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TYPICAL AUDIO COMPONENTS

CLASS A INPUT TRANSFORMERS

TYPICAL POWER COMPONENTS

PLATE AND FILAMENT TRANSFORMERS

Net Pri 115 V. — 50/60 Cycles
Tyne No. Application Ratio _ Price Type mg%' Rectiﬂer/ Y Net
$-2 1 plate* to 2 grids %:1 $3.80 No. Voltage Voltages* Fil. Fil. No. | Fil. No. 2 Prie
i1 S-40 525-425-0-
S-5 Single or doubie button mike or line to 1 16:1 4.25 445-525 6.3 V.C.T. 6.3 V.CT. $10.5
grid hum-bucking t 250 Ma. 400/310 5 V.-3A -3A 3A )
S-6 l‘llnxlli ur dcubietbuttun mike or line to 16:1  3.10 S-41 600-0-600 7.5 vd 03 V.01 o5
rid, cumpact type tappe 3.3 V.C.T, .
£ 200 Ma. 475 5 V.-3A 43 V.-3A 2\
VERSAL DR
UNI S DRIVER TRANSFORMERS Net PLATE TRANSFORMERS
Type No. Application Price Primary 115 V. — 50/60 Cycles e Ne
o st 5 e
_S_? Dushpull driver plafes o gclds of class B $5.20 ';ype No. 15};:3:":00':::: - DC_Voltages* Current Pric
$-107 Pushoull 36, 6C6 triode, 6C5, of simllar plates 470 il 71330-1000-0- 23 /105 3
o455, 2A3"s or 6LE's. self of fixed bias D 1000-1250-1500 1275/1050 /825 300 Ma. $19.0¢
S48 ee-isenisee 1300/1075/850 500 M. 28,01
UNIVERSAL MODULATION - TRANSFORMERS e E T : ' 2 :
Secondary carries class C current . 1500.1300.2100 15815/1540 /1275 300 Ma, 26.5
Any modulator tubes to any RF load, p 5
Net $-50  3000-2500-0-2500 e
Type No. Audio Power Price 3000 2625/2175 300 Ma, 37.0
S.18 12 watts $ 5.00 FILAMENT TRANSFORMERS
S-19 30 watts 7.50 Primary, Tapped 105, 115 Volts — 50/60 Cycles
S-20 55 watts 11.00 Secondary Secondary Nef
S-21 110 watts (5.50 Type No. Volts current Insulation Pric
§22 350 watts 24.00 s-53 2.5 VCT } 10 A. 1500 V. $3.2
8-54 5 VCT 4 A. 2500 V, 3.2
UNIVERSAL OUTPUT TRANSFORMERS §-55 63 VCT 3 A. 1500 V. 3.2
TO LINE AND VOICE COIL s 2.5 VOT 10°A. 10,000 V., 4.5
T (Secondary Impedances: 500, 15,8, 2 ohms) 5 to 5.25 VCT 13 A, 5000V, 4.5
ype 10 VCT 10 A 3000 V, 5.5
No = -
Max. Primary Typical Net Fil 1. fll. 2 Fil. 3 Insulation
Watts Impedance Tubes . Priee __ 25 VCT-5A 5 VCT-4A 8.3 VCT-3A 3000 V. 5.5
8-14 Ningle Tubes: 5 VCT-6A 6.3 VCT-5A 3000 V, 5.5
10 W, 2500 ohms 243, 643, 6A5, 6B4, 6L6, 676, W8 VOT-5A 63 VOT 54 5000 V. 6.0
4000 ohms 31, 43, 45, 48, 6V6, 12A5, 12.
7000 ohms s, 47 42 85 S0 1005 1248, 40 FILTER AND SWINGING CHOKES
6K6, 6N6, TBS; Type Induct- Net
10.000 ohms 37. 38, 41, 1G5, 3C5, 6A4, 6N7 No.  Service anee Current Resistance fnsulation  Prie
lsz"»‘r»’/ oo o ubes: 6vs, §226 Filter 15 Hy. 60 Ma, 230 ohms 500 V. § 3.0
* 5000 ohms 45, ,“ 6 A3, 6A5. 6B4 4.70 §-37 Filter 30 Hy. 75 Ma. 750 ohms 1500 V., 3.8
10,000 ohms .50',",1%% GGA\%SGG.\GGBJGNIS. 649 53, §-28  Filter 20 Hy. 100 Ma, 350 ohms 1500 V., 3.8
S- ] uf : . X
§:165000 ohms 35, 48, 2A3. #A3. 6A5, 6B4, Z5L6 3 :? il Rt SRS uhohms 1509 ¥ 3.8
30 W. 6000 ohms . 4. 245, 6F6 triodes - ter 20 Hy. 235 Ma, 120 ohms 2700 V. 5.0
46, 59, Parallel 53, GAG 6N 6.20 $-32  Swinging 5/25 Hy. 225 Ma. 120 ohms 2700 V., 5.0
9000/10000 ohms 42‘.;[‘6 : ‘}g 6AC5. 6B5, GFB S-33_ Filter 20 Hy, 300 Ma, 00 ohms 4000 V., 7.0
§T7 R0 ohms 6L6's' - S.34 Swinging 5725 Hy.. 300 Ma. 90 vhms 4000 V. 7.0
55 W. 4500/5000 ohms 4—6L6's 7. S§-37  Filter 20 Hy, 550 Ma, 60 ohms 6000 V. 4.0
50 e
46, 1608, 809 $-38  Swinging 5/25 Hy. 550 Ma., 60 ohms 6000 V. 14.¢
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GL-813 BEAM POWER TETRODE

Filament voltage 10v
current 5 amp
Max plate voltage 2,500 v
current 225 ma
Frequency at max ratings 30 me

AKE care, when you install a GL-813 as replace-

ment for another-make tube of the same type—.

neutralizing no longer may be needed! In which case,
to simplify your circuit becomes a “must”, and a
welcome one.

A prime example of the tube’s superior shielding,
is the large ground-plane barrier. By adding to a
GL-813 the customary short external base shield,
you have as fine all-around protection from feedback
as may be obtained. Consequently, the need to neu-
tralize disappears in most cases.

And what a miser for drive this high-gain G-E
tube is! Using only .35 w of driving power, a pair of
GL-813’s in Class AB, modulator service will de-
liver 650 w of audio.

Quality where quality counts, has been the creed
in every detail of the tube’s design, at every stage of
its manufacture and testing. See the GL-813 at your
nearby General Electric tube distributor! Study its
many features that are better . . . giving you better
performance in all the ham applications which the
GL-813’s famedversatility makespossible! Electronics
‘Department, General Electric Co., Schenectady 5, N. Y.

Series 8 in a listing, by areas, of tube
distributors who can supply you with
Ham News, G.E.'s hi-monthly magazine:

Abilene, Tex.: R. and R. Electronics Co.
Albuquerque, N. M.: Electric Supply Co.
Amarillo, Tex.: R and R. Electronics Co.
Austin, Tex.: Hargis Co. -

Billings, Mont.: General Electric Supply Corp.

Boise, {daho: Craddochs Radio Supply; General Electric Sup-

ply Corp.

Brownwood, Tex.: Central Supply Co. _

Butte, Mont.: General Electric Supply Corp.

Corpus Christi, Tex.: Wicks DeVilbiss Co.

Dallas, Tex.: Crabtree Wholesale Radio Co.; General Electric
Supply Corp. ) 5

El Paso, Tex.: Mr. C. C. McNichol; Reeves-Radio Supply;
Triangle Electric Supply Co.

Fargo, N. D.: Dakota Electric Supply.

Fort Worth, Tex.: Fort Worth Radio Supply Co.; Scooter’s
Radio Supply.

Houston, Tex.: General Electric Supply Corp.: Hall, Inc.;
Lenert Co.

Lubbock, Tex.: R. and R. Parts and Supply Co., Inc.

McAlister, Okla.: Southeast Oklahoma Radio Supply.

Oklahoma City, Okla.: Radio Supply Co., Inc.; Wolfe Dis-
tributors. . |

Omaha, Neb.: General Electric Supply Corp.; Omaha Appli-
ance Co.; Radio Equipment Co. )

Phoenix, Ariz.: Radio Specialties and Appliance Corp.

Salt Lake City, Utah: General Electric Supply Corp.;
0'Laughlin’s Radio Supply Co.; Radio Supply Co.;
S. R. Ross, Inc. )

Sag Antonio, Tex.: Modern Radio Supply, Inc.; WSHJY Radio
Supply.

Topeka, Kan.: Acme Radio Supply.

Tucson, Anz.: Elliott Electronics. )

Tulsa, Okla.: Radio, Inc.: S. and S. Radio Supply.

Tyler, Tex.: Lavender Radio Supply Co., Inc.

Waco, Tex.: Hargis Co.

Wichita, Kan.: interstate Distributors, Inc.

(List as of Dec. 27, 1949)

ELECTRONIC TUBES OF ALL TYPES FOR THE RADIO AMATEUR

GENERAL

ELECTRIC




32V-2 Transmitter

It all adds up to SATISFACTION

Hzre are some -of the reasons why
owners get so much unalloyed pleasure
in the use of their Colling 32V-2 trans-
mitters:

1. Complete in one cabinet.

2. Compact. Same size as the T5A-1
receiver.
3. Exceptional stability.
4. Very accurate dial calibration.

5. All controls conveniently located on
front panel.

6. Both coarse and fine antenna load-
ing controls actuated by the same
dial.

7. Push-to-talk switch on mike, key,
or a separate switch.

8. Provision for disabling receiver
when 32V-2 is in SEND position.

FOR SUCCESS IN AMATEUR RADIO, IT'S...

9. Grid block keying on 3 stages fol-
lowing the vro.

10. Keying very clean; no chirp or clicks.

11. Keyer circuit includes side tone
oscillator, used as a c-w keying
monitor."

Fine audio contributes to good voice
understandability.

TVI avoidance through improved
exciter and output design of the
32V-2, and through Collins engi-
neered accessories, if necessary, at
extra cost.

The 32V-2 covers the 80, 40, 20, 15,
11 and 10 meter bands. Conserva-
tively rated at 150 watts input on
¢-w, 120 watts on phone.

See this fine ham transmitter at your
Collins dealer’s. The price is $575.

12.

13'

14.

—
e

COLLINS RADIO COMPANY, Cedar Rapids, lowa

11 West 42nd Street, NEW YORK 18

2700 West Olive Avenue, BURBANK
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no other set gives you so much

Cheeck “Tliese Peatares Before You Buy!
RO . .1 courensation IR

tically eliminated. First i-f 2075 ke. good! Ceramic coil forms—wound in Halli-
~ plenty of it. 11 tuned cir- crafters own coil plant. Special band switch
cuits, one r-f, two conversion, and 3 i-f insulation, special trimmers.

stages. 216 ke \\noseu selecﬁviiy. SIGNAL TO NOISE RATIO —_— Ammngly

—. controllable from front high, almost twice as good as the SX-28.
panel. Increasingly important as more hams — Calibrated Bandspread—
switch to NBFM to avoid TVI and BCI.  Parallel drive dial pointers. Logging scales
Sensitivity approximately 1 microvolt at 28  on both dials.

Mc for 500 milliwatts output. — 11 tubes plus Regu-

XTI - essentially flat—far surpassing  lator and Rectifier. Range 538 ke to 35 Mc

comparable sets now on the market. and 46-56 Mc. Crystal filter. "'S"’ meter.
.

‘ See it at your Parts Distributor
or write direct to us for a spec sheet

4401 W. FIFTH AVE,, CHICAGO 24, iLL.




Skip around as your heart desires...be a

CRYSTAL CONTROLLED bnctopser with o vengeance... and yet

rvetain the priceless advantages of crystal

control. All you need is a half-dozen or

BUT NOT more PRs. Multiple crystal operation is the
——— ‘answer to today’s maddening QRM prob-

lems on phone or CW. It's most economical,

“ROCK BOUND" too. See your jobber and select low-cost

PRs from his all-frequencies stock. Be a
gypsy on the band.

e 20 METERS, Type Z-3, $3.75 o 40, 80 & 160 METERS, Type Z-2, $2.75

Y Slle

AND KNOW WHERE YOU ARE

PETERSEN RADIO COMPANY, INC.
2800 W. BROADWAY « COUNCIL BLUFFS, IOWA




| Section Communications Managers of the ARRL Communications Department

Reports Invited. All amateurs, especially League members, are invited to report station activities on the first of each
month (for preceding month) direct to the SCM, the administrative ARRL otticial elected by members in each Section.
Radio Club reports are also desired by SCMs for inclusion in QST. All ARRL Field Organization appointments are
now available to League members. These include ORS, OES, OPS, OO and OBS. Also, where vacancies exist SCMs desire
applications for SEC, EC, RM, and PAM. [n addition to station and leadership appointments for Members, ail amateurs

are invited to join the ARRL Emergency Corps (ask for Form 7).

