70 2.26 amps

Effective Load, Plate to Plate
Peak A-F Grid Input Yoltage

6606 10,000 3300 5000 ohms

{per tube) - - - - - 240 275 285 310 volts
Max-5Signal Peak Driving Power - 42 40 134 118 watts
Max.-Signatf Nominal Driving

Power {approx.) - - - 21 20 87 59 watts
Max.-Signal Plate Power Output - 3700 4000 7400 BOOD watts

Will Modulate R, F, Final Input of 64670 7250 13,340 14,500 watts

*Adiust to give stated zero-signal plate current.

APPLICATION

P 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 é 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 fiqures 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 Sefection 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.
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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 3X2B0OA3 must never exceed 150
watts. Grid dissipation may be calculated from
the following expression:

Pg=ecmpl
where Pg=Grid dissipation,
ecmp = Peak positive grid voltage, and

le=D-c grid current.

ecmp'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.

[n 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.
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AUDIO-FREQUENCY POWER AMPLIFIER
AND MODULATOR

Class B (Sinusoidal waove, 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)

- 6000 MAX. VOLTS
- 2.5 MAX., AMPS
- 2500 MAX. WATTS
- 15D MAX.° C

D-C Plate Voltage - - - - - . 4000 5000 6000 valts
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 1o Plate - -
Peak A-F Grnd Input Voltage (per 'ube)
Max.-Signal Peak Driving Power - -
Max.-Signal Nominal Driving Power (approx.
Max.-Signal Plate Power Output - -

2200 3600 4650 ohms
340 360 390 volts
wats

170 115 113 wotts
11,000 11,000 13,000 watts
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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 3X2500F 3 must never exceed 150 watts. Grid dissipa-
tion may be calculated from the following expression:

Pg = ecmple
where Pj=grid dissipation,
ewmp =peak positive grid voltage, and
l.=d-c grid current.

emmp 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 News, Jahuary 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.

'
o

"
(8

“3X2500F3

TYPICAL OPERATION CLASS AB2 (Two tubes}

(Moduigtor service far 4000 and 5000 volt operation, to modulote one or two tubes,
os 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 volis
Zero-Signal D-C Plate Current - - 0.4 0.4 a.6 0.5 amps
Max.-Signal D-C Plate Current - - 1.35 1.13 2.70 2.26 omps
Effective Load, Plate 1o Plate - - - 6600 10,000 3300 5000 ohms
Peak A-F Grid Input Voltage [per tube) - 240 275 285 310 volts
Max.-Signal Peak Driving Power - - 42 40 134 118 watts
Max.-Signal Nominal Driving Power

{approx) - « - - - - 21 20 67 59 walts
Max.-Signal Plote Power Output - - 3700 4000 7400 8000 watts
Will Madulate R, F. Final input of - - 6670 7250 13,340 14,500 watts

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

Mounting—The 3K20,000LK is provided with two
integral mounting flanges, located as shown on the
outline drawing. Either flange may be used to
supﬁorf the tube. Two threaded holes are provided
in the Input Pole Piece and are shown on the out-
line drawing. When fitted with eye bolts, the tube
may be hung from these bolts during mounting
operations. The eye bolts must be removed after
mounting operations are completed to prevent
high voltage arc-over,
Filament Operation—For maximum tube life, the
pure tungsten filament should be operated just
above the emission limiting temperature. This tem-
perature will be obtained with a filament voltage,
as measured directly at the terminals, of approxi-
mately 9 volts, The filament voltmeter should be
capable of indicating within |1 % accuracy and un-
avoidable voltage variation should be within the
range of £2%. If a voltage regulator is used, the
voltmeter should be a moving iron vane or dyna-
mometer type capable of reading correct RMS
voltage with distorted wave form.
Cathode Heating Power — The cathode of the
3K20,000LK is unipotential and heated by electron
bombardment. A dec potential of approximately
2100 volts is applied between the filament 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 so
that cathode temperature may be varied by
changing the voltage between the filament and
the cathode.
Cooling—Air and water flow must be started be-
fore the filament and cathode power are applied
and maintained for at [east two minutes after the
filament and cathode power have been removed.
Tube temperatures may be measured with a tem-
perature-sensitive paint, such as "Tempilaq'’, man-
ufactured by the Tempil Corporation, 132 West
22nd Street, New York 11, N. Y.

3K20,000LK Cooling Requirements for Typical
Operating Conditions and Correct Magnetic Field
Adjustment:

Cooling Pressure

Medium Volume Drop Remarks

Input Pole Piece - - Water | gpm 8 psi TP“:::slure
Short Drift Tube Jacket *Water | gpm 2 psi SD;:F;“
Long Drift Tube Jacket *Water | gpm 2 psi Sﬁanse;:?.!.
Output Pole Piece - Water | gpm 1.6 psi ;:bigzi=
Collector Assembly - - Water 6 gpm 3 psi
Elociron Filament Stem - Air 1-2 ¢im
Gun Cathode Terminal - Air 90 cfm
Structure Focus Electrode Seals Air 30 cfm See

. Cooling
Input Cavity - - - - None Diagram
Center Cavity - - - - Air 15 cfm
Output Cavity - - - - Air 50 cfm

*Water inlet must be at bottom and outlet at top to avoid air traps.

The inlet water pressure of the Pole Pieces and
the Drift Tube Jackets should not exceed 40
pounds per square inch. The inlet water pressure
of the Collector Assembly should not exceed 25
pounds per square inch. Only clean, filtered air
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should be blown on the tube. The coofing water
should be of sufficient purity to prevent liming of
the water system. The outlet water temperature
must not exceed a maximum of 70°C under any
condition. The temperature of the metal-to-glass
seals should not exceed 150°C.

RF Contact Surfaces—The means by which con-
tact is made between the cavities and the tuning
boxes is of great importance. Two requirements
which must be met to ensure proper tube perform-
ance are as follows:

(1) Contact to the tube cavities must be made only on
the peripheral surface of the 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.

Magnetic Field—An adjustable magnetic field is
necessary to control and direct the beam through-
out the length of the drift tube. The magnetic
field should be capable of variation around the
recommended field strength of 120 gauss. 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 adjustment or misalignment of the
magnetic field, as indicated by too low a value of
beam transmission, may cause the beam to im-
pinge on and overheat the drift tube walls.
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 volt-
meters must be adequately insulated for these high
voltages. Protection must also be afforded to
operating personnel.

Protection—It is recommended that the following
protective devices be used:

(1)} Interlocks in air and water supplies.

(2) Interlock in magnetic field supply circuit.

(3) Current overload in cathode bombardment supply
circuit.

(4} Current overload in beam current supply circuit.

(5) Current underload in collector current circuit.

(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 ca+{|ode bombardment volt-
ages will normally be applied before the beam
voltage. Cavity tuning or magnet adjustment
should be made with reduced beam voltage ('
to % normall. Slight retuning and readjustment
will be necessary when beam voltage is raised to
full value.

OUTPUT VOLTAGE

versus

DRIVING VOLTAGE

OUTPUT VOLTAGE

DRIVING VOLTAGE
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High-Power Klystrons at UHF”

D. H. PREISTt, MEMBER, 1RE, C. E. MURDOCK{}, ASSOCIATE, IRE, AND J. J. WOERNER}

Summary~—A brief history of high-power ¢w 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
UHF-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,*2® and
one group in France.*® 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,?® 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.

t Eitel-McCullough, Inc., San Bruno, Calif,

1 R. H. Varian and S. F. Varian, “A high frequency oscillator and
amplifier,” Jour. Appl. Phys., vol. 10, p. 321; 1939.

1 “High Power UHF Klystron,” Tele-Tech, p. 60; October, 1952.

3 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-
teu; d(ig.’; 1KW 3 large bande passante,” 4dnn. Radivelect., vol. VI,
p. 24; .

8 R. Warnecke and P. Guénard, “Tubes & 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.

KrysTroN 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, ar 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 mec.

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 me, 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
MAaAgGNETIC 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.

e Drocusaing cons

)
CATHODE \
[3
v
O DRIVE Q :Q

= 4
Hu

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 at 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

: High-Power Klystrons at UHF
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the RF loss in the materials used to make the electrodes
and the envelope. Now the total cathode emission, as-
suming the best material is used and 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 be about % inch
in a 5-kw tube at 1,000 mec. Again, because gridless gaps
may be used without serious loss of coupling between
the beam and the resonant cavities, there are na 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.

~] 100 KW.

10 KW.
60
50 | KW.

40

Zioo w.
30

% EFFICIENCY

20
10w
10
1 el 1w
100 500 1000 $000 10,000

FREQUENCY MG,

Fig. 2—Curve (1): Efficiency versus frequency for typical uhf tetrode
-—4X 150G, (Plate dissipation 150 watts.)
Curve (2): Efficiency versus frequency for typical uhf triode
—2C39. (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 [0 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 ijs
about 5 mc and the power gain, under television condi-
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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,

OUTPUT POWER

ORIVING POWCR

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. EFFICIENGIES FOR
VARIOUS DEGREES OF DETUNING

— = T~
- - - -~ ~
y MIODLE cAVITY
)/ DETUNED TO MF
SIDE OF RESONANCE

EFFICIENCY

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.










25 PROCEEDINGS OF THE IR.E.

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.

January

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.

I't 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
YOL. 41, NO. |, JANUARY, 1953
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4-125A mounting providing cocling, shielding and
isolation of output and input compartments.

B-1-b. Air Cooling

If the flow of cooling air is upward it will be
consistent with the normal flow of convection
currents. See Figs. 8 and 9. In all cases the
socket is an open structure or has adequate vent
holes to allow cooling of the base end of the tube.
Cooling air enters through the grid circuit com-
partment below the socket through a screened
opening, passes through the socket cooling the
base end of the tube, sweeps upward cooling the

‘/‘—“}"’

. PResg
LOWERU&ZED
ARg 4 'ASS;

Fig. 9

4X150A chassis mounﬁn‘g providing cooling, shield-
ing and isolation of output and input compartments.

glass envelope and into the output circuit com-
The output compartment also has a
mesh-covered opening which permits the air to
vent out readily.. These arrangements apply
whether the tube is cooled by forced air or con-
vection circulated air. If the tube is to be forced-

partment.