ATLAA\ITIC DIVISION

Eastern Pennsylvania W3BES Jerry Ma 617 Crescent Ave. Glenside
Marvland-Delaware-D.C. W3BWT Eppa W. Darne 132 Tennessee Ave., N.E. Washington 2, D. C.
Southern New Jersey W2ASG Dr. Luther M, katarlan 500 \Varwmk Road Haddonfeld
Wesatern New York W2PGT Harding A, Clar D2 ius
Western Pennsylvania W3KWL KErnest J. Hlmaky 309 Reechwood Ave. Iarrell
CENTRAL DIVISION
Illinois WOEV ] Lloyd E. Hopkins 27 Lvnch St. Elgin
Indiana WORE \W. E. Monigan 1504 Kast Ewing Sonth Bend 14
Wisconsin WI9RQM ieno W. Goetach 20 8, 7th Ave. \Wausau
DAKOTA DlVlSlON
North Dakota WaIWY Rev. Lawrence
\tra.ndenaes St. Andrew’s Church Westhope

South Dakota WENGM 1. 5. Foasherg 509 Idaho Ave., S.E. Hur

Minnesota W@PRA John B. Morgan 1411 Summit Ave. St. 'aul 5
DELTA DIVISION.

Arkansas W3 {,l(_ \larshall Ri Danville
Louisiana WS ‘J \\xlkmson. jr. Room 3413, Jefferson Hatel  Shreveport
Mississippi WS5DLA J C. Wallis 2406 I\ellv St. Gulfport
Tennessce W4QT W ard Buhnnan 1000 Overlook Ave. Chattanooga

_ GREAT LAKES l)nISIOI\
Kentucks W4KWO Dr. Asa W, Adk Box 210, Woodland Park Hazard

Michigan WHAQA Robert B. (,oo 132 Guild bt,., N.E, Grand Rapids
Ohio Wwawz Dr. Harold E. btncker 247 W. 5th St. Marysville

e HUDSON DIVISION
Eastcm New York W2EQD Fred Skinner nnn W olfn 1. anc Pelham 65
& Long Island W20BU George V, Cooke 8—31 239th S Bellerose 6, L. 1.
Nort.hern New Jersey W2ANW Thomas J. Lydon l‘)() Morumcr Ruthertord
- MID\VEQT D[VIQIOI\

Iowa wgrp William G. Dav: srd St. Mitcheuville
Kansas W@ICV Earl N. Johnstou 0)4 Roosevelt Top:

Missouri W@ICD Hen H. Wendt RFD & Nor!.h !\ansas City

Nebraska W@OED Scott E. Davison 433 North Nye Ave, Fremont

b NEW ENGLAND DIVISION

Connecticut WIVB Walter L. Glover Glover Ave. Newtown

aine wivv Manley \W. Haskell 1S Hemlock St. Portlan

Eastern Massachusetts WIALP Frank L. Baker, jr. 91 Atlantic St. North ancy il
Western Massachusetts 1AZW Prentiss M, Bailey 62 Dexter St. Pitts.

-New Hampshire* WICRW Clifton R. Wilkinson balem Dgpo!,
Rhode Island WICJH Roy B. Fuller 17 Ledge Road East Greenwich
Vermont WINLO Burtis W. Dean P. O. Box 81 Burlington

\ORTHWESTERN DIVISIOI\

Alaska KL7IG Charles M, an 123 Douglas
Idaho W7IWU Alan K. Ro 2108 Irene =t.. Boise
Montana WI7EGN Fred B I‘intmzcr .5 ’R Cent \Vhitefish
Oregon WiMQ . J. E. Roden 9 N.W. Nm!.h Pendleton
\Washington W7ACE Clifford (.avanaugh Rouv.e 1 Auburn

PACIFIC DIVISION

Hawali KHOHJ Ur. Robert Katsuki 1517 \Vxlhulmma Rise Honolulu 17
Nevada W7CX . Arthur Sowie Box 20 Reno
Santa Clara Valley W6BPT Rov E. Pinkham 1061 l'rrmont St. Santa Clara

sast Bay WOTI Horace R Greer 414 Tairmount Ave, Oakland 11

San Francisco VON Samuel C. Van Liew 215 Knowles Ave, Daly City
Sacramento Valley WoZk Ronald (.v Martin 2648 13th St, Sacramento 14
San Joaquin Valley W6OFKL Ted R. Souza 3515 Home Ave. Fresno ¢

ROANOI\E DIVISION
North Carolina W 4(_\‘ W.J. Wortma c/0 Duke Power Co. Charlotte 1

South Carolina WHAZ Wade H, Holland P. O. Box 116 Greenville
Virginia 4k F(‘ Victor C. Clark Box 73 Annandale
West Virginia W8JjM Donald B. Morris 3().5 Home St. Fairmont

_ ROCKY MOUNTAIN DIVN[ON

Colorado Wa10z M. W. Mitchell 9 Uinta St. Denver 7
Utah wisp Leonard F. Zimmerman House4 Saltair
Wyoming WIKFV Marion R. Neary Box 215 Laramie

QOUTHEASTERN DIVISION.

Alabama WA4VE Ieland W. S 615 Senthmont Drive Montgomery
Eastern FFlorida \WIFWZ lohn Ww. Holllster 3809 Springtield Blvd. Jacksonville
W«-stern Florida W4ACB Douglas, jr. P.O. Box 3 Tallahassee
CGeorg V4D XTI Clay Grithn 1557 Athrns Ave., S.W, Atlanta
West. Ind1e| (Cuba-P.R.-V.1) KP4RED Everett Mayer P. O. Box 1001 San Juan S, P. R.
Canal Zone xZ5AW Everett R, Kimmel Box 264 Gamboa, C. Z.

SOUTHWESTERN DIVISION

1.os Angeles WoOVIM Vlrge A. Gentry, jr.r 2156 W. 10¢4h St. Los Angeles 47
Arizona" WI7MLL Gladden C. Elliott W North Melwood Tucson
San Diego W6BWO Dale S, Bose 28351 E. California St. Santa Ana

. WEST GULF DIVISIO\
Northern Texas WS5CDU Joe . Buch 5234 Vickery Boule\’ard Dallas

Oklahoma \W3AHT/AST Frank E. Fisher 101 Fawt, Il tawhuska
Sonthern ‘l'exas WSBDI Ammon O. Young 4803 Eli Houston 7
New Mexico W35SMA Lawrence R. \Walsh 2100A 3St.h Street l.os Alamos

\AARITIME DIVISION -
Maritime (N\Ntid. & Labr. att.) VEIDQ A, M., Crowell 6Y Dublin St. Halifax, N. S.
UNTARIO DIVISION -
Ontario VE3ICP Thomas Hunter, jr. 1920 Ellrose Ave. Windsor, Ont.
= QUEBEC DIVISION -
Quebec VE2GL Gordon A. Lynn R. No. 1 Ste, Genevieve de
Pierrefonds P. Q.
VANALTA DIVISION
Alber VEGMT Svdney T. Jones P. O. Box 373 Edmonton, Alta.
Briush Columbia VE7FB Ernest Savage 4553 West. 12th Ave. Vancouver
Yukon VESAK W. R. Williamson P. 0. Box §34 Whitehorse, Y. T.
PRAIRIE DIVISION
Manitoba VE4AM W. Morle; 26 Lennox Av Vital
tfaskatchewan VESDW J (:Oodndge c/o Lanadxan Pamf' ic AirLines Reg{na

—
* ()fficials appointed to act temporarily in the absence of a regular otficial.




Amazing new all-purpose
portable receiver
Extra sensitivity for weak signal areas . . .
extra performance for good Ham operation.
One r-f, two i-f stages. Separate 3-gang
bandspread tuning. Two built-in antennas—
62-in. collapsible whip for short-wave plus
loop for broadcast. 540 kc to 31 Mc in 4
bands. 8 tubes, plus rectifier. Space for
’phones. AC, DC, or battery pack.

NEW LONG-WAVE VERSION S-72L

Covers airways, ranges, control towers, marine
beacons. 175-420 k¢, 540 kc to 12.5

Mc. All other features of the S-72. $99095

" The Radio Mans Kadis”

4401 W. Fifth Avenue, Chicago 24, lllinois




rus KMERICAN
RADIO RELAY
LEAGUE, INC.,

is a noncommercial association ‘of radio amateurs; bonded for
the promotion of interest in amateur radio..communication. and
experimentation, for the relaying of messages by radio, for the
advancement of the radio ort and of the public welfare, for the
representation of the radio amateur in legisiative matters, and for
the maintenance of fraternalism and o high standard of conduct.

It is an incorporated association without capital stock, chartered
under the laws of Connecticut. Its affairs are governed by a Board
of Directors, elected every two years by the general membetship.
The officers are elected or appainted by the Directors. The Léague
is noncommercial and no one commercially engaged in the manu:

facture, sale or rental of radio apparoms is ehglble to membership

on its board.
"Of, by and for the amateur," it numbers within its ranks practi-

cally every worth-while amateur in the nation and has a history of

glorious achievement as the standard-bearer'in amateur affairs.

Inquiries regarding membership dre solicited. A bona fide
interest in amateur radio is the only essential qualification; owner-
ship of q transmitting station and.knowledge of the code are not
prerequisite, although full voting membership is granted only to
licensed amateurs.

All general correspondence should be oddressed to the Secretary "

ot the administrative headquarters at West Hartford, Connecticut,

Past Presidents
HIRAM PERCY MAXIM, WTAW, 1914-1936
EUGENE C. WOODRUFF, WBCMP, 1936-1940

[ ] [ 2 L L *

Officers '

President. . . . . . .. ... GEORGE W. BAILEY, W2KH -

New York, N, Y.

Vice-President. . . . . . . . J. UNCOIN MCCARGAR, W&EY
Oakland, California

Secrefary . . . . .+ .+ AL BUDILONG, WI1BUD
West Hartford Connecticut

Communications Manager . . . ... FRANCIS E. HANDY, ‘W1BDI

West Hartford, Connecticut

Treasurer. . . . . .+ . JDAVID H. HOUGHTON o

Wes' Horﬁord Connechcu'
o o o o o

General Counsel, . . .. . . . ."v . . . ... PAUL M. SEGAL
816 Connecticut Ave., Washmgtm 6 b. C.

Assistant Secretories . . . . . . JOHN HUNTOON, WILYQ
RICHARD L. BALDWIN WIIKE
West Hortford, Connecucut

DIRECTORS

Prosident
(xLOR(JE W. BAILEY . ... c.00000000s W2KH
East 79th St New York 2i, N.'¥.
Vice-President
J. LINCOLN McCARGAR............. WABEY
66 Hamliton Place, Oakland 12, Calit.
Canadian General Manager
MLEX REID. ... o, vizBLE
240 Logan Ave., St. Lambert, P. Q.
Alternate; Wlllln.m W. Butehart. ... ... VE6I.Q
10740 107 8t., Ldmonton, Alta.

Alternate: Henrv w. Wickenhlser. Jr WSKWA
1112 State Ave., Coraopolis, Pa.
Contral Division .

JOHN G. LE.... .oy, GPI
4331 N. Wlldwood Ave., Milwaukee 11, Wls
Alternate: Wesley 1. Marriner. ......... WIAND
824 College Ave., Dixon, 11
Dakota Division
GOODWIN L. DOSLAND............ WHTSN
Moorhead, Minn,

Auematc Robert A. Kimber............ WHBLK

C'anyon Lake Rd., Rapid City, 8, D.

Delta Division

VICTOR CANI‘II"I D................. W5BSR
P. O. Box 965. Lake Charles, La
Alternate: George 8. Acton ............ W5H5BMM

Plain Den.ljng. La.

Great Lakes Division
JOHN H.BRABB.................... ‘VBSPF

Alternate; Harold E. S ............. RWZ
247 W. 5th 8t., Ma.rysvllle. Ohfo
Hudson Division
JOQFPH M. JOHNSTON............. W280X
423 Monmouth Ave., Bradley Beach, N. J.
Alternate: Gay . Milius, jr... ........... W2NJT

170 Broadway, New York'7, N.'Y.

Midwest Division
LEONARD COLLETT............... WODEA
Civil Aeronnut ics Administration
Box 778, Joolln Mo.
Alternate: Alvin G. Keyes. .. ........... WAKTQ
1201 Merchants Nat'l Bank Bldg., Cedar Rapldy, Ia.

New England Division

PERCY C. NOBI .................. WIBVR
37 Broad Bt Westfleld, Mass,
Alternate: Clayton . Gordon. .......... WI1HRC

70 Columbia Ave., Provldence 5 R. I
Northwestern Division

R. REX ROBERTS...... e e W7CPY
110 W. Brennan St., Glendlive, Mont.
Alternate: Allan ). Gunston.............. VIGP

v
1033 Salem Ave., Apt. 4, Dayton 6, Ohio
Pacific Division
KENNETH E. HUGHOES.............. WECIs
%10 W. Orange Ave., So 8an Francisco, Culif.
lllernzlz%e ¢, Porter livans. .............., WeBIF

Roanoke Division
JPRANEKEY......iooiniiiiiiinnnnn.. W4ZA
Box 707, Buena Vista, Va.

Alternate:

Rocky Mountain Division

FRANKLIN K. MATEJKA
P. O. Box 212, Iistes Park, Colo.

Alternate: lWéllin.m R.White............ \W)PDA

Southeastern Division

LAMAR HILL. . ...... . ............ W4ROI.
104 Myrtle, Cochran, Ga.
Alternate: William P.Sides. .. .......... W4AUP

Fleming Road, Montgomery, Ala,
Southwestern Division

JOHN R. GRIGGS. .......0ivenn. ... WBKW
3212 Grape 8t., San Diezo 2, Calif.
Alternate: John E. Blckel. . ............., WANY
14820 E. Whittler Blvd., Whittler, Calif.
West Gulf Division
WAYLAND M. GROVES............. W5NW

Box 586, Odessa, Texas
(W5NW at Humble P(pe Llna Camp, Odessa)
Alternate: David H. Calk,.............. WS5BHO

. Cal
7730 Joplin St., Housl:on 17, Texas
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“It Seems 10 Us..”

A.R.R.L. COMMENTS ON
AMENDED F.C.C. PROPOSALS

On November 16, 1949, FCC issued a
revised set of proposals in its Docket
9295 for amendment of the amateur
rules, and requested comment by in-
terested parties. To a considerable ex-
tent these proposals embodied the views
set forth in the League’s presentation
at the informal conference held in
Washington last October, reported in
substance in December QST beginning
on page 27. However, as set forth on
this page last month, the Commission
in its November proposals returned to
some of its original thinking, particu-
larly in connection with Section 12.0,
and the Amateur Extra Class license.
After careful consideration, the League’s
Board of Directors felt that in these
and several minor respects it could not
agree, and it directed the lLeague’s
Secretary and its (eneral Counsel to
file comment in opposition. The .com-
plete text of our filing, representing the
latest development in this long-drawn-
out proceeding, is printed herewith for
the information of the membership and
radio amateurs generally.

Simultaneously with ARRL’s filing,
comments were submitted by both
NARC and SARA; their comments are
summarized in the “Happenings”’ sec-
tion of this issue.

FEDERAL COMMUNICATIONS
COMMISSION
In the matter of }

Amendments to Part 12 of the
Rules and Regulations

Docket 9295

COMMENTS OF THE AMERICAN RADpIO RELAY
I.EAGUE oN THE FURTHER NoTicE HEREIN

American Radio Relay League, Inc., makes
these comments on the further notice of rule
making of November 16, 1949, herein:

A. Adherence to Request for Oral Argument.

Heretofore the American Radio Relay League
has requested oral argument, particularly with
regard to §12.0 of the proposed amendments.
The notice of November 16th announces an
intention to hear such oral argument should the
League still desire it. The League does so desire.

B. Comments with Respect to Proposed § 12.0.

1. Proposed § 12.0 is not in fact a statement of the
basis and purpose of the amendments

a. Section 4(b) of the Administrative Pro-
cedure Act is the section upon which the staff of
the Commission has based its contention that
language such as that contained in proposed
§12.0 of the Rules and Regulations is required.

b. The Attorney General’s Manual on the
Administrative Procedure Act at Page 32 has the
following to say with regard to the relevant lan-
guage of Section 4(b):

““Section 4(b) provides that upon the cumpletion
of public rule making proceedings ‘after considera-
tion of all relevant matter presented, the agency
shall incorporate in any rules adopted a concise gen~
eral statement of their basis and purpose’. The
required statement will be important in that the
courts and the public may be expected to use such
statements in the interpretation of the agency's
rules. The statement is to be ‘concise’ and ‘gen-
eral’. Except as required by statutes providing for
‘formal’ rule making procedure, findings of fact
and conclusions of law are not necessary. Nor is
there required an elaborate analysis of the rules or
of the considerations upon which the rules were
issued. Rather, the statement is intended to advise
the public of the general basis and purpose of the
rules.’’

¢. The Rules and Regulations governing the
amateur service antedate the Administrative
Procedure Act. They were first adopted by the
Federal Radio Commission and were re-adopted
as modified and have been amended from time to
time over a period of years. The last official re-
vision was published in the Federal Register
(11 F.R. 4241), effective April 1, 1946. The last
official printing of the Rules by the Government,
Printing Office comprised a revision to November
18, 1948, and was printed in 1949.

d. The present rule-making procedure proposes
certain changes in these Rules and Regulations
which are not extensive in scope and which do
not alter the basic philosophy of regulation.



e. Any requirement of § 4(b) of the Adminis-
trative Procedure Act for a statement of basis
and purpose would apply only to the hasis and
purpose of the particular amendments now pro-
poused. It would have no connection whatsoever
with the broad and extensive proposed §12.0,
the character of which is to reeapitulate the
entire amateur service from its very inception
and to postulate a direction of the development
of the amateur service.

f. There is no occasion at this juncture for any
re-¢valuation of the amateur service, and such is
not germane to the present proceeding,

2. The statement of basis and purpose is not correct.

a. In an effort to obviate further controversy
concerning proposed §12.0, representatives of
the American Radio Relay League, at a con-
ference held October 10 and 11, 1949, with the
Commission staff, suggested a compromise
plirasing of a possible §12.0 and committed
themselves to the extent that they would not
oppose the adoption of the language suggested
hy them.

b. However, the language now proposed differs
from the compromise suggestion and, through the
insertion of a specified philosophy of regulation,
reverts to the original proposal of the Commis-
sion as made April 20, 1949, and published April
21st.

c. The League has heretofore and on July 19,
1949, filed its written statement of comment on
that original philosophy; it persists in that state-
ment and desires the opportunity to present its
views orally.

C. Comments with Respect to Provisions for an
Amateur Extra Class License and Elimination
of the Class A License.

1. In §§12.20 (and footnote), 12.21, 12.23,
12.29 and 12.43 of the proposed amendments, the
effect.of certain provisions would (1) stop further
issuance of the present Class A amateur license
after December 31, 1951 and (2) create a new
class of license, to become available after Janu-
ary 1, 1951, to be known as the Amateur Extra
(Class license. Thus, after December 31, 1951,
the Amateur Extra Class license would be the
only one available to new applicants for ad-
vanced amateur privileges.

2. The League, at the conference with the
Clommission staff on October 10 and 11, 1949,
rejected certain proposals then made by the
Commission for such a new class of license, and
gave its reasons therefor, as well as its reasons for
believing that the present Class A license should
be continued unchanged. Our conclusions in this
respect were concurred in by every other par-
ticipant in the meeting. Nevertheless, the Com-
mission in its modified amendments still pro-
poses to stop issuance of the Class A license and
to substitute therefor a new class. While some
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changes have been made from the previous pro-
posals, no change has been made in the major
aspects which the League previously found ob-
jectionable. The League, therefore, finds itself
siill obliged to object to the amendments as they
accomplish the Commission’s aims in these re-
spects. We reiterate our feeling that creation of
the Amatcur Extra Class license is unnecessary
und undesirable, and renew our request that the
(lass A license be continued in the amateur rules
under the same conditions and carrying the same
privileges as at present, without change.

3. The only privilege now enjoyed by holders
of the advanced class (Class A) license is permis-
sion to operate in the 3.5- and 14-mc. radiotele-
phone sub-bands. In its proposals, the Commis-
sion indicates an intention of making additional
privileges available to holders of the new Amateur
Extra Class license and it outlines the general
scope of the examination for such license. How-
ever, no specific additional privileges are de-
scribed. The League feels it is illogical to create a
license and outline its examination elements
before the privileges to be enjoyed under it are
known.

4. The present Class A examination is de-
signed to ensure an applicant’s familiarity with
radiotelephone techniques, a proper objective
in view of the operating privileges available to
those who possess the license. In general, the
elements of the Class A examination appear to
be satisfactory for their purpose, but in any
event could be revised at any time the state of
the art required. The League does not feel, how-
ever, that a higher code speed requirement than
is normally required for amateur operation, or
familiarity with radio control of remote objects,
transmissions of energy for measurements and
observations applied to propagation, etc., are
pertinent to qualification for the only advanced
privileges available to amateurs under the rules.

5. In the absence of any nced for an Amateur
Extra Class license on the terms indicated by the
Commission, and considering that the present
Class A license and examination appear satis-
factory for the purpose, the League is obliged
still to express opposition to the proposals for an
Amateur lixtra Class license and repeat the re-
quest that the provisions in the rules for issuance
of a Class A license, and the privileges enjoyed
by holders thereof, be continued without change.

6. No objection is seen to the change of name
of this class to Advanced Class.

D. Comments with Respect to Proposed Amend-
ment to § 12.44(b).

1. In §12.44(b) it is proposed by the Com-
mission that the holder of a Technician or Novice

_ Class license, obtained on the basis of a mail

examination, be exempted from the usual re-
quirement of taking an examination again before
(Continued on page 108)
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A Beginner's Four-Tube Superhet Receiver
Multiband Operation Without Coil Changing

BY DONALD H. MIX,* WITS

the newcomer to amateur radio — espe-

cially the youngster who may be as short
on cash as he is on experience — is faced with a
choice not too easy to make. For many years the
building of his own receiver served as almost
every ham’s teething ring. While it was a matter
of necessity at one time, even in later years it was
recommended as an invaluable aid in acquiring
experience in the construction and wiring of
equipment and in getting first-hand acquaintance
with simple circuits and their adjustment. When
the job was finished, it could immediately be put
to practical use as the station receiver.

But a receiver considered satisfactory at that
time was comparatively easy and inexpensive
to construct and any youngster was thrilled if he
heard anything resembling a signal when he
finally hooked on the antenna. Today’s would-be
hams have grown up taking for granted the sort
of signals that blare from the b.c. set loudspeaker.
In fact, a lot of them have become interested in
the ham game through the SWL route alone. It is
natural that many may be disappointed at the
way the old simple two-tube regenerative receiver
falls short of meeting present minimum require-
ments for a satisfactory station receiver.

* Assistant Technical Editor, QST.

W‘HEN it comes to the receiver these days,

A four-tube superhet
receiver covering the 3.5-
and 7-Mec. bands as well
as spots in the commer- §
cial point-to-point and
short-wave  broadcast
bands with a single pair
of coils.

March 1950

On the other hand, when anything more am-
bitious is contemplated, we are faced with the
fact that the cost for parts may approach the
price for which one of the cheaper manufactured”
communications receivers may be purchased. It
is not surprising, therefore, that the decision so
often is in favor of the dealer’s counter. Thus we
have a host of hams growing up who may know
their transmitters from A to Z and yet who are
afraid to do more than change a tube in the re-
ceiver, not appreciating the fact that they are
missing half of the fun in the game. Even though
the cost and time required for building a satis-
factory beginner’s receiver are greater these days,
there is still much to be said in favor of it.