SECTION B

air cooled, a suitable fan or blower is used to
pressurize the compartment below the tubes. No
holes should be provided for the air to pass from
the lower to the upper compartment other than
the passages through the socket and tube base.
Some pressure must be built up to force the prop-
er amount of air through the socket. In the case
of convection cooling, open louvers or screened
areas permit ready entrance of cool air, and all
access holes or vents should have large areas to
provide a minimum resistance to the flow of air.

Fig. 10

DO NOT SUB-MOUNT A METAL BASE SHELL
TUBE. Base cooling is prevented and no improve-
ment in shielding results.

DO NOT SUB-MOUNT A TUBE WITH
METAL BASE SHELL SO THAT THE CHASSIS
DECK OR MOUNTING DECK COMES UP
ABOVE THE VENT HOLES OF THE BASE
SHELL OF THE TUBE. See Fig. 10. No improve-
ment in isolating output and input circuits re-
sults, and such an arrangment prevents the flow
of cooling air, whether forced or by convection
currents. If a tube must be recessed into the
mounting deck because of space limitations, a
recessing cylinder with wide clearances should be
used to permit the air from the base holes to vent
into the compartment above deck.

The method shown in Figs. 8 and 9 of sup-
plying the cooling air to the tube has worked
successfully, provided the desired flow is ob-
tained, and it is to be preferred over methods
which try to force cooling air transversely across
the tube base.
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SECTION B'C

screen bypass capacitor to go directly from
screen to one filament terminal. This applies to
tubes in push-pull as well as single tubes. In the
VHF region the connection to the screen term-
inals should be made to the mid-point of a strap
placed between the two screen terminals of the
socket. This provides for equal division of the
r-f current in the two screen leads and minimizes
the heating effects.

Above the self neutralizing frequency of the
tetrode (about 25 Mec. for the 4-1000A and
around 80 Mc. for the 4-125A) the screen bypass
capacitors are usually variable capacitors. (See
section D-2 ‘“Neutralization”). The variable
capacitors are placed in the circuit at the same
location as the bypass capacitors. Care should
be taken to keep the inductance of the leads low.

The information in Fig. 14 and paragraphs

CIRCUIT CO

C-1. Basic Circuits

The basic circuits of tetrode amplifiers for
both audio and r-f power amplifiers are in gen-
eral similar to those for triode amplifiers. The
tubes perform the same functions and differ prin-
cipally in having much lower driving power re-
quirements and much greater inherent isolation
between output and input circuits. Such differ-
ences as exist in the details and associated cir-
cuits are discussed in the following paragraphs
and sub-sections.

In designing the basic r-f circuits, reference
should be made to the technical data sheet of the
particular tube type for the electrode voltages
and currents, and the output and driving power
to be expected.

Because of the ability of the screen to assist
in the flow of plate current, the grid can control
a large plate current without going positive. For
this reason low distortion audio amplifiers in
class AB, are possible. Thus, the tube requires
audio driving voltage only (with no grid current
flowing) while delivering large audio power,
such as 750 watts from a pair of 4-250A’s or 3
kw from a pair of 4-1000A tetrodes. For such a
circuit refer to Fig. 15 where a pair of receiving
tubes in a resistance coupled, phase inverting cir-
cuit is all that is required to drive the tetrode.
For a typical equipment design see Atkins &
Mandoli?, and Fig. 7.
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above apply directly to tubes having the screen
grid mounted on internal supporting lead rods,
as in the types 4-654, 4-125A, 4-250A, 4-400A,
4X500F and 4-1000A.

The types 4X1504A, 4X150G, and 4X500A
have isolating screen cone terminals. These tubes
seem to work best when the screen bypass capac-
itor is a flat sandwich type of capacitor (using
silver coated mica for a dielectric) built directly
onto the peripheral screen contacting collet of
the socket. This arrangement is illustrated in
Figs. 5, 6, and 17. Provided the screen contacting
collets do not introduce appreciable inductance,
it has been found that capacitors having values
of about 800 micro-microfarads or greater are
suitable for VHF and UHF frequencies. At lower
frequencies the usual bypass capacitor values of
about .001 to .003 mfd are suitable.

NSIDERATIONS

RFC

.||_
I

SHIELD

™
X

|
dr

AA—
v ]

AUDI0 ————
A

p/VR(sC

A/ VR 150

Gc3/VR 15

X )? 0C3/VR 1$5
4 O
o
o0 O 00 & é (o] Q OJ__-— o
SV 150V FROM 63V, + 35070 —=S0V SV N +2500V
DRIVER 450V
5 WATTS
Fig. 15

Typical high-level-modulated r-f amplifier circuit
with modulator and driver stages, 1000 watts
input.
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VHF circuits appear very simple and clean
as shown in Figs. 3, 4, and 5. Care in bypassing
and neutralizing (if required) is very important.

, For details see Sections B-4, B-5 and D-2. A
typical schematic circuit is shown in Fig. 16. An
understanding of transmission line circuits is
helpful though no more necessary in tetrode cir-
cuits than triode circuits.

scan

-Ec

Fig. 18

Screen-tuning neutralization circuit for use above
100 Mc. with 4-125A tetrode.

Some tetrodes are able to operate well into
the UHF region, and coaxial type cavity circuits
are normally employed. In general, microwave
and cavity techniques apply to the cavity con-
struction. As indicated in Fig. 17, screen bypass-
ing is introduced as part of the cavity construc-
tion.

Fig. 17

Schematic cavity section of 1250 Me., amplifier
employing 4X150& ietrode.
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SECTION c

C-2. Bypassing, Filtering, Sereening

Essentially the requirements for confining
the.r-f energy to the desired circnits by bypass-
ing, filtering, and screening are the same with
tetrode power amplifiers as with triode amplifiers,
See section B-1, 4, 5 and D-2 for discussion of
best arrangements.

C-3. Power Supply Consideration

In general, power supply problems for the
plate and grid are the same as for the triode
amplifier. The need for screen voltage introduces
some new considerations and provides some new
possibilities.

Voltage for the screen grid of a power tet-
rode can readily be taken from the power supply
used for the plate of the tube. In this case a
series resistor, or potential dividing resistor, is
chosen so that with the intended screen current
the voltage drop through the resistor is adequate
to give the desired screen voltage. It is, of course,
possible to take the screen voltage from a low
voltage supply, frequently using one already
available in the equipment. There is considerable
latitude so that an available voltage can be used.
Sometimes a combination might be employed
where a dropping resistor is used in conjunction
with a low voltage or intermediate voltage sup-
ply. Frequently a combination of series resistor
and voltage source can be chosen so that the
rated screen dissipation will not be exceeded re-
gardless of the variations in screen current. With
a fixed screen supply, there are advantages in
using an appreciable amount of fixed grid bias so
as to provide protection against loss of excita-
tion, or for cases where the driver stage is being
keyed.

If the screen voltage is taken through a
dropping resistor from the plate supply, there is
usually little point in using a fixed grid bias be-
cause an unreasonable amount would be required
to protect the tube if the excitation failed. When
a screen dropping resistor is used, most of the
bias is normally supplied through a grid resistor
and other means are used for tube protection.

Under operating conditions with normal
screen voltage the cut-off bias is low (about 1/5
the screen voltage). When a stage loses excita-
tion and runs statically, the screen current falls
close to zero. (See static curves of tube in ques-
tion.) If the screen voltage is obtained through
a simple dropping resistor from the plate supply,
the screen voltage will then rise close to full plate
voltage. Because the cut-off bias required is pro-
portional to the screen voltage, the grid bias re-
quired will be much greater than the amount of
bias desired under normal operating conditions.

For further discussion see C-4 “Protection’” and
C-5 “Keying”.

page 8



SECTION C

If the output power of a transmitter or am-
plifier stage is to be adjustable by varying the
plate voltage, it is advisable to take the screen
voltage through a dropping resistor from the
plate supply. Then, as the plate supply voltage is
raised or lowered, the screen voltage rises or falls
also and the plate current will follow. Alter-
natively, the sceen supply could be separate but
with large series resistance to give poor regula-
tion, and the changes in screen current would
cause the screen voltage to rise or fall. It is
necessary to have the plate current proportional
to the plate voltage if the same loading adjust-
ment (load resistance) is to serve for all power
levels. If the plate current does not follow the
plate voltage, the loading would have to be
changed for each power level. This added control
over the screen voltage is necessary because the
plate current in a tetrode is principally controlled
by screen voltage when excitation is present, and
very little by plate voltage alone.

SCREEN YOLTAGE THROUGH
FIXED SCREEN SUPPLY DROPPING RESISTOR

FIXED GRID BIAS RESISTOR GRID BIAS RESISTOR GRID BIAS
Scroon Mod. R-F Amp, | Plato Mad. R-F Amp.

All variable grid
drive applications, i.e.

Audio Amplifiers. Reduces offectt of
Video Amplifiers, excitation varietions.
Linear R.E Amplitiars,
Grid Mod. R-F Amp,

Frovides profection
againmst loss of
excitation, or
keyed driver. |

Variable loading applications.

Pawer fevel adjustable by
changing plate voltage.

Protection can be had for
loss of excitation or keyed
excitor stage by using the
scresn voltage control of
Fig. 20.

Fig. 18

Applications and circuits to which fixed and resistor type
screen and grid supplies are best suited.

In Fig. 18 a chart summarizes some of the
reasons for choosing either a fixed screen supply
or dropping resistor type of screen supply. Sim-
ilarly the type of the grid bias is important and
should be chosen with both the application and
the protection of the tube in mind. The d-c
screen and grid currents are sensitive to changes
in excitation and loading, and these changes af-
fect the d-c grid and screen voltages if the sup-
plies have appreciable internal resistance. These
effects may be very beneficial if properly employ-
ed but in some cases are undesirable. For all va-
riable grid drive applications a fixed screen sup-
ply and a fixed control grid bias are necessary. It
should be noted, however, that for a plate modu-
lated r-f amplifier, an r-f armplifier where a
variable loading condition is expected, or where
output power is to be controlled by changing
plate voltage, a screen source with poor regula-
tion is desirable, i.e., screen voltage obtained
through a screen dropping resistor.
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SCREEN YOLTAGE THROUGH

CIRCUIT FAILURE FIXED SCREEN SUPPLY DROPPING RESISTOR

C-4. Protection

FIXED RESISTOR FIXED RESISTOR
GRID GRID GRID GRID
BIAS BIAS BIAS B1AS

Loss of Excitation|Na Pro. Plate Current | Plate Current |Plate Current
tection Reloy Relay Relay or Screen
Required Control Circuit—

Fig. 20

Loss of Antenns [Screan Screen Grid Noshing

Loading Current Current Current Required
Relay Relay Relay

Excess Antenna |Screen Under. [Sceeen Under- | Plate Current | Plate Current

Loading Current Current Relay Relay
Relay Relay

Failure of Plate  [Screen Screen Grid Nothing

Supply Cyrrent Current Curcent Required
Relay Relay Relay

Failure of Screen |Grid Nothing —_ —_

Supply Current Raquired
Relay

Failure of Grid Elafe Current |— :hlfa Current | —

Bias Supply eloy or elay

P creen Grid Current
Current Relay
Relay
L

Fig. 19 Protection Chart

This chart indicates the location of a suitable relay which should
act to remave the principal supply volfage from the stage or
transmitter to prevent damage to the tubes.