Unfortunately the word superheterodyne in it-
self often is enough to dissipate any initial en-
thusiasm the average beginner may work up to-
ward building his own. If that doesn’t do it, a
glance at the wiring diagram will! However, taken
section by section, a superhet breaks down into a
collection of simple circuits, each one of which
is much more readily tamed for proper perform-
ance than the old unpredictable regenerative re-
ceiver. Building and adjusting a simple superhet
can be a most interesting as well as instructive
project, once the initial unfounded fear of tack-
ling the job has been dispelled.
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"Circuit diagram of the beginner’s four-tube
superhet receiver.
Ci, C2 — 335-pufd. variable (National STH-335)
Ca— Sﬂ-pufd varlah]c (National ST-50
(4 —~150-pufd. mica trimmer (Johnson 1()72A)
As, Cs, Co — 0.1-4fd. 150-volt paper.
Ca, Cra — 0.001-pfd. disk ceramic (Sprague).
Cz, Cni, Ci9 — 0.1-pfd. 600-volt tubular.
(:m — 0.01-pfd. disk ceramic (Sprague).
Ci2, C18 — 100-ppfd. mica.
Cisy Cr7 — 0.01-ufd. paper.
Cie, C1a — 10-pfd. °5-volt electrolytic.
Ri— 12,000 ohms, 14 watt.
Rz — 47 ohms, 4 watt
R3z — 22,000 ohms, !4 watt.
Rq —~ 220 ohms, L3 watt.
Rs — 5000-0hm volume control.
Res — 82,000 ohms, 1 watt.
R7, R0, Ri3 — 47,000 ohms, 1 watt.
Rs — 47,000 ohms, 13 watt.
Ra — 0.33 megohm, % watt
Ris, R1s— 0.22 megohm, ! watt.
Riz, R1s — 1500 ohms, 1 watt,
1.1 — 24 turns No. 20 wire, 1-inch diameter, 114 inches
long (B & W 3015 Mlmductor)
L2 — 614 turns No. 22 d.s.c. wire, 1-inch diameter, turns
) close-wound (see text).
I.a— 1414 turns No. 22 d.s.c. wire, l-inch diameter,
close-wound (see text).
—- 1614 turns No. 22 d.s.c. wire, l-inch diameter,
close-wonnd (sce text).
Ls— 31 turns No. 22 d.s.c. wire, l-inch diameter,
«:lose-wound (see text).
La—20-h. 15-ma. filter choke (Stancor C-1515).
J1 — Open-circuit ’phone jack.
S1 — Double-pole triple-throw rotary switch (Mallory
3123J).
Ty, T2 — Interstage i.f. transformer (Millen 64161).
Tz — B.f.0. unit (Millen 65163).

The Circuit

The circuit of Fig. 1 shows the diagram of a
four-tube superhet. It is particularly well adapted
to the beginner. While it is not as pretentious as
any of the manufactured jobs, it contains all of
the fundamental elements necessary to demon-
strate superhet action clearly. Furthermore, the
finished receiver is suitable for station use and on
all counts will run rings around any regenerative
receiver ever built. Two of the tubes each serve
double functions for which separate tubes are
commonly employed, so that the receiver is really
a six-tuber. By taking advantage of certain char-
acteristics of superhet action not normally used,
it is possible with one pair of coils to cover both
the 80- and 40-meter ham bands as well as ranges
where commercial point-to-point ¢.w. and short~
wave broadcast signals may be found. Headphone
strength on average signals commonly exceeds
that of any of the manufactured jobs.

The first section of the circuit, from Lg to Ty ~~
the converter — is the important part. Lg is the
antenna coupling coil, while Ce and Ls comprise
the input circuit which is tuned to the frequency
of the incoming signal. This signal is fed to the
control grid (Pin 8) of the 6SB7Y. L4, Ls, C's and
"4 make up the essentials of a high-frequency os-
eillator circuit. The screen of the 65B7Y serves as
the plate of the oscillator section of the tube. Ly
provides the nccessary feed-back for oscillation.
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With the oscillator circuit tuned to some se-
lected frequency, the superhet can be made to
respond to any antenna signal whose frequency
differs from the oscillator frequency by the fre-
quency to which the intermediate amplifier (7'
and T2) is tuned. This means that there are two
frequencies to which the receiver will respond for
each setting of the oscillator frequency — the
oscillator frequency plus the intermediate fre-
quency and the oscillator frequency minus the i.f.
Thus, if the oscillator is tuned to 5000 kc.,
and the i.f. amplifier is set at 1500 kc., the system
will respond to signals at 5000 plus 1500 == 6500
ke. and at 5000 minus 1500 = 3500 ke. Either
of these two signals may be selected by tuning
the input circuit L3Cs. If the input circuit is
tuned to 3500 kc., the signal at 6500 ke. is called
the i.f. image; if the input circuit is tuned to re-
ceive the 6500-ke. signal, the 3500-ke. signal is
the image. The degree to which the input circuit
can discriminate against the unwanted signal (the
image) is called the image rejection.

From the above, it is seen that with a single
range of oscillator frequencies, the receiver can
be made to respond to two signal-frequency
ranges. All that is necessary is to have an input
circuit capable of being tuned across both ranges.
If a proper intermediate frequency is chosen, a
rather unique possibility is presented. Suppose
we tune the i.f. amplifier to 1500 ke. Then we
adjust the oscillator circuit C3C4Ls Lo cover the
range of 5000 to 5800 ke. Now, when we subtract
the 1500-ke. i.f., we find that the signal range is
3500 to 4300 ke. and when we add the i.f., the
signal range becomes 6500 to 7300 ke. Thus, with

¢

Rear top view of the
beginner’s superhet re-
ceiver showing the
placement of parts on
top of the chassis.

the oscillator tuning over the single range of 5000
to 5800 ke., we can receive in either the 80-meter
band or the 40-meter band at will, simply shifting
the tuning of the input circuit by adjusting Cs to
cover either range. It will further be observed
that the width of each of the above ranges is 800
ke., and that 7300 kec. appears at one end of the
tuning dial and 3500 ke. comes at the other end.
Therefore we have a tuning system which, by
proper shifting of Cq, will cover the 7-Me. band
for the first 300 ke. and the 3.5-Mec. band for the
last 500 ke. ~— all on the same dial range!

This arrangement not only provides an inter-
esting point, but it has a practical function as
well. The single tuned input circuit cannot be
expected to provide too much selectivity. Even
the high intermediate frequency, which increases
the frequency gap between the desired signal and
its image, does not result in sufficient separation
to take care of a strong image from a local ham
station. With the tuning range selected, it will be
noted that the images of each of the two ham
bands fall outside the other. Therefore a strong
local ham signal in one band will not cause inter-
ference in the other. Except for those hams living
close to commercial stations operating on certain
frequencies, images from the latter will not be so
severe because of the distance involved. When
they do occur in objectionable strength, the wave-
trap, L1Cy, provided in the antenna circuit, will
do a good job of wiping them out when the trap
is tuned to the frequency of the offending station.

In this receiver advantage also may be taken
of another characteristic that is usually treated
a8 a defect in more advanced superhet design.
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The second harmonic of the oscillator may be
used to provide still another pair of ranges. With
the fundamental oscillator range at 5000 to 5300
ke., the second-harmonic range will be twice this,
or 10,000 to 11,600 kc. When we add and subtract
the i.f. of 1500 ke., we get the signal ranges of
11,500 to 13,100 ke. and 8500 to 10,100 ke. re-
spectively. These, together with the nonamateur
portions of the two fundamental ranges give the
beginner a fair sampling of the high-frequency
spectrum with a single set of coils. The fact that
‘WWV’s 10-Mec. signal appears at one end of one
range is useful in adjusting the oscillator accu-
rately to the proper tuning range.

The remainder of the circuit of Fig. 1 is quite
simple. Following the converter is a single stage
of i.f. tuned to 1500 ke. This feeds into the diode-
detector section of a 6SQ7. The triode section of
this tube is used for the beat-frequency oscillator
required -in c.w. reception. The output of the
diode is fed into a two-stage resistance-coupled
audio amplifier in which a single 6SN7 dual triode
is used. The headphones are choke-capacitance
coupled to the output to isolate the 'phones from
the d.c. plate supply.

The volume control, R, adjusts the gain in the
i.f. amplifier. The switch, Sy, cuts the B supply to
the b.f.o0. when it is set for ’phone reception, cuts
the B supply from the i.f. amplifier in the central
stand-by position while transmitting, and turns
the b.f.0. on in the ¢.w. position.

Construction

If you decide to build this receiver, don’t try
to complete the job on a Saturday afternoon.
Take your time and do a careful job. By this we
don’t mean that the mechanical workmanship
must be perfect. Simply make sure that the parts
are securely mounted and that the wiring doesn’t
end up in a rat’s nest. It will pay you in results.

The unit is assembled on a standard chassis
7 by 13 by 2 inches. Aluminum is much easier to
work with than steel — particularly with simple
tools —and the cost is about the same. The
panel is cut from a sheet of }{g-inch aluminum 714
inches high and 14 inches long. If it is desired to
put the receiver in a cabinet, the panel furnished
with the cabinet may be substituted.

In laying out the chassis, the first thing to do
is to spot the centers for the components on top
of the chassis. The exact placement is not at all

critical. To provide for'a good-looking arrangement
‘of controls on the panel, the tuning condenser,
("3, should come at the center and the input
tuning condenser, Cq, should be placed at the left-
hand end of the chassis where its shaft will bal-
ance the shaft of the volume control on the right.
Cywill have to be elevated about 14 inch on metal
spacers so that the National SCN dial mechanism
can clear the chassis. The socket for the input
coil (LgLs) should be near Cs and the socket for
the oscillator coil (LsLs) should be fairly close to
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Cs. The 6SB7Y socket should be about midway
between the two variable condensers. The i.f,
transformers and the i.f. and detector-b.f.o0. tubes
are lined up along the back, with the adjusting
screws of the transformers toward the rear. The
6SN7 is placed in front of the b.f.0. can (T'3) in
line with the oscillator coil socket and the
6SB7Y.

Socket holes are best cut with a socket punch,
although the aluminum is not difficult to cut with
a circle cutter in a carpenter’s brace, or by drilling
and chipping out with a hand drill and cold chisel.
A 14-inch punch is required for the Amphenol
MIP bakelite octal sockets for the 63SG7, 6SQ7
and 6SN7, while a 1}4-inch punch is needed for
the Millen ceramic sockets for the 6SB7Y and
the two coil forms. The i14-inch punch is used
also for the power plug at the rear. A similar hole
should be punched in the middle of the front edge
of the chassis with its center 74 inch above the
bottom edge. You will also need a hole for adjust-
ing the trimmer C's located near the 6SB7Y, and
clearance holes for connections to the stator ter-
minals of Ce, C3, and the volume control, as well
as a hole under the center of each of the i.f. cans
for the transformer leads. A cut-out is required
in the rear edge near the left-hand end for the
antenna terminal strip, and shaft holes must be
cut in the front edge for the switch and headphone
jack. The Jatter two should be placed at either
end to balance.

(1 is mounted under the chassis, insulated by
fastening it to the center of a piece of }4-inch
polystyrene sheet 3 inches long and 134 inches
high. The insulating strip is then fastened with
6-32 screws against the inside front edge of the
chassis so that the shaft of C, will be central in
the large punched hole. C, is mounted with its
ceramic stator bars running vertically to provide
access to the mounting screws for C3. The choke,
Lg, is fastened under the chassis, next to Cy.

Before the switch, the jack and C'y are mounted,
the panel should be placed against the front edge
of the chassis with the bottom edges even and
the panel centered. Then the mounting holes
should be transferred to the panel by marking
with a scriber from the rear. The centers for the
shaft holes for Cs, C3 and the volume control
should then be measured out and marked. A 114-
inch hole is needed for the mechanism of the main
tuning dial.

Wiring

Time will be saved if a soldering lug is placed
under each of the socket-mounting nuts when the
sockets are fastened in place. They will be needed
for ground connections to the chassis. Fiber lug
strips fastened to the chassis by the mounting
screws of the i.f. cans will provide convenient in-
sulated anchorages for condenser and resistor
terminals that should not be grounded. As the
bottom view shows, a scparately-mounted lug
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strip is used for mounting the i.f. filter in the
diode detector. This filter is made up of Ci2, Cis,
and Rg and is placed immediately in front of the
65Q7 socket.

The filament wiring should be done first, keep-
ing the wiring down close against the chassis.
The two wires of the circuit should run parallel
and close together wherever possible. They may
be bound together with bits of Scotch tape to
keep them from spreading. Next, resistors and
by-pass condensers which connect directly to
tube-socket terminals should be placed, and the
insulating lug strips installed wherever the free
ends of the resistors and condensers must be kept
away from contact with the chassis. Then the
wiring for the plus-B circuit should be laid in,
keeping the.wiring bunched and close to the
chassis. The leads furnished with the i.f. trans-
formers should be long enough to reach the proper
tube-socket terminals or a ground lug as re-
quired, but the red leads to the plus-B line should
be anchored at an insulating lug-strip terminal
and the wiring extended from there.