Eimac tetrodes are designed to stand con-
siderable abuse. For instance, the excess anode
dissipation resulting from detuning the plate cir-
cuit of the tube will have no ill effects if not ap-
plied for periods of time sufficient to overheat
the bulb and the seal structure.

Similarly the grid and screen will stand
some excess dissipation. In the latter cases, how-
ever, the maximum dissipation indicated on the
data sheet should not be exceeded except for time
intervals of less than a second. The maximum
dissipation rating of the grid and screen is
usually considerably above the typical values
used for maximum output so that ample operat-
ing leeway is provided. The time of duration of
overloads on the control and screen grids isg
necessarily short because of the small heat stor-
age capacity of the wires. Futhermore, grid tem-
peratures cannot be seen, as in the case of the
plate temperature, and no visual warning of
accidental overload is had.

The type and degree of protection required
in an r-f amplifier against circuit failures wil
vary with the type of screen and grid voltags
supply. Fig. 18 indicates some of the inheren
protection provided by certain types of supplies
and Fig. 19 presents a chart of protection as re
lated to certain kinds of circuit failures. Fo
screen voltage taken through a dropping resisto
from the plate supply, a plate relay provides al
most universal protection. For a fixed screen sup
ply a screen relay provides protection In mos
cases, and, for protection against excess antenn
loading and consequent high plate dissipation,
screen undercurrent relay should also be useg
(Starting up in the latter case will, of course, r¢
quire a temporary hold-in circuit.)
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C-5.

Plate, screen, and grid bias voltages may be
applied simultaneously to a tetrode. Grid bias
and excitation can usually be applied alone to the

. tube, especially if a grid leak resistor is used.

Plate voltage can be applied to the tetrode be-
fore the screen voltage, with or without excita-
tion to the control grid. NEVER APPLY
SCREEN VOLTAGE BEFORE PLATE VOLT-
AGE. The only exceptions would be when the
tube is cut off so that no space current (screen
or plate current) will flow, or the excitation and
screen voltage are low. If screen voltage is ap-
plied before the plate voltage and space current
can flow, the maximum allowable screen dissi-
pation will almost always be exceeded and dam-
age to the tube will result.

Keying

The tetrode power amplifier can be keyed
using the same basic principles employed with
any power amplifier. In addition, the screen elec-
trode provides another low power circuit where
keying can be introduced. Suitable filters, of
course, must be used so that the make and break
is slow enough to avoid high frequency sidebands
known as “key clicks”. The usual ‘“key click”
filter techniques apply.

There are several good methods of controlling
the tetrode r-f power amplifier when exciter key-
ing is used. With the screen voltage fixed and
with fixed bias greater than cut-off, the tube will
pass no current when the excitation is removed.

—~————
FROM EXCITER

TQ PLATE TANK

r25000 10
100,000 OHMS

GRID LEAK
RESISTOR

____]= ——lnv +

Fig. 20

Screen voltage control circuit for exciter keying
ar protection against loss of excitation when
supplying screen from high voltage source

aciarion

Fig. 21

Tetrode amplifier keying circuit used by B. O.
Ballou [W6BET})".

Tt is also possible to key the exciter stage
when the screen voltage is taken through a drop-
ping resistor and grid leak bias is used. See Fig.
20. In this system a high transconductance, low
mu triode is connected between screen and cath-
ode, and the controlling bias for the small triode
is taken from the tetrode bias developed in the
grid leak resistor. When normal excitation is
present on the tetrode r-f amplifier and grid bias
is developed, the triode control tube is cut off
and the screen voltage circuit operates normally.
If excitation voltage is removed from the tetrode
power amplifier, the bias voltage developed in
the resistor drops to zero and the control triode
becomes conducting. The current drawn by the
triode control tube will increase the IR drop in the
screen dropping resistor and lower the screen
voltage to a very low value.

There is still some screen voltage on the
tetrode and a small static plate current fows
which, however, is usually not enough for the
plate dissipation rating to be exceeded. This
value can be reduced further by putting a second
control triode in parallel with the first (also a
smart precaution against failure of the single
triode), by putting a gas regulator tube in series
with the lead to the screen before the screen
r-f bypass capacitor, or by introducing a small
amount of fixed bias on the tetrode between the
grid resistor and the tetrode grid. These pro-
cedures are usually not required. In fact, the
static plate current gives a desirable bleeder ac-
tion for the plate supply.

Fig. 21 shows a method of keying a tetrode
r-f power amplifier where the low voltage
power supply for the screen of the tetrode and
for the plate and screen of the driver stage is
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keyed directly. The circuit is described by
Ballou?, '*. This permits keying in a relatively
low voltage, low current circuit. The key click
filter capacitor, resistor, and choke are simple
and assure positive control of the keying wave
shape,

C-6. Modulating

A tetrode r-f amplifier can be amplitude
modulated in all the usual ways: plate modula-
tion, screen modulation, grid modulation, or
cathode modulation. Of these, plate modulation
is the type most extensively used, and a discus-
sion of several simple methods of obtaining sim-
ultaneous modulation of the screen will be
helpful in this respect.

Fig. 22

Basic 'high-]evel-modulaﬁng circuits for tetrodes.

Pig. 22 shows three of the basic plate modu-
lation (or high level modulating) circuits, and
Fig. 15 shows a complete schematic involving a
plate modulated r-f amplifier and the audio
modulator stage, using a pair of 4-250A tetrodes
to modulate a pair of 4-250A tetrodes.

In plate modulation it is necessary to intro-
duce not only amplitude modulation of the plate
voltage, but also to develop about 70% ampli-
tude modulation of the screen voltage of the tube
as well, for 100% carrier modulation. Modula-
tion of the screen voltage can be develaped in one
of the following three ways:

1. By supplying the screen voltage through
a dropping resistor connected to the un-
modulated d-¢ plate supply.

2. When a low 'voltage fixed screen supply
is used, a modulation choke is placed in
series with the supply. In the case of
voice modulation this is about a 10
henry choke.

3. A third winding on the modulation trans-
former designed to develop the required
screen modulation voltage.
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It is interesting to note that in all three
cases the screen of the tetrode tube supplies the
necessary audio power. During the portion of
the modulation cycle when the plate voltage is
increased, the screen current decreases. If the
screen is supplied through an impedance such as
the screen dropping resistor, or modulation
choke, the voltage drop in this series impedance
becomes less and the screen voltage rises in the
desired manner. On the other part of the modula-
tion cycle when the plate voltage is decreased,
the screen current increases causing a greater

-voltage drop in the screen series impedance, thus

lowering the voltage on the screen of the tube.

It will be noted that in the plate circuit ag
the plate voltage increases, the plate current in
creases, which requires power to be supplied
from the audio modulator. In the screen circuit
however, as the screen voltage increases, the
screen current decreases. This corresponds tg
audio power being supplied from the tetrodg
and d-c screen voltage source, and delivered tﬂ
the dropping resistor or series impedance. In th
case of the modulation transformer the power i
supplied back to the audio source. In all cases
this power is a few per cent of the plate powe
input to the tube and is therefore negligible.

Where modulation voltage appears on a
electrode of a tube, the r-f bypass capacitor d
this electrode should be kept to about .002 mmf
or less in order to avoid bypassing high modul{
tion frequencies.

In grid modulation or screen modulatio
where 100% modulation capabilities are desire
the tube efficiency under carrier conditions
about half that expected in the r-f amplifier whg
plate (high level) modulation is used. Th
efficiency is usually on the order of 35% and th
grid or screen modulation is not used unless the
is a desire to save on the physical size of ¢
modulation source.

When grid modulation is used, the scré
voltage and grid bias must be taken from sourq
with good regulation. This usually means a sq
arate low voltage power supply source. In f
case of screen modulation, the grid bias sho
be taken from a grid leak bias resistor. The p|
cedure in screen madulation is otherwise simi
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D-1-a.

to the standard procedure of modulating with an
electrode other than the plate. The r-f amplifier
is adjusted to good class-C operating conditions,
and then the grid bias is increased, or the screen
voltage is reduced, until the output antenna cur-
rent falls to half its former value. This gives a

SECTION C'D

carrier condition which will permit 100% ampli-
tude modulation. Under these conditions the
unmodulated carrier power is about 14 that of
the corresponding unmodulated class-C ampli-
fier. The grid bias or screen voltage can then be
modulated up and down about this carrier point.

CIRCUIT ADJUSTMENT AND
CHOICE OF OPERATING CONDITIONS

D-1 Stabilizing the Amplifier

At this point it is assumed that the ampli-
fier has been built, supply and control cirecuits
tested out, the filament voltage checked at the
tube sockets, air cooling is correct, and the grid
and plate circuits resonate at the desired fre-
quency. The next step is to apply voltage to the
amplifier and test for stability.

Testing for Parasitic Oscillations

In the case of the tetrode r-f power ampli-
fier, it will be necessary to investigate not only
for the possibility of self oscillation, but lack of
feedback on the fundamental frequency. The
basic steps of checking for self oscillation are
three fold:

1. The amplifier should be operated without
r-f excitation and without fixed grid bias,
with light loading and with low voltages
applied to the screen and plate. The volt-
age should be high enough to develop
full plate dissipation, however. For this
test grid leak bias should be used. If the
screen and plate voltage supplies can-
not be adjusted directly to low voltages,
suitable series resistance should be used,
either in series with the rectifier out-
put or transformer primary so that the
voltages developed at the tube will be
low. (Simple light bulbs of the right size
will serve as resistors in series with the
primary of the rectifier transformers.)
The r-f circuits should be tuned off reso-
nance to see if self oscillation of the am-
plifier can be started. The presence of
any current on the grid milliameter
means that self oscillation is present.