Very little r.f. wiring is required. This is the
wiring between the stator terminals of Ca and C3
and the coils and tube terminals. No. 14 tinned

nrras nt asoanh nt the ftwn ham

antenna wire should be used and the wiring
should be kept well spaced from the chassis and

.other components wherever possible. A small cone

insulator threaded onto the rear mounting screw
of the 6SB7Y socket will serve as an anchorage
for the wire running from L3 to Terminal 8
of the 6SB7Y. A lead from the front stator
terminal of C3 (a lug will have to be added at this
terminal) passes down through a clearance hole
in the chassis to R2 which is soldered to Terminal
5 on the 6SB7Y .socket. One terminal of Cy is
connected to this wire; the other terminal of Cy
is grounded. The Johnson trimmer can be sup-
ported by its connecting leads. A wire from the
rear stator terminal of Cg runs to the right and
then through a hole in the chassis close to the rear
of the oscillator coil socket where it is connected
to Pin 4. The long wire connecting Terminal 6 of
the 6SB7Y socket to Pin 1 of the coil socket is
insulated with a sleeve of spaghetti and run under
C} (in the bottom view). L; is cut from a section
of Barker and Williamson ‘‘Miniductor” and
this coil is mounted directly across the rear termi-
nals of C; on short lengths of No. 14 wire. Check
the wiring as you proceed and go over it again
after the job is completed to make sure that there

Bottom view of the simple superhet receiver. Components in the circuit diagram are identified by the arrows.
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are no mistakes or accidental short circuits to the
chassis or other parts.
Coil Winding

In winding the coils, be sure that No. 22 d.s.c.
wire is used and that the turns are tight and
wound snugly together. The proper frequency
range depends on this. Both oscillator and input
coils are wound on National or Millen plastic
forms 1 inch in diameter. The form for the input
coil has 4 pins, while the oscillator form has 5 pins
for identification. In winding Ls and L3, measure
up on the form !4 inch directly above Pin 4. At
this point drill & small hole to pass the No. 22
wire. Next, measure up 7{¢ inch directly above
Pin 1 and drill another hole. Starting with the
wire at the hole above Pin 4, wind 614 turnsin a
clockwise direction with the pins facing you. This
should bring you out at the second hole. Now
drill a hole 4 inch ubove Pin 2 and another 74
inch above Pin 3. Starting with a new piece of
wire at the Jower of these two holes, wind 14%4
turns in a clockwise direction as the pins face you.
This should bring you out at the top hole. The
windings may be cemented in place with Duco

cement or coil dope.
-
2 3
La, Input
0
Ls. E 02 ° 40
EI Y 2

4

(No connection
Input Osc.

Fig. 2 - Sketch showing pin connections in coil
forms. Figures at right are bottom views of the coil-
form bases.

Special care should be used in winding the oscil-
lator coil. Both windings must be wound in the
same direction. Drill holes !{ inch above Pin 5,
34inch above Pin 1, 7{¢g inch above Pin 2and 13{¢
inch above Pin 4. Starting at the bottom hole,
wind 3% turns in a clockwise direction, with the
pins facing you. This should come out at the
second hole. Then starting at the third hole, wind
1614 turns in the same direction. This should
bring you out at the top hole. The ends of the
wire should be scraped and fed through the
proper pins, as shown in Fig. 2, and soldered. Be
sure that you have followed the pin numbering
shown for the coil sockets in Fig. 1. The recetver
unll not work if connections to coil pins are switched
or if the oscillator coils are wound in opposite di-
rections.
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Adjustment

The receiver is designed to work from any small
receiver power supply delivering 250 volts at 50
ma. .Or more.

The receiver can be adjusted quite readily with
the help of almost any superhet broadcast re-
ceiver. The Millen transformers are pretuned to
1600 kc. so must be readjusted for 1500 ke. First
the b.f.o. is turned on by throwing S; to the c.w.
position. The b.c. receiver, placed close to the
ham receiver, is tuned as accurately as possible to
1500 ke. Then the slug in the b.f.0. can (T3) is
adjusted until the swish of the b.f.o. is heard in
the b.c. speaker. The b.f.o0. is now set at approxi-
mately 1500 ke. Next, wind several turns of
hook-up wire around two or three fingers. Twist
one end of the wire around the turns to hold the
coil in shape and leave a lead of three or four feet
at the other end. Make sure that the ends of the
wire are not bare (if necessary cover them with
Scotch tape) and insert the bunched wire into the
back of the b.c. receiver somewhere near the
tuning-condenser gang. Now put the end of the
free lead into the hole in the side of the sccond
i.f. transformer can (7%). If the can has no hole,
push the end of the wire up into the can from the
bottom. Now tune the b.c. set until a whistle is
heard in the headphones. It may be weak at first,
so0 listen carefully. The whistle should be heard
when the b.c. receiver is tuned to approximately
1045-ke. if the b.c. receiver has the usual 456-kc.
1.f. Starting with the second i.f. transformer, 7',
adjust first the bottom slug screw and then the
top screw for maximum signal in the headphones.
Now transfer the lead wire to the first i.f. trans-
former, T, and adjust similarly for maximum
response. Remove the test lead and turn off the
b.c. receiver. The if. amplifier should now be
tuned up at approximately 1500 ke.

Next, turn off the b.f.o. (switch in 'phone posi-
tion) and set 'y at minimum capacitance and Cs
and (3 at maximum capacitance. Connect the
antenna and adjust Cy with a screwdriver until
the background noise comes up to a maximum.
By this time you should be hearing outside sig-
nals. Now set the main tuning dial at 50 and
adjust C'3 for maximum background noise. Adjust
(4 very carefully until 75-meter ’phones are
heard. Note by listening where the high-frequency
end of the 'phone band stops, and trim Cy slightly
until 4000 ke. falls at about 50 on the dial. Pick
out a reasonably steady ’phone signal and go back
and trim up the i.f. tuning for maximum signal
(or you can use background noise). Now tune in
a 'phone signal as closely as possible on the nose.
Then switch on the b.f.o. and, without addi-
tional touching of the main tuning dial, readjust
the b.f.o. (T'g) to bring the beat note to the de-
sired pitch.

If the oscillator coil has been wound carefully
to dimensions, the receiver should now be tuned

QST for



up to cover the 3500-to-4300-ke. range. In cover-
ing this band, it will be necessary to keep Ca tuned
for maximum signal strength. In practice, signal
strength will remain quite satisfactory if C3 is
reset only two or three times across the band, al-
though a more accurate sctting may be necessary
for maximum selectivity.

To cover the 6500-to-7300-ke. range, all that is
required is to set Cy at maximum capacitance and
readjust Ca lower in capacitance until a second
peak in background noise is heard. Then signals
in and around the 7-Mec. band should be heard.
Similarly, to tune to the 8500-t0-10,000-ke. and
11,500-t0-13,100-ke. ranges, tune C4 still lower in
capacitance to find two more respective points
where the background noise comes up. This must
be done carefully for the latter two bands, since
the maximum response points come quite close
together near the minimum capacitance of the
condenser.

The Wavetrap

In case an image signal from one of the bands
not in use causes interference, it can be wiped out

almost completely by accurately tuning (3 for
maximum response of the desired signal and
tuning the wavetrap to the frequency of the inter-
fering image. If you suspect that the interfering
signal is an image, simply tune C until the inter-
fering signal becomes weaker or disappears alto-
gether. If the desired signal and the interfering
signal disappear together, the interfering signal
ian’t an image! If the desired signal becomes
weaker without affecting the strength of the inter-
fering signal, the wavetrap is tuned to the wrong
frequency and a search should be made for the
proper spot. The only thing to watch out for is
that the trap isn’t left tuned to the portion of the
hand where you want to listen. That is the reason
for the preceding instructions regarding the pre-
liminary setting of €1 ut minimum and maximum
— to keep the trap tuned away from the band
where you’re listening.

If things have progressed as they should, we
don’t think you’ll be complaining about signal
strength when the job is finished. On the con-
trary, you'll be reaching for the gain control to
save your ears on the louder ones!

’\T"\

25 Years Ago }

this month

March, 1925

. Daylight transcontinental communication becomes
a reality as8 1XAM and 6TS work regularly on 20 meters.
6T8 is also partner to another amateur first, an early-
evening transcon QSO with 2MU on 40 meters.

Secretary Warner announces preparations for ARRL
partxclpzmon in the first congress of IARU, to be held in
Paris in April.

Two dozen amateurs have heeded the call to become
ARRL Official Wavelength Stations, thereby expediting the
work of calibrating wavemeters and tuners to the new short-
wave bands. Don C. Wallace and C. M. Jansky, jr. are in
charge of the program,

. « » The signal QRR has been adopted as the League’s
*land 8OS" to facilitate emergency work with railroads.

. Technical Editor Kruse tells how to build and adjust
the new McCaa anti-static devices.

. A low mterelectrode—capaclty vacuum tube for
#horb—wave receivers ig announced by the Magnavox Co.

. A. L. Budlong of the ARRL Experimenters Section
a.ppmises present-day receiver circuitry.

. The ‘‘Deresnadyne’ — a receiver employing r.f.
transformer coupling controls known as ‘‘deresonators’ —
is described by its inventors, E. F. Andrews and E. A, Beane.

. . . With emphasis on accuracy and ruggedness, John M.
Clayton and L. W. Hatry of the Hq. staff have designed and
built what is considered the last word in wavemeters.

. A tunable audio transformer for c.w. reception,
featuring a sliding core, has been developed by R. A. Braden
of the ARRL Expenmenters Section.

. . The Hq. staff is saddened by the untimely passing
of Mmu Margaret M. King, assistant treasurer and chief
accountant.

. The newsstand price of QST has been raised to 25
Lents ~— no increase to members.

. 6DD, Grass Valley, Calif., 9BMX, St. Paul, Minn.,
Britiah 2SZ, London, and Cs,nadian 1EB, Halifax, are
worthy subjects of the month's station descriptions section.
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e Strays %

Need a set of book ends for the shack library?
WOIEU recommends using a pair of QST binders
to do the job. Ben finds the large-area bottoms
and weight of the binders (when filled) make
them ideal for this purpose.

— o ¢ m—

A nine-year-old Milwaukean, Armand Schultz,
victim of leukemia, has received more than 10,000
QSLs and postcards from hams throughout the
world as a result of nightly appeals inaugurated
by Harry Rex, W1QLL, Nantucket, Mass. and
carried on by other amateurs. W1QLL started
the chain of cards coming after reading about
Armand’s serious condition and his desire to
receive mail. The Milwaukee Radio Amateurs
Club has made Armand an associate member,
presenting him with an appropriate certificate at
ceremonies presided over by Vice-President Fred
Zolin, WOONY.

QST is soon to be available on microfilm. Pri-
marily for libraries, University Microfilms will
produce positive microfilm copies of each volume
of QST at a cost comparable with that of binding
the same material in a conventional library bind-
ing, assuming an edition of 30 or more. Sales are
restricted to those subscribing to the paper edi-
tion, and the film copy is distributed only at the
end of the volume year. Interested parties should
write University Microfilms, 313 N. First St.,
Ann Arbor, Michigan.
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Incandescent Light Flicker

A Recommended Solution for Amateurs

BY ROBERT E. SHANK,* WSCKY

~E of the problems encountered by amateurs
using & medium- or high-powered transmit~
ter is that of the house lights flickering as
the transmitter is keyed or modulated. Although
the FCC is little interested in this aspect of radio
operation, others more closely associated with
the operator usually are. After the complaint
that the household b.c. set has clicks, the ama-
teur i8 next requested to stop the lights from
jumping. As an aid in the solution of this prob-
lem, this article presents a time-tested means for
reducing lamp flicker caused by transmitter
operation,

Power Company Service Voltages

The power company furnishes a.c. voltages in
the ranges of 110 to 130 or 220 to 260. The fre-
quency is 60 cycles, with a few scattered 50- and
25-cycle systems. The secondary winding of the
pole transformers is in the range of 220 to 260
volts, with the center tap of the winding grounded
in order to obtain the 110- to-130-volt range. 1f

Pole
Transtormer

H.V. nsv.

Fower -
; sy, =

Line \ 230-1.