2. By means of a wave meter the frequency
of self oscillation of the r-f power ampli-
fier is found.

3. The circuit supporting the self oscilla-
tion must be determined and altered so
that such oscillations cannot exist, and
without disturbing the performance on
the normal frequency of the amplifier.

The subject of parasitic oscillations in am-

plifiers has been well covered in the literature,
and the following references will be helpful:
Mix3, Fylert, Bane®.

D-1-b. Correction of Parasitic Oscillation

The usual self oscillations in r-f power am-
plifiers have been found to fall in the following
three classes:

1. Oscillation at a VHF frequency from
about 40 to 150 Mec., regardless of the
normal frequency of the amplifier.

2. Self oscillation on the fundamental fre-
quency of the amplifier.

3. Oscillation at a low radio frequency be-

low the normal frequency of the ampli-
fier.

The low frequency oscillation in an ampli-
fier usually involves the r-f chokes, especially
when chokes are used in both the output and in-
put circuits, Because the possible feedback
coupling in a tetrode is negligible at such low
frequencies, this type of oscillation due to feed-
back through the tube is generally not found in
the tetrodes under discussion.

Oscillation near the fundamental frequency,
if it occurs, involves the normal resonant cir-
cuits, and brings up the question of neutralizing
the r-f power amplifier. This general subject is
discussed thoroughly under ‘“Neutralization”
section D-2,

In case a parasitic self oscillation is found
on a very high frequency, the inter-connecting
leads of the tube, the tuning capacitor and by pass
capacitors are involved. This type of oscillation
does not usually occur when the power ampli-
fier is designed for operation in the VHF region
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and where the r-f circuits external to the tube
have negligibly small tuning capacitors. With-
out tuning capacitors the highest-frequency os-
cillating circuit possible is then the fundamental
and there would be no higher frequency circuit
available for the parasitic. (The only exception
would be where higher order modes of line cir-
cuits might provide a parasitic circuit. However,
little trouble has been found in this respect.)

&
e 7 T 1

J=.:_ -

Fig. 23

Usual circuit supporting YHF parasitic oscillation
in HF r-f amplifiers.

The VHF oscillation occurs commonly in
amplifier constructions where the radio fre-
quency circuits are composed of coils and capaci-
tors, as in the HF and LF region. As will be seen
in Fig. 23, the parasitic oscillation uses the capa-
citors of the fundamental resonant circuit as by-
pass capacitors, and the associated grid and plate
leads for the inductances of the parasitic cireuit.
The tube capacitances help form the tuned-plate
tuned-grid oscillation circuits. The circuit is in-
dicated by the heavy lines in Fig. 23.

There are several straight-forward ways to
suppress the VHF parasitic oscillation. In gen-
eral, it will probably be more easily suppressed
if the general layout and bypassing methods in-
dicated earlier are followed.

It turns out that the frequency usually met
in a VHF parasitic oscillation is well above the
self neutralizing frequency of the tube. (See
D-2-b ‘“Analysis of Neutralizing Circuits”’.) How-
ever, if the self neutralizing frequency of the
tube can be increased and the frequency of the
parasitic lowered, complete suppression of the
parasitic may result, or its suppression by resis-
tor-coil parasitic suppressors made easier.
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The following table lists the usual frequency
around which the VHF parasitic may occur with
usual circuit lead lengths:

4-1000A 90-110-Mc.
4X500F 130-145 Me.
4X500A Approx. 225 Mc.
4-400A 130-150 Mec.
4-250A 130-150 Me.
4-125A 130-145 Me.
4-65A 130-170 Me.

It is also possible to predict fairly closely
with a grid dip wavemeter the frequency to be
expected in a given equipment. The circuit should
be complete and no voltages on the tube. The
grid terminal may be strapped to the filament or
screen because the grid circuit does not usually
seem to be involved. Couple the meter to the
plate or screen lead.

The following two methods of eliminating
the VHF parasitic oscillation have been used
successfully:

1. By placing a small coil and resistor com-
bination in the plate lead between the
plate of the tube and the tank circuit.
See Fig. 24. The resistor-coil combina-
tion is usually made up of a non-induc-
tive resistor of about 50 to 100 ohms,
shunted by 3 or 4 turns about 14’ in
diameter and frequently wound right
around the resistor.
it may be necessary to use such a sup-
pressor in both the plate and grid leads.
The resistor coil combination operates
on the principle that the resistor loads
the VHF circuit but is shunted by the
coil for the lower fundamental fre-
quency.

In some cases

Fig. 24

Placement of parasitic suppressors to eliminate
YHF parasitic oscillations in HF r-f amplifiers.




2. By the use of small parasitic chokes in
the plate lead. See Fig. 24. The size of
this coil will vary considerably depend-
ing upon the tube and the circuit layout,
and may run from about 4 to 10 turns of
about a 14" diameter. Apparently, the
presence of this choke in the frequency
determining part of the circuit lowers
the frequency of a possible VHF para-
sitic so that it falls near the self neutral-
izing frequency of the tube and bypass
leads. (See D-2-b “Analysis of Neutral-
izing Circuits.”) In addition to varying
the size of the suppressor choke, the
amount of inductance common to the
screen and filament in the filament
grounding strap may be a factor. This
can be varied simultaneously with the
suppressor choke.

Of the two methods indicated above for sup-
pressing VHF parasitic oscillations, the first one
is probably the simpler to use and has been
widely employed. No detailed study has been
made of the circuits involved in the second
method, but the method has been used success-
fully as indicated by Mix? and Bane®. A further
discussion of the theory believed active in the

second case is given under section D-2 “Neutral-
ization"’.

The procedure of checking for self oscilla-
tion in an r-f power amplifier described above
in section D-1 will normally show up most trou-
ble and allow for its correction. If, however,
the correction is marginal it may sometimes
happen that under operating conditions the self
oscillation will be triggered off. The oscillation
may occur only on the peaks of amplitude modu-
lation or on keying surges. By observing the r-f
envelope on a cathode ray oscilloscope, the oscil-
lation can usually be seen. The trouble can be
fully eliminated by pursuing further the correc-
tive procedures outlined under D-1-b above.

A more difficult self oscillation to locate is
one occurring on a harmonic of the fundamental
frequency and occurring only when the stage is
operating. It will show up when testing for the
presence of abnormal power in the harmonics
under operating conditions.

SECTION D

In the case of an audio amplifier employing
tetrodes, small non-inductive resistors of about
100 ohms resistance should be placed in series
with the plate, and possibly the grid as well, in
case self oscillation of the amplifier occurs in the
very high frequency portion of the r-f spectrum.
Should the audio or d-c voltage drop in the re-
sistor be objectionable, it can be shunted with a
small eoil,

D-2. Neutralization

Whether or not a tetrode should be neutral-
ized seems to be an open question. As stated
previously, the feedback within tetrodes is a very
small fraction of the feedback present in triodes.
In a great many cases the isolation provided by a
tetrode is enough so that there is no need to use
any neutralization to counteract the negligible
feedback. This applies to all low frequency r-f
amplifiers. Whether or not neutralization should
be used in the HF, the VHF and UHF regions de-
pends entirely upon the particular tube type, the
operating conditions and the desired isolation of
output and input circuits. In the case of tubes
having isolating screen cone terminals, as for in-
stance the 4X150A and 4X150G, no neutraliza-
tion has been found necessary up through their
highest useful amplifier frequency, approximate-
ly 500 Me. and 1000 Mec. respectively. In the case
of the 4X500A, also employing the isolating
screen cone terminal, it is occasionally found de-
sirable to use neutralization at 100 Mec., though
this is frequently not necessary. In the case of
tetrodes having internal screen support lead rods,
such as the 4-125A and 4-250A types, the need to
employ neutralization in the HF region may be
found in amplifiers operating with high power
gain and high plate voltages, if complete isola-
tion of output and input circuits is desired. Fre-
quently it is not necessary.

At frequencies below the VHF region, neu-
tralization usually employs a capacitance bridge
circuit to balance out the feedback due to the
residual plate to grid capacitance. This assumes
that the screen is well bypassed to ground and
so provides the expected screening action. In the
VHF and UHF regions the screen is not necessar-
ily at r-f ground potential and the neutralizing
circuit becomes more involved. For suitable VHF
circuits and simple explanation, see Section
D-2-b ‘“‘Analysis of Neutralizing Circuits”.

page 1}




SECTION D

If neutralization on the fundamental fre-
quency below the VHF region is found desirable,
normal cross-neutralization of push-pull ampli-
fiers is simplest. The neutralizing capacitors are

small and each capacitor need only be a wire
connected to each side of the grid circuit, brought
through the chassis deck, and allowed to “look”
at the plate of the tube on the opposite half of
the circuit. This is illustrated in Fig. 2. The wire
or rod can be 12" to 1" away from the glass, and
by adjusting its length or spacing the last trace
of coupling can be eliminated from the amplifier.
A simple insulating collet mounted on the chassis
deck will support the wire or rod and allow it to
be adjusted.

In the case of a single-ended stage, either a
push-pull output or a push-pull input circuit can
be used to provide the out-of-phase voltage neces-
sary for neutralization. Because of the low volt-
age and the small size of the r-f input circuit, it
is usually simpler to make the input circuit push-
pull, and the circuit becomes a ‘“‘grid neutraliza-
tion” circuit. See Fig. 25. The neutralizing
capacitor, Cn, is again very small and similar to
those described above under cross-neutralization.
To maintain the balance of the input circuit while
tuning, it is desirable to have a padding capaci-
tor, Ci, equal in size to the input capacitance of
the tetrode.

RF
Output

SrE |

|I||—-1

Fig. 25

Push-pull grid neutralization, basic circuit.

Single-ended r-{ stages can also be easily
grid-neutralized without using a conventional
push-pull input circuit. See Fig. 26. In this
method described by Bruene®, the input resonant
circuit is taken off ground a small amount by
making the input circuit bypass capacitor, C,
somewhat smaller than usual. The voltage to
ground across capacitor, C, is out of phase with
the grid voltage and can be fed back to plate to
provide neutralization. In this case the neutral-
izing capacitor, Cn, is considerably larger than
the capacitance plate to grid and is about the
size of those used for neutralizing triodes.