3-wire
‘—v\serv/ce .
Fig. I — A power company pole transformer with 2-

and 3-wire customer service drops.

ns-volt
2-wire
service

Qoo aino!

vou have two wires running from your house to
the pole, you are served in the 110- to 130-volt
range. If there are three wires, you have the 220-
to 260-volt service. The company has fixed volt-
ages for delivery to its customers, usually 115
volts and 230 volts. These fixed voltages will vary
slightly in different power gystems. Should you
check your own lighting voltage, you will prob-
ably find it in the range of 112 to 122 volts. This
range of primary voltage is satisfactory for the
operation of all your equipment. Fig. 1 is the
conventional arrangement of a power company
pole transformer with a 2- and a 3-wire service to
customers.

Causes of Light Flicker

If your house lights flicker when the transmit-
ter is operated, the principal reason is that the
transmitter suddenly takes a heavy current from

* ¢/, Ebasco Services, Inc., New York, N. Y.
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the power (a.c.) lines. This in turn causes the
a.c. voltage to drop from its former value when
the transmitter key was open and the final was
not drawing power. This rise in current multi-
plied by the impedance of your house wiring and
the power-system lines from the transmitter to
the power-system substation is the change in line
voltage that occurs at the plate transformer of
the transmitter. This change in power-line volt-
age can be measured by placing a 0-150 a.c.
voltmeter on the line feeding the plate trans-
former and reading the primary voltages when
the transmitter key is open and closed. The
resulting drop in line voltage occurs mostly in
the house wires, the service wires between the
house and pole, and the pole transformer.

Another type of light flicker is caused by r.f.
being induced in the house wires. This flicker can
be cured by placing a condenser across the a.c.
lines where the r.f. is apparent. A 0.1-ufd. con-
denser of 1000 volts d.c. rating is usually suffi-
cient, but care in installation should be taken to
avoid a fire hazard. In extreme cases, r.f. chokes
may also be required in series with each wire of
the a.c. lines.

The change in the a.c. line voltage is directly
proportional to the plate power input to the
transmitter. In other words, if an input of 100
watts to the plates caused a drop of 1 volt in the
lines, then 200 watts input would cause a 2-volt
drop. The change in the line voltage at the trans-
mitter causes a change in the rest of the house
wiring,. This causes the lights on the house wiring
to change in brightness.

The graph, shown in Fig. 2, is a plot of flicker
volts vs. flicker frequency voltage variation, for a
115-volt line. When used for a 230-volt line, the
voltage scale should be doubled. The curves
in the graph show the areas that represent
imperceptible, perceptible, and objectionable
flicker. The borderline areas represent flicker ob-
jectionable to some people, while not to others.
You will note that the frequency of flicker has
cousiderable bearing upon the degree of flicker
volts in the objectionable area.

The frequency of voltage dips attributable to
the operation of an amateur transmitter varies
from 8 to 15 per second. These are the worst
limits from the standpoint of light flicker. As an
example in the use of Fig. 2, assume you operate
a transmitter with 350 watts input to the final
stage. The primary side of the plate transformer
is 115 volts a.c. Placing a 0-150 a.c. voltmeter
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3-wire switch suitable for the

new service. From this switch
a 230-volt circuit can then be
run to the transmitter. The

“w

writer installed a new main
power switch and a 230-volt
circuit at a cost of $9.00. The

six hours of labor was charged
to amateur radio.!

ES

By using 230 volts at the
plate transformer in place of

w

115 volts, the dip in line volt-
age or flicker volts is reduced

FLICKER VOLTS

Vo

N

to one-quarter of the previous

N

amount. Going back to our

BORDERLINE AREA

¢/ %

N,
N
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N
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WITH THE OBSERVER

VARYING {1/ 4/,

example of the transmitter
’ running 350 watts, we will

N

.

8 9%
s Vs

now have a !4-volt dip instead

S . /

of the original 2 volts. Again

\L v
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4‘4: AL IMPERGEBTIBLE]
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Fig. 2 — A plot of line-flicker volts vs. flicker frequency. Flicker frequency
can be approximated by taking 5§ of the code speed. On voice, the average is

around 10 dips per second.

across the primary, you measure 118 volts.
Closing the key to the transmitter you measure
116 volts. The dip or flicker voltage is thus 2
volts. If you key the transmitter at 15 words per
minute, the flicker dips average about 5 per
second. Now using Fig. 2, locate 5 dips per second
on the bottom line. Follow up this line until it
intersects 2 volts on the flicker volts line. This
intersection falls in the objectionable area, and
some correction is in order. Amateurs using A-3
can determine their flicker rating in the same
manner a8 with ¢.w., by assuming a modulation
dip rate of 10 per second.

Curing Flicker

The large majority of objectionable light
flicker is caused by transmitter plate trans-
formers being operated on 115 volts. The most
practical method of curing this flicker is to use
230 volts to supply the plate transformers. If
your house is already supplied with 230 volts
a.c., all that is required is a 230-volt circuit from
the house switch to the transmitter and an auto-
transformer. Three No. 12 wires are suflicient for
the circuit, and the autotransformer should be
one-half the capacity of the plate transformer or
larger. If the plate transformer has a 230-volt
primary winding, the autotransformer is not
required. The connections of the 230-volt line,
autotransformer, and plate transformer are
shown in Fig. 3.

If the house has only a 115-volt 2-wire service,
the power company should be asked to replace it
with a 230-volt 3-wire service. Most companies
will do this free of charge to the customers. The.
old main switch will have to be replaced with a
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referring to the graph in Fig.
2, we find that the flicker is in
the borderline between im-
perceptible and perceptible.

You can use this graph to
determine how much plate
power you can run without
causing a flicker in the objectionable area. In our
example we now have l4-volt flicker with an
input of 350 watts. If we raised the input to 700
watts, the flicker voltage would become 1 volt,
which is not objectionable.

0.00!

Plate
Transformer
Autotransformer

© o

E 3
<
230-v. =
3- ertc Neutral P
line b=
L=
<
b=
—_

Fig. 3— An autotransformer can be used between a
230-volt line and a 115-volt transformer to improve the
regulation. The autotransformer must have a power
rating equal to at least half the rating of the plate
transformer.

Should the flicker voltage enter the objection-
able area of the graph when the transmitter is
supplied by 230 volts, the power company should
be consulted about increasing the size of their
service and secondary wires and of their pole
transformer. An overloaded pole transformer
creates a large voltage drop, as do long runs of
secondary and service wires.

Iine-voltage flicker is one of the little an-
noyances that creep into amateur radio operating,.
Curing it doesn’t help you to get out any better,
but it will probably help you to get along better
with your family and the neighbors, and it might
even cut down some of that chirp.

! 'T'here are many communities where all house wiring
must be done by alicensed electrician. Thisshould be investi-
gated before undertaking the wiring job yourself. ~~ Ed.
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Eliminating TVI with Low-Pass Filters

Part IT t — Filter Operating Characteristics and Attenuation in
Relation to the TVI Problem

BY GEORGE GRAMMER,* WIDF

a filter -— aside from giving it a fair chance,

as discussed in the first part of this article

-~ is to have a working knowledge of its opera-

tion. Because of the similarity of some of the

terms used in connection with both filters and

transmission lines, it is easy to acquire some
misconceptions of filter operation.

Attenuation is an example. In a line it is ex-

pressed as a power loss in some given distance,

usually in decibels per hundred feet. It does not

()NE of the essentials in getting the most out, of

Lo o

o

_— o]
Filter gLoad
R E o— 7

Fig. 7— Attenuation in a filter is the ratio of output
current to input current. It can also be expressed as the
ratio of output voltage to input voltage. The two ratios
are not the same except when the filter is terminated in
a load equal to its characteristic impedance.

have the same meaning when applied to filters.
If a filter is couneccted between & source of power
and a load, as in Fig. 7, the attenuation of the
filter is simply [Io/I1, the ratio of the current
flowing out of the filter to the current Howing
into it. This definition of attenuation says nothing
about any power loss. In fact, there is theoreti-
cally no power loss even when the attenuation is
infinitely large.

If you have had the idea that a TVI filter works
by “dissipating” your harmonics, you will be
wondering where the harmonic power goes. But
first let’s see why there should be no power dissi-
pation in a filter. In the interests of simplifica-
tion, filter design is based on the assumption
that the coils and condensers used in them are
perfect —— pure inductance and pure capacitance,
no resistance of any kind. Hence an “ideal” filter
is composed of pure reactances — which, in-
cidentally, would give better performance than
can be obtained with practical coils and con-
densers. The better the coils and condensers used
in filters — i.e., the lower their resistance — the
more nearly can ideal performance be approached.
Now it is characteristic of a pure reactance that
no matter what the value of the current Howing

¥ Technical Editor, QST.
1 Part I of this article appeared in Feb. QST, p. 19,
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through it there is never any power loss in it.
Hence there cannot under any circumstance be a
power loss in a filter composed of such reactances.
Any power that enters the filter either has to
leave by the output terminals or be returned
buck to the source through the input terminals.

It is the power returned to the source that ac-
counts for the attenuation in a filter. In the
attenuation band the filter hands back a part of
the power that enters. The greater the proportion
handed back the greater the attenuation. This
iy the same as saying that the filter refuses to
accept power from the source in greater or lesser
degree. Such power as it does accept is passed on
to the load, not used up in the filter itself.

Those who know their decibels will immedi-
ately question the legitimacy of expressing filter
attenuation in db. In the ideal filter the ratio of
power output to input is always unity, hence the
attenuation is always zero db. because by defini-
tion the decibel expresses a power ratio. As used
in evaluating filter performance, the decibel is
simply a measure of a current or voltage ratio,
with no reference at all to power. In practical
applications of filters the voltage and current
may not be attenuated in the same ratio, which
is, to say the least, confusing. However, there is
one special case in which the current and voltage
ratios are the same — the case where the load on
the filter has an impedance equal to the char-
acteristic impedance of the filter itself. Filter
attenuation formulas are based on this condition,
because then the formulas assume their simplest
possible form. The condition can be met to a
good approximation over part of the passband,
but is seldom even approximated in the attenua-
tion or stop band. This point can stand a little
elaboration.

Impedance Characteristics

Suppose that a variable impedance, Zx, is con-
nected to the output terminals of a filter, as
shown in Fig. 8. While Zr is varied from zero to
infinity the impedance Zg looking into the input

—o o—

2
Filter +<Ip
o__,[_7

7ig., 8 — Illustrating the experimental method of
determining characteristic impedance.

N
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terminals is simultaneously measured. If certain
conditions are fulfilled there will be one value
of Zg that will “repeat” at the input terminals;
that is, Zg will be equal to Zg. At all other values
of Zg, Zy will not be equal to Zg. The value of
Zr that causes Zg to equal 7y is the character-
istic or image impedance of the filter. Unlike the
characteristic impedance of a transmission line,
which is substantially resistive and independent
of frequency, the magnitude of the image im-
pedance of a filter can vary violently with fre-
quency. Furthermore, in a perfect filter it is a
pure resistance in the passband and a pure re-
actance in the stop band.

. In many filter applications this variation in
image impedance, particularly in the passband,
is an undesirable feature. Consequently, a good
deal of attention is paid in design to minimizing
the image impedance variations throughout the
passband. However, it should be kept in mind
that the effect of a mismatch between the load
and the filter is chiefly to cause the impedance

Constant k
M section

1

Consfant k
T section

méfmrm
L
T

Sertes m-derived
T sechon

|
T

1111 'mw%
T

Series m-derived
T half-sections
used as terminations

Fig. 9 — Types of filter sections discussed in the text.
In the lowest drawing, the dashed line between the two
coils indicates that additional filter sections ruay be in-
serted. In case only one section is desired the two half-
sections are simply connected together. The two coils
may then be combined into one having twice the in-
ductance of either.
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looking into the filter to be different from that of
the load. The desired amount of power can always
be put into the load by proper adjustment of the
coupling between the transmitter and the filter.1
Of course, practical filter components are never
free from resistance, so there is a small power
loss even with perfect matching. This loss in-
creases when there is a mismatch because the
effect of mismatching is to increase the current
circulating through some of the filter components,
but in many cases the increased power loss is
negligible.

Image Impedance in the Passband

As an illustration of the variation in image
impedance, the performance in the passband of
constant-k T and = sections is shown by the
curves of Fig. 10. Note that the image im-
pedance of the = section is always higher than
the design value, R, and is theoretically infinite
at the cut-off frequency. The T-section image
impedance is always lower than R and is theo-
retically zero at cut-off.