The basic circuit of the Bruene method is
shown in Fig. 26a. It can be redrawn as a capaci-
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tance bridge showing clearly the grid neutraliza-
tion circuit. See Fig. 26b. Balance is had when

Cn . Cgp

7‘_‘ _ ra r
A9 CeT
tance grid to plate of the tetrode, and Cgf is the
total input capacitance, including tube and stray
capacitance.
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(b) %
Single-ended grid neutralization described by Bruene®.

a) Basic Circuit. b) Arranged as
capacitance bridge.

Fig. 26

Single-ended amplifiers can also be neutral-
ized by taking the plate circuit a small amount
off ground as was done in the single-ended grid
neutralizing scheme, and by using the tube ca-
pacitances as part of the bridge circuit. This
method has been described by Hultberg’.

Cre
-~ —1
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Fig. 27

Single-ended plate neutralization, basic circuit.
See Hultberg’,

Such a circuit is shown in Fig. 27. It differs
from the usual r-f amplifier circuit in that the
plate by pass capacitor is returned to the screen
side of the screen bypass capacitor, Cs, and in
adding stray capacitance from plate to ground,
Cp. The size of screen bypass capacitor, Cs, and
the amount of stray capacitance in Cp are chosen
to balance out the voltages induced in the input
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circuit by the internal tube capacitances plate to
grid, Cpg, and screen to grid, Csg.

'g Output

+Eb

Fig. 28

Single-ended plate neutralization showing
capacitance bridge circuit present.

The circuit is redrawn in Fig. 28 in the
usual bridge circuit form. Balance is had when
Cp  Cpg

— T ———

Cs Cgs .

In usual tetrode structures the ca-
pacitance from screen to grid is roughly half the
published tube input capacitance. (The tube in-
put capacitance is mainly the sum of the capaci-
tance of the grid to screen and the capacitance
grid to cathode. Since as a first guess these two
capacitances are roughly equal, one is not far off
in using half the listed tube input capacitance.)

It should be noted that in all neutralizing
capacitance bridge circuits it is assumed that the
frequency is low enough so that inductances in
the connecting leads and tube structures can he
neglected. This is usually not the case in the
VHF region, especially in single-ended tetrode
stages where bridge circuits balance with a very
small voltage in part of the bridge circuit. At
VHF the small amount of voltage developed in
the residual inductance of the screen circuit can
be enough to accomplish neutralization in itself.
See section D-2-b “*Analysis of Neutralizing Cir-
cuits,”

D-2-a. Procedure

The neutralizing process for tetrodes fol-
lows the standard procedure. The first step in
rough adjustment is to break the d-c connections
of the plate voltage and screen voltage leaving
the r-f circuits intact. (If the d-c current path is
not broken, some current is found to flow in
either one of these circuits even though their
voltages are zero, and the presence of this cur-
rent causes the amplifier to work in the normal

SECTION D

manner, generating r-f power in the plate circuit.
It will then be incorrect to adjust for zero power
in the plate circuit,)

As an indicator of neutralization adjust-
ment, one can use either a sensitive r-f meter
coupled to the plate circuit or observe the reac-
tion on the grid current as the plate circuit is
tuned. When the plate circuit is tuned through
resonance, the grid current will dip when the
circuit is out of neutralization in the same man-
ner as it does with triode neutralization adjust-
ments. The neutralizing circuit is adjusted until
the indication has been reduced to a minimum.

For the final trimming of the neutralization
adjustment, the stage should be returned to oper-
ating condition at reduced power similar to that
used when testing for parasitic oscillations, or
under the final loaded operating conditions. At
the higher frequencies and in the VHF region, it
will be found that a small additional trimming
adjustment of the neutralizing circuit is usually
required. When the plate circuit is tuned through
resonance, the minimum plate current and maxi-
mum control grid current should occur simul-
taneously. The d-c screen current should be
maximum at the same time,

The neutralizing procedures indicated above
apply not only to the HF radio frequencies, but
also apply in the VHF or UHF regions. In the
latter cases the neutralizing circuit is different
and the conventional cross-neutralization schemes
will not be applicable. See below.

Fig 29

Tetrode characteristics involved in feedback
circuit.

page 16




- —— Y

SECTION D

Y]
<

COMPONENTS OF QUTPUT VOLTAGE

———
Yy -

G/\_%L....i

S

Fig. 30

Graphieal presentation of components of output
circuit voltages in tetrode when self neutralized.

D-2-b. Analysis of Neutralizing Circuits

Careful analysis of the feedback circuits of
tetrodes in the VHF region has been made? and
the basic concepts follow. In Fig. 29 the tetrode
circuit elements involved in the feedback circuits
are indicated. These circuit elements are inher-
ent and inside the vacuum enclosure of the tube,
and involve the residual capacitance plate-to-
grid, the capacitance from plate to screen, the
capacitance from screen to grid, and the induct-
ance of the screen lead to the tube. It will be
noted that the r-f voltage developed in the plate
circuit Ep causes a current I to flow through the
plate to screen Cps, and the inductance L in the
screen leads. The passage of this current through
the inductance L develops a voltage -E which has
a polarity opposite to that of the plate voltage
Ep.

In Fig. 30 these same circuit elements and
voltages have been arranged with a graphical
representation where the height above or below
the zero line represents magnitude and polarity
of the r-f voltage of that part of the circuit with
respect to zero or filament voltage. Because all of
the circuit components involved are pure reac-
tances, the voltages are either in phase or out of
phase and so can be represented as positive and
negative with respect to each other. The voltages
plotted are the components only of the r-f out-
put circuit voltage Ep and no attempt is made to
show the normal driving voltage on the grid. The
plate “P’" is shown at a high positive potential
above zero and the magnitude is represented by
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the distance above the zero line as shown by the
dimension Ep. The voltage developed in the
screen lead inductance places the screen at a
negative voltage with respect to the plate voltage.
The screen of the tube “S” is shown to be below
the filament line, or negative, by the amount -E.
If the circuit were perfectly neutralized, the con-
trol grid “G” would lie on the zero potential line
or at filament potential insofar as any action of
the r-f plate voltage “Ep’’ on the input circuit is
concerned. If there is no component of output
voltage developed between grid and filament, the
circuit is neutralized.

The total r-f voltage between plate and
screen comprises plate voltage Ep and screen lead
inductance voltage -E. This total voltage is ap-
plied across a potential divider consisting of the
capacitance plate to grid, Cpg, in series with the
capacitance grid to screen, Cgs. When this po-
tential divider is suitably matched to the magni-
tudes of the voltage Ep and screen lead voltage
-E, the control grid will have no voltage differ-
ence to filament as a result of the output circuit
voltage Ep.

It should be noted in Fig. 30 that the poten-
tial dividing action between capacitances plate-
to-grid, Cpg, and grid-to-screen, Cgs, will not
be affected by the operating frequency. It should
be noted also that the division of voltage between
plate and screen and screen and ground due to
the charging current, I, will vary greatly with
frequency. There will, therefore, be some part-
icular frequency at which this potential dividing
circuit places the grid at filament potential as far
as the plate circuit action is concerned, and this
is called the self meutralizing frequency of the
tetrode. At this particular frequency the tetrode
is inherently neutralized due to the circuit ele-
ments within the tube structure and any external
added screen lead inductance to ground. Typical
self neutralizing frequencies with normal screen
by-passing circuits are as follows:

Approximate Self Neutralizing Frequencies of
Tetrodes

4-1000A . . . . 25to 30 Me.
4-400A . 45 Mc.
4-250A . . . . 45Mec.
4X500F . . . T5to 90 Mc.
4-125A . . . . T5to 90 Me.
4-65A 80 to 120 Mec.
ii]l_ggé apparently above the

4X500A useful range of the tube.
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Fig. 31

Components of output voltage of a tetrode when
neutralized by added series screen-lead
capacitance.

When the tube is operated below the self
neutralizing frequency, the normal cross neutral-
izing circuits apply. In this case a neutralizing
(:apacitorI approximately equal to the plate grid
capacitance of the tube brings voltage of oppo-
site polarity from the output circuit to the grid
or from the input circuit to the plate.

If the operating frequency is higher than the
self neutralizing frequency of the tetrode, the
voltage -E developed in the screen grid lead in-
ductance is too large to give the proper voltage
division between the internal capacitances of the
tube. One obvious method of reducing the volt-
age in the screen lead reactance is to series tune
the screen lead to ground so as to lower the total

reactance. This takes the form of a series vari-

able capacitor as shown in the graphical repre-
sentation in Fig, 31.

Another method would be to change the
potential divider network made up of the tube
capacitances. This could be done by adding
capacitance external to the tube between grid
and plate. The method is shown in Fig. 32. This
added capacitance plate-to-grid is on the same
order of size as the residual grid plate capaci-
tance of the tetrode and hence is similar in con-
struction to the neutralizing capacitance used
at lower frequency. However, in this case the
small wire or rod standing up beside the tube
“looking’ at the plate (and so forming a neutral-

COMPONENTS OF QUTPUT VOLTAGE

gesiindf Sy

Fig. 32

Componenis of output voltage of a tetrods when
neutralized by added external grid-to-plate
capacitance.

izing capacitor) is connected to the grid of the
tube rather than to an opposite polarity in the
input circuit.

If the r-f power amplifier, operating above the
self neutralizing frequency of the tube, must
tune over a range of frequencies, it is probably
easier to use the screen series tuning capacitor
method and make this control available to the
operator. If operation is desired over a range of
frequencies including the self neutralizing fre-
quency of the tube, this circuit is also desirable
because the incidental lead inductance in the
variable tuning capacitor lowers the self neutral-
izing frequency of the circuit so that the neutral-
izing series capacitor can be made to operate
over the total desired frequency range. Obvi-
ously, if the range is too great, switching of neu-
tralizing circuits will be required. Usually, a
small 50 or 100 mmfd variable capacitor in the
screen lead has been found satisfactory.

D-2-c. Self-Neutralization of the VHF Parasitic

Another method of changing the self neu-
tralizing frequency of a tetrode is had when
using the general bypassing arrangement of
screen and filament shown in Fig. 23. The screen
lead is bypassed with minimum inductance to
the filament terminal of the tube. Some induct-
ance is introduced in the common filament and
screen grounding lead.
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Fig. 33

Components of output voltage of a tetrode neu-
tralized by adding inductance common to screen
and cathode return.

The circuit arrangement is plotted with
components of plate voltage in Fig. 33. The grid
is shown below the zero voltage or chassis poten-
tial, indicating that the voltage developed in the
total screen lead inductance to chassis is excess-
ive. If now the filament is tapped up on this in-
ductance, a point can be found where the voltage
difference between grid and filament is zero as
far as the components of plate voltage are con-
cerned. The arrangement will be found to self
neutralize at a higher frequency than if the fila-
ment and screen were separately bypassed to
chassis. '

It has been found in tubes, such as the
4-654A, 4-125A, 4-250A, 4-400A and 4-1000A,
that the usual VHF parasitic is higher in fre-
quency than the normal self neutralizing fre-
quency of the tube. Thus, by increasing the self
neutralizing frequency of the tube and screen by-
pass arrangement, the tendency of the VHF par-
asitic to occur is reduced.

If now the frequency of the VHF parasitic
is reduced by increasing the inductance of the
plate lead (presuming this is the principle fre-
quency defining circuit), it can be made to ap-
proach the self neutralizing frequency of the tube
and so suppress the parasitic.

It is interesting to note that the later addi-
tion of cross-neutralization for the fundamenal
HF or LF frequency should not disturb this VHF
neutralization provided the fundamental neutral-
izing circuit involves only voltages of the lower
or fundamental frequency.

In its purest form this might mean having
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zero impedance for the VHF parasitic frequency
between the point in the grid circuit where the
neutralizing capacitor is connected and the
chassis,

D-3. Properly Adjusting Excitation and Loading

In adjusting an r-f amplifier for proper ex-
citation and proper loading, it will be noticed
that the procedure is different, depending upon
whether the screen voltage is taken from a fixed
supply or a dropping resistor supply with poor
regulation.

In the case where both the screen supply and
grid bias are from fixed sources with good regu-
lation, the plate current is almost entirely con-
trolled by the r-f excitation. One should first
vary the excitation until the desired plate cur-
rent fows. The loading is then varied until the
maximum power output is obtained. Following
these adjustments the excitation is then trimmed
along with the loading until the desired control
grid, and screen grid currents are had.

In the case of an r-f amplifier where both
the screen and grid bias are taken from sources
with poor regulation, the stage will handle very
much like the triode r-f power amplifier. The
plate current will be adjusted principally by
varying the loading, and the excitation will be
trimmed to give the desired control grid current.
In this case the screen current will be almost
entirely set by the choice of the dropping re-
sistor. It will be found that excitation and load-
ing will vary the screen voltage considerably and
these should be trimmed to give about the nor-
mal screen voltage.

D-4. Operating Voltages and Currents for

Various Applications

Probably the simplest way to get an idea of
_the capabilities of the tube, and the voltages and
currents to be used on the various electrodes, is
to refer to the technical data sheet for that tube
type. A number of typical operating conditions
are given for various classes of service. A great
many other operating conditions are possible,
but these particular ones are usually selected to
show the maximum capabilities of the tube for
different plate voltages. At no time should the
maximum ratings for that class of service be
exceeded.

As long as none of the maximum ratings of
the tube are exceeded, a wide choice of voltages
on the plate, screen, or grid, and a wide range of
plate current values is available. In general it
will be found that for eflicient operation the




ratios of d-¢ grid current, d-¢ screen current, d-c
plate current should be kept somewhere near the
KL ratios indicated on the data sheet. Thus, if 145 or
24 of the indicated plate current is to be used,
the d-c¢ grid current and d-c screen current
should be approximately 145 or 24 of the values
indicated on the data sheet.
For those interested in estimating tube per-
formance from the characteristic curves of the
i tube, two application bulletins are avaliable® .
J These application bulletins describe simple
means of calculating or estimating from charac-
teristic curves the performance of tubes as class-
C r-f amplifiers.
T In referring to the characteristic curves of
a tube, it should be recognized that these curves
are typical of a normal tube. As in all manufac-
tured products, some tolerance is allowed. In
general, the currents indicated will be within
plus or minus 10% of the values shown.

D-5. Effect of Different Screen Voltages

Typical operating values for a tetrode for
a particular value of screen voltage are given on
the published data sheet., The screen voltage is
not critical and the value used has been chosen

) as a convenient value consistent with low driv-

‘Q ing power and reasonable screen dissipation. If
lower values of screen voltage are used, more
driving power will be required on the grid to
obtain the same plate current. If higher values
of screen voltage are used less driving power
will be required. Thus, high power gain
can be had provided the circuit has adequate
stability. Care should be observed that the screen
dissipation limit is not exceeded. The value of
screen voltage can be chosen to suit available
power supplies or amplifier conditions.

For a method of altering the coordinate and
curve scales of the tube curves to obtain a set of
curves for another screen voltage, see page 5 of
the Eimac 4-65A Technical Data Sheet'.

? D-6. Balance of Push-Pull Amplifiers

In a push-pull r-f amplifier lack of balance
of plate circuit or plate dissipation is usually due
to lack of symmetry in the r-f circuit. Normally,
the tetrodes are similar enough that such un-
balance is not associated with the tube and its
characteristics. This point can readily be checked
by interchanging the tubes in the sockets (pro-
vided both tubes have the d-c voltages to plate,

. screen, and grid in common) and seeing whether
the unbalanced condition remains with the socket
location or moves with the tubes. If it remains

secTion D

with the socket location, the circuit requires ad-
justment. If appreciable unbalance is associated
with the tubes, it is possible that one tube is not
normal and should be investigated further.

The basic indicators of balance are the plate
current per tube and the plate dissipation of
each tube. It is assumed that the circuit
applies the same d-¢ plate voltage, d-c screen
voltage, and d-c grid bias to each tube from com-
mon supplies. Also, it is assumed that the plate
circuit is mechanically and electrically symmet-
rical or approximately so to begin with.

Unbalance in a push-pull r-f amplifier is
usually caused by unequal r-f voltages applied to
the grids of the tubes, or by the r-f plate circuit
applying unequal r-f voltages to the plates of the
tubes. The r-f grid excitation should first be
balanced until equal d-c plate currents flow in
each tube. Then the r-f plate circuit should be
balanced until equal plate dissipation appears
on each tube.

The balance of plate current is a more im-
portant criterion than equality of screen current
or grid current. This results from the fact that
tubes are more uniform in the plate current
characteristics, and also that the screen current
is very sensitive to lack of voltage balance in
the r-f plate circuit.

Once the d-c plate currents per tube have
been made equal by adjusting the r-f grid cir-
cuit, the r-f plate circuit can be adjusted to give
equal plate dissipations, as noted. Or, if the
tubes have equal screen current characteristics,
the r-f plate circuit could be balanced until equal
screen currents result. If the tubes differ some-
what in screen current characteristics, and the
circuit has common d-c supply voltages, the final
trimming of the plate circuit balance could be
made by interchanging tubes and adjusting the
circuit to give the same screen current for each
tube regardless of its location.

It should be noted that the d-c grid current
has not been used as an indicator of balance of
the r-f power amplifier. It is probable that after
following the above procedure the grid currents
will be fairly well balanced, but in itself it is not
a safe indicator of balance of grid excitation.

In audio power amplifiers operating in
Class-AB, or Class-AB,, the idle d-c plate current
per tube should be balanced by separate bias ad-
justments for each tube. In many cases some
lack of balance of the plate currents will have
negligible effect on the overall performance of
the amplifier.
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When tubes are operating in the idle posi-
tion close to cut-off, operation is in a region
where the plate current cannot be held to a close
percentage tolerance. At this point the action of
the positive screen and plate voltages is in
delicate balance with the opposing negative grid
voltage. The state of balance is indicated by the
plate current. Very minor variations of indi-
vidual grid wires or diameter of grid wires upset
the balance, and it is practically impossible to
control such minor variations in manufacture.
In many audio amplifier applications, especially
where the larger power tetrodes are used, the
circuit should be designed to permit the bias to
be adjusted individually on the tubes.

D-7. Harmonic Amplifiers and Control

of Harmonics

The use of power tetrodes to give good effi-
ciency in harmonic amplifiers and to control the
presence of unwanted harmonics in the output
circuit is inherently sound. Because of the shield-
ing built into the tetrode, the coupling between
the output and input circuits( and the input and
output circuits) has been reduced to a negligibly
small value. (To estimate harmonic amplifier
performance see Brown?!? and the Eimac applica-
tion bulletin “Tube Performance Computor’’?,)

A pulse of plate current delivered by the
tube to the output circuit contains energy on
the fundamental and most harmonic frequencies.
The output plate circuit resonance, coupling, and
shielding must be designed to select the desired
frequency and avoid radiation of the undesired
frequencies.

It is not generally appreciated that the pulse
of grid current also contains energy on the har-
monic frequencies and control of these harmonic
energies may be quite important. The ability of
the tetrode to isolate the output circuit from the
input circuit over a very wide range of frequen-
cies is important in avoiding feed-through of
harmonic voltages from the grid circuit. An im-
portant part of this shielding is the fact that
properly designed tetrodes permit the construc-
tion of complete shielding in the amplifier layout
so that coupling external to the tube is also
prevented.

It has been found that the plate circuit efh-
ciency of tetrode harmonic amplifiers is quite
high. In triode amplifiers, if feed-back of the
output harmonic frequency occurs, the phase of
the voltage fed back is usually such as to reduce
the harmonic content of the plate pulse, and
thereby lower the plate circuit efficiency. Since
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tetrodes have negligible feedback, the efficiency
of a harmonic amplifier is usually up to expected
efficiencies.

Also, the high amplification factor of a tet-
rode causes the plate voltage to have little effect
on the flow of plate current, and it is easier to
obtain plate pulses with high harmonic energies
without using excessive grid basis. A well de-
signed tetrode also permits large r-f voltages to
be developed in the plate circuit while still pass-
ing high peaks of plate current in the r-f pulse.
These two factors help further to increase the
plate efficiency.

In r-f amplifiers operating either on the
fundamental or a desired harmonic frequency,
the control of unwanted harmonics is very im-
portant. The subject is well covered in the litera-
ture discussing the reduction of interference with
television receivers. The following steps permit
reduction of the unwanted harmonic energies
present in the output circuit:

1. 'The circuit impedance between plate and
cathode should be very low for the high
harmonic frequencies. Usually this is ob-
tained by having some or all of the tun-
ing capacitance of the resonant circuit
close to the tube.

2. Complete shielding of the output com-
partment.

3. The use of inductive output coupling
from the resonant plate circuit and pos-
sibly a capacitive or Faraday shield be-
tween the coupling coil and the tank coil,
or a high frequency attenuating circuit
such as a pi, or pi-L net.