The cut-off frequency is obviously the worst
condition, so it-is of interest to see what will
happen at this frequency when a filter section is
terminated in a resistive load equal to R. Our
notions of transmission line behavior would lead
us to expect something horrible, but as shown by
Fig. 11 the actual conditions are not so bad. With
the T section the input and output voltages are
the same, but the input current is a bit more than
twice the load current. With the = section the in-
put current is equal to the load current but the
input voltage is high.!! Assuming that all the
resistance in a practical filter is in the coils, the
power lost in the filter at cut-off is of the order
of twice what it would be at some very low fre-
quency where the image impedance and R are
practically equal. However, the power loss in the
latter case should be so small, with rcasonably
good coils, that doubling it still should make no
appreciable difference in the over-all efficiency.

It must be pointed out that the situation will
be worsened if two or more constant-k sections
are connected in cascade and operated at the
cut-off frequency. In contrast, at frequencies
below cut-off the over-all performance will be im-
proved by using more than one section.

The variation in image impedance with fre-
quency in an m-derived section depends on the
type of section used. A series m-derived T section

10 The case is parallel to that of coupling to a transmission
line when the s.w.r. is greater than 1. The latter case is dis-
cussed in some detail in The A.R.R.L. Antenna Book, 1949
edition, page 79.

11 This illustrates the point, made earlier, that the voltage
and current attenuation are not the same unless the filter is
terminated in its image impedance. With the T section the
voltage attenuation is zero db., but the current attenuation
is 7 db. With the = section the current attenuation is 0 and
the voltage attenuation 7 db. In neither case is there any
attenuation of the actual power because the filter com-
ponents were assumed to be loss-free.
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Fig. 10 — Variation in image impedance of constant-k
T and » low-pass sections in the passband. Horizontal
axis: ratio of applied frequency, f, to cut-off frequency,
Jfe; vertical axis: ratio of actual image impedance, Zo,
to nominal or “design” impedance. The latter is usually
designated by the letter R in filter formulas.

shows exactly the same image-impedance varia-
tions as a constant-k T section. However, series
m-derived = half-sections will have greatly im-
proved image-impedance characteristics if m is
equal to 0.6. With this type of section the image
impedance will stay within 10 per cent of the
nominal value at all frequencies up to nine-
tenths of the cut-off frequency. When used as
terminations at both ends of a filter having in-
termediate T sections, such half-sections with
m = 0.6 will similarly improve the character-
istics of the filter as a whole, which is the reason
why they so frequently appear in filter designs.
However, the selection of the value of m is
another point that should be considered in rela-
tion to the particular problem at hand — in this
case the TVTI filter.

The Stop Band

In the stop band the image impedance is always
variable; matching in this region is never at-
tempted and would not be particularly helpful
if it were. The actual attenuation of the filter
depends not only on its design but on the condi-
tions that exist at its input and output termi-
nals,!? and is practically independent of whether
or not a match exists at the frequency that is
being passed. In other words, the harmonic
attenuation of a TVI filter will not be improved
by perfect matching at the fundamental fre-
quency, unless by chance the steps taken to
bring about a match also make a favorable
change in the conditions existing at the harmonic
frequencies.

In this band the point of chief interest is what
the filter can be expected to do in the way of
suppressing harmonics. The question of attenua-
tion cannot very well be approached without

12 This point was discussed in the first part of this article.
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reiterating the fact that the theoretical attenua~
tion of filters is based on assumed conditions
that will exist only by extreme coincidence in an
actual installation, and then probably at only
one frequency in the stop band. This does not
mean, necessarily, that the actual performance of
the filter will differ very greatly from the theo-
retical. It can, but probably won’t, except for
the terminating effects discussed in the first part-
of this article. The greater the number of sections
used in the filter the more independent the at-
tenuation becomes of what is connected to the
input and output terminals.

At any rate, we have to use the theoretical at-
tenuation because there is no other basis for dis-
cussion. The curves of Fig. 12 can be used for
estimating the attenuation of filters designed for
TVI reduction. They show the theoretical at-
tenuation of full sections for selected values of m,
together with the attenuation of a constant-k
section.

Below the frequency fw at which the attenua-
tion of an m-derived section is theoretically in-
finite, the attenuation is always greater than that
of a constant-k section. Above fo the attenua-
tion decreases and approaches a limiting value
which depends on the value of m. At frequencies
high enough so that the capacitive reactance in
the shunt arm (in the m-derived T section shown

—224E £q

2.24E,

2|input=2.24R

Fig. 11 — Voltages and currents in constant-k and »
sections at the cut-off frequency, when terminated in the
nominal characteristic impedance, R

in Fig. 9) is negligible compared with the induc-
tive reactance the network becomes a simple
voltage divider composed entirely of inductances,
and hence the attenuation levels off at a prac-
tically constant value.

Figs. 13 and 14 will be of assistance in estimat-~
ing the attenuation curves for values of m not
shown in Fig. 12. Fig. 13 shows the frequency of
infinite attenuation, fw, in terms of the chosen
cut-off frequency, and so locates one point in
Fig. 12. Fig. 14 gives the limiting value of at-
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tenuation for various values of m. So long as m
is below 0.95 this point can be located on the
ordinate representing 10 times the cut-off fre-
quency in Fig. 12. Because of the family re-
semblance between the curves for various values
of m, locating these two points on Fig. 12 will
permit, sketching the attenuation curve for any
selected value of m with an accuracy that is en-
tirely adequate for our purposes.

The range of m values shown in Fig. 12 is suffi-
cient for most TVI filters. There is no point in
using a lower value than 0.6, because the lowest
frequency at which high attenuation is required
will always be at least twice the operating
frequency. Consequently the sharp cut-off that
can be obtained with lower m valuesis not needed.
On the other hand, a filter that is to pass all fre-
quencies below 30 Mec. is not likely to require an
feo greater than three times the minimum usable
cut-off frequency, so m = 0.95 is about as high
as we need to go.!?

An interesting feature of the curves of the
m-derived sections is that the width of the re-
jection notch becomes greater for larger values of
. This means that a single filter section of this
type will give high attenuation over a whole TV
channel if m can be made large cnough. The
curves also show that an m-derived section cuts
off less sharply as m is increased, and (this is also
shown in Fig. 14) the attenuation above fo is
improved.

Combining Filter Sections

Assuming that the sections are properly de-
signed, ! the attenuation of a filter composed of
a number of sections will be the sum of the at-
tenuations (in decibels) of the individual sections
as shown in Fig. 12. As an illustration, suppose
we have a filter with one constant-k section, one
m~derived section with m = 0.6, and one m-de-
rived section with m = 0.8, Adding the atten-

14 Methods of design were covered in the excellent article
by Mack Seybold, *The Design of Low-Pass Filters,” in
December, 1949, QST. A chief point is that all sections must
be calculated for the same value of R.

10/

a9l

7]

13 For still higher values (which might be used if the
cut-off frequency is chosen below 30 Me.) the error will not
be consequential if the section is designed on a tonstant-k
hasis and a small inductance is inserted in series with C (in
the T section, Fig. 9) to resonate with C' at the desired feo.
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) 3
fao/fc
Fig. 13— Value of m as a function of the ratio be-

tween the frequency, fu, at which maximum attenua-
tion is desired and the cut-off frequency, fe.
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uations of the appropriate curves of Fig. 12
gives the complete curve of Fig. 15. The arrange-
ment of these sections in the actual filter will
not affect the attenuation, but will have a pro-
nounced effect on the impedance characteristics
in the passband. As pointed out by Seybold,!*
full T sections are to be preferred to = sections
in a filter for use with coax line, so the most sat-
isfactory arrangement would be as shown in Fig.
16. The upper drawing shows the individual
sections, while the lower drawing shows the filter
as it would be constructed with the separate
inductances between each pair of shunt arms
combined into one coil. Since the impedance
looking into the filter is the same in either direc-
tion (the same is true of the attenuation) it does
not matter which pair of terminals is used for
the input.

How Much Attenuation?

"There is no open-and-shut method for decid-
ing how much filter attenuation is needed for
eliminating TVI. The question itself is meaning-
less unless

1) The transmitter causes no interference
when operated at full power into a shielded
dummy antenna.

2) The TV receiver has been protected, if
necessary, from fundamental overload by the
installation of traps, filters, shielding and the
like to the extent required.

Once these preliminary requirements are satis-
fied, the filter attenuation needed will be greater
if

1) The TV receiver and your transmitter are
close together.

2) The TV signal is weak.

3) A low-order harmonic falls in a TV channel
that is reccivable in your locality.

4) You use high power.

The last is not as important ss might be
thought. There is only a 10-db. difference be-
tween 100 watts and a kilowatt, and assuming
that the harmonics are in proportion, the dif-
ference between the two power levels is less than
the attenuation afforded by a simple constant-k
section.

If the transmitter has been treated to prevent
stray radiation and the receiver is protected
against the fundamental, the chances are that
the battle is already half won. In regions where
the TV signal strength is high this (plus un
antenna coupler) should have reduced the in-
terference to the point where even the low-order
harmonics (from 28 Mec., for example) do not
greatly exceed the strength of the TV picture
carrier at a near-by receiver. As a rough guide,
when the two are approximately equal the cross-
hatching produced by carrier interference will
have about the same contrast as the desired
picture. That is, the black part of the crosshatch-
ing will just reach pure black at its darkest part,
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Fig. 14 — Attenuation in an m-derived full séction, at
frequencies far above f,. The curve theoretically repre-
sents a limit approached as the applied frequency ap-
proaches infinity, but for practical purposes the attenua-
tion can be considered to be constant at these values
for all frequencies above about four times fy,.

and the white part will similarly just reach
pure white. The picture itsell will be easily
visible through interference of this strength.
1f the black and white crosshatching bars
wash out the picture the interference is con-
siderably stronger than the carrier. On the other
hand, if the crosshatching shows up as medium
gray bars the harmonic is not as strong as the
TV carrier. These etfects depend on the exact
frequency of the interfering harmonic.!® An
alternative check can be made on the sound chan-
nel, if it is possible to put the harmonic on that
frequency. If the harmonic suppresses the sound
completely, it is stronger than the sound carrier
by a margin of at least 6 db., and vice versa.

An interfering signal near the picture carrier
must be at least 40 db. below the latter for the
interference to be tolerable. Thus if the hurmonic
and the TV carrier are approximately the same
strength, the filter should have an attenuation of
at least 40 db. for that harmonic. More, possibly
much more, will be needed if the crosshatching
wipes out the picture entirely. It is readily pos-
sible to secure attenuations in excess of 60 db.,
which should take care of a harmonic ten times
as strong as the desired signal. If a filter having
such theoretical capabilities does not seem to do
what it should, the probable reasons are (1) that
it was improperly designed and constructed, or
(2) that the harmonic is leaking past it by one
means or another. The higher the filter attenua-
tion the more important the latter point becomes,
because a small amount of leakage places a ceil-
ing on the over-all attenuation.

The Local Situation

The TV channel assignment for populous cen-
ters follows, in general, definite patterns. In the
low group of channels — 2 through 6, the most

18 “TVI Tips," QST, June, 1949,
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viding attenuation in frequency regions
where you have no harmonics. If you
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operating 10-meter ‘'phone you will
have either Channel 2 or Channel 6
to - worry about, but in most cuases
not both of them. {This ignores those
heyvond-the-fringe-area television 1NDX-
erg who try to get stations the alloca-
tion plan never intended them to get.)
In such a case the filter can be built to
provide the maximum attenuation
where it will do the most good, even
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though it may not have high attenua-
tion outside the channel that is being
protected.

As an illustration, suppose that the
transmitter operation centers around
20 Me. and that Chaunnel 2 is to be pro-
tected. To see what u single m-derived sec-
tion will do, let us assume that the rcjection
frequency, fw, is to be placed at 58 Me., the
second harmonic. From the eurlier discussion
we know that it is desirable to have m as large
as possible, which means that the cut-off fre-
quency should be as low as possible. In view
of the earlier discussion of image impedance, let
us assume that the highest operating frequency,
29.7 Mec., should not exceed 0.9 times the cut-off
frequency, and then choose 2 cut-off frequency
of 34.7 Mec. so that m will be 0.8 (foo/fs = 1.67
from Fig. (3). The harmonic “shadow” of the
10-meter 'phone band is 57 to 59.4 Me. The cor-

100,

the text.
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Fig. 15— Theoretical attenuation of the three-
section filter used as an example in the text. The circuit
is shown in Fig. 16.
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ACTUAL CIRCUIT

Iig. 16 — Development of the filter circuit used as an example in

responding ratios to the cut-off frequency are
57/34.7 = 1.64 and 59.4/34.7 = 1.71. From
Fig. 12 the attenuation will range from 48 db.
al 57 Me. through infinity (theoretically) at 58
Me. and back to 42 db. at 59.4 Mec.