4. The use of low pass filters for all supply
leads and wires coming into the output
and input compartments.

5. The use of resonant traps for particular
frequencies.

D-8. Driving Power Requirements

The technical data sheet for a particular tube
gives the approximate driving power required.
For radio frequencies below the VHF region, the
driving powers are obtained by calculation and
confirmed by direct tests. The listed driving
power gives the total power taken by the tube
grid and the bias circuit. This driving power
figure does not allow for losses in the r-f resonant
circuit since such losses depend principally on
the design of that circuit. The circuit losses can
be kept to a low value by proper design. Some
allowance for them must be made, however, in
determining the total driving power to be sup-
plied by the driver stage.




In the case of tetrodes operating in the VHF
and UHF region, the approximate driving power
given under typical operation on the data sheets
js obtained by direct measurement in operating
equipment. Because it is impossible to separate
the circuit action and the tube action, the driving
power listed is the total power taken by the tube
and a practical amplifier circuit.

The total driving power required from the
exciter stage in the VHF and UHF region is pre-
sumably composed of the following:

1. The power taken by the grid itself and
the bias circuit (which is equal to that
for the same grid voltages and current
acting in a low frequency circuit).

2. The resistance losses caused by the r-f
charging currents passing through the
leads of the tube into the tube capaci-
tances.

3. Power fed through to the output circuit
and power dissipated on plate and sereen
due to the presence of cathode lead
inductance.

4. Excess energies taken on by the space
current electrons within the tube due to
the rapidly varying grid voltage. Some
of this excess energy shows up in bom-
bardment of the cathode and general
tube structure.

5. Some dielectric loss in the insulating
material of the tube envelope.

6. Losses in the r-f grid circuit and a por-
tion of the input line coupled to the driv-
ing circuit.

The total driving power in the VHF and
UHF region is often greater than the grid dissi-
pation capability of the tube. As indicated above,
the portion of the driving power which appears
as grid dissipation can be calculated in the noxr-
mal manner® (d-c grid current times the peak
positive grid voltage).

LIFE

E-1. Maximum Tube Ratings.

The technical data sheet for each tube type
gives the basic maximum ratings for each class
of service. Also on the technical data sheet will
be found references to cooling air and maximum
temperature, and mechanical considerations as
they may affect life. Careful observance of the
information on the data sheet will avoid damage
to the tube.and shortening of its useful life. A
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D-9. VHF and UHF Operating Conditions for

Satisfactory Plate Efficiency and Minimum
Drive.

‘When operating a tube in the VHF and UHF
region the driving power can usually be mini-
mized without appreciably affecting the plate
conversion efficiency, by the following steps:

1. A minimum d-¢ control grid bias should
be used. Frequently, it is advisable to
bring this down to approximately cut-
off. .

2. A high value of d-c screen voltage is ad-
visable even though it appears to in-
crease the fraction of the cycle during
which plate current flows.

3. Using the minimum r-f excitation volt-
age necessary to obtain plate circuit per-
formance, even though the d-c grid cur-
rent is considerably lower than one
would expect at lower frequencies.

4. The cathode lead inductance common to
the output and input circuits should be
kept to a low value.

It is found that the choice of driving condi-
tions as indicated above does not necessarily de-
crease the plate efficiency as much as at lower
radio frequencies. The steps indicated above
should be tried experimentally to determine
whether or not the plate circuit efficiency is ap-
preciably effected. As will be indicated below
under section E-3, it is preferable to sacrifice
plate efficiency somewhat and improve the life
expectancy of the tube in the VHF and UHF
region,

It has also been observed that optimum out-
put power at these frequencies is obtained when
the loading is greater than would be used at low-
er frequencies. Apparently the use of lower r-f
voltage in the plate circuit is desirable. Fortun-
ately, this same condition reduces driving power
and screen current and, as will be noted later,
improves life expectancy.

reprint on Vacuum Tube Ratings is available?.

In general, the tuhe ratings are so chaosen
that operation within the ratings will give a
minimum of 1000 hours of guaranteed life. The
typical life expectancy is therefore considerably
greater and will depend upon a great many fac-
tors, some of which are discussed below. In
general, operation below the maximum ratings
will increase the life expectancy of the tube. This
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is especially true with reduction in the plate dis-
sipation of the tube. Very roughly speaking, the
life expectancy will go up directly as the plate
dissipation and total watts being handled by the
tube go down.

If tubes are to be used in pulse service with
short pulses and appreciable off-time between
pulses, the tube ratings are quite different. For
information and assistance on' pulse application
write to the Field Engineering Department of
Eitel-McCullough, Inc., San Bruno, California, or

refer to Application Bulletin No. 3 “Pulse Serv- .

ice Notes’'".

E-2, Coadling

Adequate cooling of the tube envelope and
metal-to-glass seals is one of the principle factors
affecting tube life. Deteriorating effects increase
directly with the temperature of the tube envel-
ope and seals. The technical data sheet for the
particular tube type should be studied thor-
oughly with reference to the air cooling require-
ments. Even if no air cooling is specified, ample
free space for circulation of air around the tube
is required or else some air must be forced past
the tube. ’

Excess cooling air will have only beneficial
results and inadequate cooling air is almost cer-
tain to invite premature failure of the tube.

Tubes operated in the VHF and UHF region

are inherently subjected to greater heating action
than tubes operated at lower frequencies. This

results directly from the flow of larger r-f charg-
ing currents into the tube capacitances, dielectric
losses, and a tendency for electrons to bombard
parts of the tube structure other than the normal
grid and plate. See section E-3 for a discussion
of “VHF and UHF Life Considerations.” Greater
cooling air is therefore required at these higher
frequencies. For tubes designed to operate in the
VHY and UHF region, such as the Eimac tet-
rodes, the cooling air is specified for the normal
top frequencies of the tube.

E-3. VHF and UHF Life Considerations

A tube designed for VHF and UHF work
must have very small size if practical resonant
circuits are to be built around them. Further-
more, these tubes operate less efficiently and
have much greater incidental losses than at
lower frequency. For these reasons, the power
which must be dissipated from the electrodes
and tube envelope seals is very much greater per
unit of area than for tubes designed solely for
low frequency.
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If the tubes are to become a part of a VHF
line circuit or cavity UHF circuit, the inductance
associated with the electrode supports and leads
must be reduced to a very small value. In the
case of the 4X1504, 4X150G, and 4X500A, some
of the electrode leads and supports take the form
of large surfaces, conical or cylindrical in shape,
and extremely short. This means that the
amount of heat conducted out through the metal-
to-glass seals is greatly increased. It also means
that the terminal connections of the tube are
large surfaces with relatively thin walls.

The mechanical layout of sockets, connec-
tions, and circuits close to the tube must allow
ample cooling air to be blown against the tube
seals and surfaces. Also ample contacting surface
to carry the heavy radio frequency charging cur-
rents must be provided. Since these two require-
ments may tend to conflict, considerable thought
must be given to an adequate layout.

E-3-a. Connectors

Where the tube terminals are large cylindri-
cal surfaces, the contacting portions of the socket
are either spring collets or a multiplicity of
spring fingers. Usually these multiple contacting
surfaces are made of beryllium copper to pre-
serve the spring tension at the relative high
temperatures present on tube terminals and are
silver plated to reduce r-f resistance.

Rigid clamping connectors should be avoided
even though the radius of the curvature seems to
be close to that of the cylindrical contacting sur-
face of the tube. It has been found that such
rigid clamping connectors will distort the tube
terminal and fracture the adjacent metal-to-glass
seal. Similarly set screw connecting devices are
questionable on large cylindrical tube terminals
unless they act to distribute the pressure uni-
formly and without any distorting effects.

If the connectors fail to provide multiple
contacts to the cylindrical tube seals, concentra-
tion of r-f charging current will result and the
overheating may be destructive. Once the con-
nector loses its spring action the heating is
aggravated and damage to the tube is very apt to
occur. All tube connectors should be inspected
and serviced regularly to be sure that uniform,
good contact to the tube results.

E-3-b. Tube Temperatures

Forced air cooling of the seals and tube
envelope, as well as of an external anode, is im-
perative. Both air flow and maximum tempera-
tures are given on the data sheets and both
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should be measured to be certain that ample air
and cooling results. The problem of making
temperature measurements under these condi-
_tions is severe. The most practical technique has
been to use a very light spray of very thin tem-
perature indicating paint, such as Tempilag—
made by the Tempil Corporation, 132 West 22nd
Street, New York 11, N. Y. By using an ex-
tremely thin spray and not covering solidly, a
temperature gradient across the indicating paint
due to the action of the cooling air will be
avoided. For further discussion see Eimac appli-
cation bulletin’™ on the subject.

Backheating by Electrons

Another action involving the motion of
electrons within the tube is present at VHF and
UHF and has been commonly referred to as back-
heating of the cathode. Due to the fact that the
time of flight of the electrons from the cathode
through the grid structure to the plate becomes
an appreciable part of the cycle, the electrons
can be stopped in flight and turned back by the
rapidly changing grid voltage. Under these con-
ditions the electrons are turned back or deflected
from their normal paths and given excess energy
with which the electrons bombard the cathode
and other portions of the tube structure. This
effect can be greatly aggravated by the choice
of operating conditions to the extent that very
destructive effects occur. The tube can even be
destroyed within a few minutes under severe
conditions.

Fortunately, the conditions which tend to
minimize this back-bombardment by electrons
are the same as those giving minimum driving
conditions as discussed under ‘VHF Operating
Conditions” section D-9. The tendency for elec-
trons to be turned back in flight is reduced by the
use of the lowest possible r-f grid voltage on the
tube. This is obtained by using the lowest pos-
sible d-c grid bias. In tetrodes this effect is in-
herently much lower because of the action of the
d-c accelerating voltage on the screen of the
tube. The d-c¢ screen voltage acts to continue
accelerating the electrons toward the anode, and
also inherently permits the use of very much
smaller grid voltages. Consequently, under
favorable conditions the numhber of electrons
turned back to heat the cathode and tube struc-
ture can be kept to a practical low level. In addi-
tion to the use of low d-c grid bias, a high screen
voltage is desirable.

At the same time the plate circuit should
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always operate with heavy loading (low external
plate impedance) so that the minimum instan-
taneous value of plate voltage shall stay suffi-
ciently positive to continue accelerating electrons
to the anode. For this reason best life is had
when the tetrode amplifier is heavily loaded as
indicated by having small values of d-c screen
and d-c control grid current.

NEVER OPERATE WITH LIGHT PLATE
LOADING. 1f the plate load is removed so that
the minimum instantaneous plate voltage tends
to fall to values around cathode potential (as it
must do when the loading is removed completely
and excitation is present), the number of elec-
trons turned back can be completely destructive
to the tube. It has been found that under condi-
tions of “no loading’ the electron bombardment
of the insulating glass portion of the tube is
often sufficient to cause a suck-in of the glass.
Automatic protection should be installed to re-
move all voltages from the tube when the plate
circuit loading becomes too light for the amount
of excitation applied.

It should be noted that parasitic oscillations
are seldom loaded heavily, as indicated by the
high grid currents often had during such self os-
cillation. Thus excessive r-f plate voltages are de-
veloped which at VHF can be damaging in the
same manner as unloaded operation on a VHF
fundamental frequency. Should such unloaded
VHF parasitic oscillation be present simultan-
eously with apparently satisfactory operation on
the fundamental, unexplained reduction of life
may result.

Occasionally, also, an output line circuit
can resonate simultaneously to a harmonic fre-
quency as well as to the fundamental fre-
quency. The higher resonant modes of practical
line circuits are not normally harmonically re-
lated, but sometimes the tuning curve of a mode
will cross the fundamental tuning curve and at
that point the circuit will build up resonant volt-
ages at both the harmonic frequency and funda-
mental frequency. The harmonic resonance is
usually lightly loaded and the damaging action
is similar to that of lightly loaded parasitic or
fundamental operation. Again the operation of
the tube and circuit on the fundamental may ap-
pear normal, but with lower than expected effi-
ciency, and damaging action to some degree can
occur.

In addition to operating the tube with
minimum bias, high screen voltage, and heavy
loading on the plate circuit, some degree of com-
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pensation for the remaining back heating of the
cathode may be required. This can be accom-
plished by lowering the filament voltage or heat-
er voltage until the cathode operates at normal
temperature. It has been found with tetrodes
that by taking precautions necessary to minimize

TECHNICAL

The Field Engineering Department of Eitel-Mc-
Cullough, Inc., will gladly assist tube users in the
choice of tubes and operating conditions. This is
especially important where a prototype design of
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	EIMAC "EXTRAS”

	¡1

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

	Anchorage

	Juneau

	Birmingham

	Mobile

	Montgomery

	ARIZONA

	Phoenix

	Tucson

	ARKANSAS

	Blytheville

	Ft. Smith

	Little Rock

	Texarcana

	CALIFORNIA

	Bakersfield

	Burbank

	Fresno

	Glendale

	Los Angeles

	Long Beach

	Maywood

	Oakland

	Palo Alto

	Pasadena

	Sacramento

	San Bernardino

	San Diego

	San Francisco

	San Jose

	Santa Ana

	Santa Barbara

	Stockton

	COLORADO

	Colorado Springs

	Denver

	Grand Junction

	Pueblo

	CONNECTICUT

	Bridgeport

	Hartford

	New Britain

	New Haven

	New London

	Stamford

	Waterbury

	DELAWARE

	Wilmington

	FLORIDA

	Ft. Lauderdale

	Jacksonville

	Lakeland

	Miami

	Orlando

	Pensacola

	St. Petersburg

	Tallahassee

	Tampa

	West Palm Beach

	GEORGIA

	Albany

	Atlanta

	Augusta

	Columbus

	Macon

	Savannah

	HAWAII

	Honolulu, T. H.

	IDAHO

	Boise

	Idaho Falls

	ILLINOIS

	Belleville

	Chicago

	Decatur

	Elgin

	Peoria

	Quincy

	Rockford

	Rock Island

	Number of Electrodes

	PW


	Plate Dissipation (Watts)

	Description

	Version

	(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 television band, type number 3K20,000LA, is broken down as follows:

	Number of Cavities

	Dissipation Rating (Watts)

	Type of Tabe

	Version

	Frequency Band


	APPLICATION

	MECHANICAL

	ELECTRICAL

	where Pg = Grid dissipation, ecmp = Peak positive grid voltage, and lc=D-c grid current.

	OPERATION


	Screen-tuning neutralization circuit for use above 1 00 Me. C is a small split-stator capacitor.

	640,000

	clju^d)	, approx.

	f2 (Me.)


	KEYING THE TETRODE AMPLIFIER

	SHIELDING

	DIFFERENT SCREEN VOLTAGES

	SINGLE SIDE BAND SUPPRESSED CARRIER OPERATION

	SSSC TUNING PROCEDURE


	COMPONENTS FOR TYPICAL CIRCUITS


	4-125R

	4-125A'

	AUDIO-FREQUENCY POWER AMPLIFIER AND MODULATOR

	AUDIO-FREQUENCY POWER AMPLIFIER AND MODULATOR

	APPLICATION

	COMPONENTS FOR TYPICAL CIRCUITS


	4-25011

	AUDIO-FREQUENCY POWER AMPLIFIER AND MODULATOR—CLASS AB

	APPLICATION

	Mechanical

	Electrical

	Operation


	4	400H 1

	GENERAL CHARACTERISTICS

	APPLICATION

	>	MECHANICAL

	►	ELECTRICAL

	OPERATION

	CLASS-C R-F AMPLIFIER



	4-iooon

	RADIAL-BEAM POWER TETRODE

	MODULATOR

	OSCILLATOR

	AMPLIFIER

	GENERAL CHARACTERISTICS

	APPLICATION

	MECHANICAL

	ELECTRICAL

	OPERATION

	CLASS-C R-F AMPLIFIER


	TENTATIVE DATA

	GENERAL CHARACTERISTICS

	ELECTRICAL

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

	D-C Voltage (Approx.) ...	-	1600 volts

	D-C Current (Approx.) -	-	-	-	1.9 amperes

	Filament: Thoriated Tungsten, Helical

	Voltage	.......	10	volts

	Current	.......	30	amperes

	Maximum allowable starting current -	-	50	amperes

	Direct Interelectrode Capacitances (Average)

	Grid-Plate	-------	0.5	¿t/Jd

	input	125 ^fd

	Output .......	23 ¡ififd

	Screen-Grid Amplification Factor (Averagel -	-	5.5

	Transconductance (lt=6.6 A., Eb7zz3.0 kV., Ec;—1200 V.)	75,000 /imhos

	MECHANICAL


	Base

	Mounting Position ..........

	Cooling --	-	.........

	k Maximum Overall Dimensions

	Length	..........

	Diameter	..........

	Net	Weight ...........

	Shipping	Weight	..........

	RADIO FREQUENCY POWER AMPLIFIER MAXIMUM RATINGS (per tube)



	APPLICATION

	GENERAL CHARACTERISTICS

	ELECTRICAL

	MECHANICAL


	RADIO-FREQUENCY POWER AMPLIFIER OR OSCILLATOR

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

	MAXIMUM RATINGS


	PLATE-MODULATED RADIOFREQUENCY AMPLIFIER

	Class-C Telephony (Carrier conditions, per tube)

	MAXIMUM RATINGS


	RADIO-FREQUENCY POWER AMPLIFIER

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

	MAXIMUM RATINGS


	CLASS-AB OR B POWER AMPLIFIER OR MODULATOR

	MAXIMUM RATINGS (Per tube)

	MECHANICAL

	ELECTRICAL

	4X150A/4000 with 4X150A

	4X150A Socket

	4X150A/4010 with 4X150A

	TENTATIVE DATA

	TENTATIVE DATA

	GRID VOLTAGE-VOLTS

	PLATE VOLTAGE-VOLTS




	4X50011

	GENERAL CHARACTERISTICS

	ELECTRICAL

	MECHANICAL

	RADIO-FREQUENCY POWER AMPLIFIER

	OR OSCILLATOR

	PLATE-MODULATED RADIO-FREQUENCY AMPLIFIER

	SUPPRESSOR-MODULATED

	RADIO-FREQUENCY AMPLIFIER

	AUDIO-FREQUENCY POWER AMPLIFIER OR MODULATOR

	MECHANICAL

	ELECTRICAL

	7BM


	2C39R

	FREQUENCY - MC.

	DRIVING POWER vs. POWER OUTPUT

	AUDIO-FREQUENCY POWER AMPLIFIER AND MODULATOR

	APPLICATION

	ELECTRICAL

	MECHANICAL

	AUDIO FREQUENCY POWER AMPLIFIER OR MODULATOR

	APPLICATION


	TENTATIVE DATA

	1 NC.

	APPLICATION


	BEAM CURRENT (Ib) AMPERES

	ELECTRICAL

	MECHANICAL

	MAXIMUM RATINGS (single tube)

	APPLICATION

	GENERAL CHARACTERISTICS

	ELECTRICAL

	MECHANICAL

	MAXIMUM RATINGS (single tube)

	APPLICATION


	VC50-32

	VC50-20

	VC25-32

	VC25-20

	VC 12-32

	VC 12-20

	VC6-32

	VC6-20

	VC50-32

	VC50-20

	VC25-32

	VC25-20

	VC6-32

	VC6-20



	TYPES VYC 60-20 VVC2-60-20 VVC4-60-20

	GENERAL

	CHARACTERISTICS

	ELECTRICAL

	MECHANICAL

	The VVC2-60-20 is a dual unit variable vacuum capacitor consisting of two VVC60-20 units in a convenient gang mounting.


	CHARACTERISTICS

	ELECTRICAL

	MECHANICAL

	The VVC4-60-20 is a four unit variable vacuum capacitor consisting of four VVC60-20 units in a convenient gang mounting.


	MECHANICAL


	PREFORMED CONTACT FINGER STOCK

	EITEL- McCULLOUGH-INC>
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	VACUUM PUMPS & GAUGES • SWITCHES SOCKETS • HEAT DISSIPATING CONNECTORS • MISC. 5

	RECTIFIERS VACUUM CAPACITORS	4

	TRIODES

	VACUUM CAPACITORS

	FIXED TYPE

	VARIABLE TYPE


	HIGH VACUUM RECTIFIERS

	MERCURY VAPOR TYPES

	AIR-SYSTEM SOCKETS

	4-400A

	4-lOOOA


	HR

	HEAT DISSIPATING

	CONNECTORS

	4X150A
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