‘Where Channel 6 is the only concern somewhat
more favorable results can be obtained from a
single section. In this case we are mainly con-
cerned with the harmonic shadow that falls be-
low 88 Mec., the upper limit of the TV channel.
Since the third harmonic of 28.5 Me. falls at 85.5
Me., the rejection point can be placed midway
between 85 and 88, at 86.5 Mc. The cut-off fre-
quency should not be lower than 29.7/0.9 = 33
Me. Using this figure, the ratio foo/fo = 86.5/33
= 2.62, and from Fig. 13 this corresponds to
m = 0.925. The curve can be sketched on Fig.
12 as previously described. Procceding as before,
it is found that the attenuation anywhere be-
tween 85.5 and 88 Mec. exceeds 50 db.

It can be seen, therefore, that a single m-de-
rived T section is theoreticully capable of pro-
tecting a given channel when the strength of the

- harmonic does not exceed the strength of the TV

picture carrier. In the ten-meter case the next
harmonic that can interfere with television is
the sixth, which can fall in Channel 7 (174-180
Mec.). Using 34.7 Mec. as the cut-off frequency,
the frequency ratio is 174/34.7 = 5. From Fig.
12 this ratio would give an attenuation close to
20 db. when m = 0.8. With the Channel 6 filter
the attenuation is about 30 db. These attenua-
tions could be adequate, in view of the frequency
of the harmonic as well as its high order. The
v.h.f. resonances that occur in the tank circuits
of transmitters 1% working at 28 Mec. and below
(Continued on page 104)

16 “TVI Tips,” @ST, Oct., 1949,
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Simulated Emergency Test—1949

Nationwide Test of Emergency Plans and Facilities Demonsitrates
Preparedness of AEC Groups

BY GEORGE HART,* WINJM

HE Simulated Emergency Test gets bigger
Tevery year. A total of 127 AEC groups re-

ported activity in the 1949 test as compared
with 93 in 1948 and 54 in 1947. Reports were re-
ceived from most states, a few Canadian prov-
inces and groups in Canal Zone and Puerto Rico.
Each group represents many (in some cases hun-
dreds) of amateurs who devoted time during
the week end of October 15th and 16th preparing
themselves to serve their community in time of
direst need. The year-to-year improvement is an
indication of the increasing emergency-con-
sciousness of amateur radio clubs and com-
munity groups.

Readers are invited to look at the listing of
participating groups. Is your community rep-
resented? Are you represented? Of course you
will be on hand in the event of a real emergency
to help wherever you can; we all know that. But
don’t kid yourself into thinking you will be
ready. For a small amount of your time, why not
become an integral part of your local AEC
group to be ready in fact when the need arises?
Why not hold an Emergency Corps card and lend
the weight of your example to the showing for
the amateur service?

The list of group participants which follows is
in order of their ‘scores,” but these are not
meant to be competitive. The circumstances of
the different groups involved are at such wide
variance that there can be no basis for competi-
tion. The scores are simply an indication of the
“antenna current’’ of each group. The fact that
one antenna shows more antenna current at its
feed point than another does not necessarily
mean that it is better than the other; but when a
change in loading (or power) shows 4 higher an-

tenna current with the same antenna, it is an in-
dication of improvement. Your score should be
compared with that of previous years rather thun
with that of other groups.

* Nationul Emergency Coérdinator, ARRL.

Appleton, Wis.......... 100 Winthrop, Mass........ 100
Bangor, Me............ 100 San  Fernando Valley,
Bergen & Passaic Co., Calif................ 97

3 P 100 Jefferson Co., N. Y......
Big Spring, Texas. . Davison Co., 8. Dak.. ...
Billings, Mont.. .. Western Los Angeles,
Bismarck-. Mandan, 8. Califi......ccovvuunn 92

Daki oooovvnrnnnnn 101 New London, Conn...... 90.8
Boone Co., Ark. Dade Co., Fla.. 90
Calgary, Alta. Isabella Co Mich. .. . 90
Coos Bay, Ore Peoria, IIL.. ...... . 90
Cullman Co., Ala. Memphis, Tenn. . 89.5
Cuyahoga Co., Ohio Morris Co., N.J........ 89.1
Danbury, Conn. Albany Co., N. Y.. 88
Dedbam, Mass. Everett, Wa.sh, .. 88
Dresden, Tenn. Grand Rapids, Mich..... 88
Flko, Co., Nev... . Nassau Co., N. Y....... 88
Fort Smith, Ark........ Portland, Ore.. . .88
Ceranite City, Ill........ Racine, Wis.. . . . 88
(Gireen Co., I.. . . .. Long Beach, Cali . 86
Groveland, Mass. 8St. Paul, Minn.. .. 86
Huron & Sanilac Co., Bloomfield, Conn.. ... .. 85

Mich............... 00 Springfield & Clark Co.,
Lewiston & Auburn, Me.. 100 Ohio. .......
Madison, Wis.......... 100 Mercer Co., Pa..
Massena, N. Y........ Wausau, Wis........... 84
McKean Co., Penna. Santa Clara Co., Calif...83.6
Milwaukee Co., Wis. Hamilton, Ont.......... 82.9
Muskegon, Mich......... Colo. Springs, Colo. . 82
New Castle, Ind.. . ..... San Juan, P.R..... . 82
New Port Richey, Fla.. ., 100 Aberdeen, 8. Dak, .
Oklahoma Co., Okla.. . ..100 Augusta, Me......

Ottumwa, Jowa. .
Phoenix, Ariz..

Burlington, Vt.
Kansas City, Mo.

Pike Co., Ohio. . . Windsor, Ont..

Quebec, Que.. . Kingsport, Tenn

Roswell, N. M cee Toledo, Ohio. ....

San Bernardino, Cale ..100 (Genessee Co., Mich
Southbridge, Mass Canal Zone, Pacific Side.
Stevens Point, Wis.. Haverhill, Mass..........
Stratford, Conn. . Alkron, Ohio. ... ...
Sudbury, Ont...... Iroquois Co., IIL
Washington Co., Okla.. 1100 Richmond Co., G

¢

W6CXO0, sponsored by the American Red Cross under
the auspices and trustceship of the San Francmco Naval
£hipyard Amateur Radio Club, had a busy time of it
durmg the SET. Two main operating positions were in
action, plus auxiliary 2-meter and portable set-ups. A
third operating position to the left, out of the picture,
has four crystal-controlled receivers permancntly tuned
to the National Emergency Frequencies of 3550, 3875,
7100 and 14,050 kec. OUperators shown are, left to rzglzl,
W6BWL, WﬁBYS (San Francisco EC) and WONL (San
Francisco SCM).
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WI1QHT kibitzes as WI1JEN operates while taking
part in the annual Simulated Emergency Test. This
field unit was part of the Burlington (Vt.) Emergency
Corps set-up and used completely independent power
sources.

$
ErieCo.,Pa............ 64
Mansfield, Obio. .. ..... 84

Eureka, Calif........... 63
Hartford, Conn.........

QGreen Bay, Wis........ 7 Marinette, Wis.. . . . 60
Joplin, Mo.... .. 70 Hartford Co., Conn 59.2
Pittsfield, Mass.. . .. 70 Cincinnati, Ohio. . . .
Toronto, Ont........... 7 Oneida Co,, N. Y.......
Kitsap Co., Wash....... 69 Norwalk, Conn.........
Chattanooga, Tenn...... 67.3 Plainfield, N.J......... 48
Monroe Co.,N. Y....... 67 Portland, Me.. ......... 48
Onondaga Co., N. Y..... 67 Torrington, Conn.. ..... 44
Schenectady, N. Y...... 66 Mirneapolis, Minn.. .. .. 43.6
Columbus, Ohio . ...... 65 San Diego Section, Calif.. 43
Muscatine, lowa....... 65 Crescent Bay Ares, Calif. 42.16
Pittsburgh, Pa.......... 65 S.E. Portland, Ore...... 30
Tuscaloosa, Ala.. . 85 Pendleton, Ore......... 8.6

Eau Claire, Wis......... 64

No Scores Reported

Greene Co., N. Y. Des Moines, Iowa
Danville, Ark, Fall River, Mass.
Piqua, Ohio Marietta, Ohio
New York Co., N. Y. Portsmouth, Ohio
Canal Zone, Atlantic Side Chillicothe, Ohio
Zanesville, Ohio Steubenville, Ohio
Erie Co., N. Y. Wilmington, Ohio

Traffic Routings

The SET traffic started to pile up at centraliz-
ing points on Saturday night and roll eastward to
ARRL Headquarters or to Red Cross stations
K3NRW (now W3PZA), W6CXO and WIDUA,
but the going started to get really rough for the
traffickers on Sunday night. On Monday the
regular traffic nets took over. By Tuesday the
large volume of traffic had all been delivered; on
Wednesday and Thursday it had stopped except
for an occasional sporadic message. Most emer-
gency groups designated one or two stations spe-
cifically for the purpose of handling long-haul
traffic. It was then centralized by areas and re-
layed in bulk toward or directly to its destina-
tion. The handlers did an admirable job consider-
ing the fact that most traffic nets do not operate
week ends. The list of stations who sent messages
to Headquarters is too long to reproduce here,
but the number of messages received runs into
four figures. Connecticut amateurs and those at
Red Cross centers were kept busy both during
the week end and for one or two days afterward.

Publicity

The Simulated Emergency Test is valuable as
an “opener” for the fall season; it puts emer-
gency codrdinators to work on a practical, down-
to-earth basis for overhauling of old plans or de-
velopment of new ones, in accordance with
changing personnel and requirements; it instills
the confidence and feeling of usefulness necessary
for continued interest of each AEC member.
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But aside from these important interior organiza-
tional matters, it also brings our activities and or-
ganizations emphatically to the attention of the
public and the agencies and local authorities we
are dedicated to serve; and although this repre-
sents an entirely different phase of emergency-
preparedness from the operating phase, it is every
bit as important to the welfare and reputation of
amateur radio.

The annual test of amateur facilities first of all
provides an opportunity for ECs to‘renew their
contacts with the several local officials and
agencies and serves notice upon them that their
community amateurs are still organized and
ready to go into action at a moment’s notice.
During last October’s test many public officials
came forward as observers or even participants in
the test, and copies of official sentiments of
pleasure and congratulations signed by mayors,
Red Cross disaster chairmen, chiefs of police and
other dignitaries have crossed our desk by the
score. Secondly, the local newspapers did a
marvelous job in covering some of the tests and
cooperated at numerous points in giving readers
something of the excellent story of amateur
radio’s practical organization for emergencies.
Practically every report of participation was ac-~
companied by a newspaper clipping, many of
them complete with photographs, from front-page
spreads to rear-page features, The availability
of amateur facilities for emergency communi-
cation is always of interest to community offi-
cials; the proof of what it can do as demonstrated
by the annual Simulated Emergency Test is news.
The prestige of clubs, AEC groups and individ-
uals was thus enhanced as a result, in addition to
the substantial improvement of our practical
AEC plans and progress, emergency-wise, in all
these communities.

Comments

There is more to the story than just this. Each
EC who had a group in the field and sent in a re-
port of activities had his own detailed report on

{Continued on page 106)
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Crystal-Controlled Oscillators

A Review of Modern Crystals, Circuits and Tubes

BY C. VERNON CHAMBERS, * WI1JEQ

oscillator circuits is desirable because of

the new types of crystals and tubes that
appear over a period of time. Previous examina-
tions of crystal-oscillator circuits by Lamb ! and
(Goodman ? resulted in much useful data per-
taining to crystals and tubes of prewar design.
Although the oscillator-tube complement has not
grown appreciably since the time of the work by
(Goodman, considerable development was done
in the crystal field during the yvears of wartime
research. The crystals now commonly available
on the regular and the surplus markets are
smaller and therefore cannot handle as much
power as those produced in the past and, as a re-
sult, the operating conditions of un oscillutor
circuit are now more critical.

The object of this latest investigation was the
determination of optimum operating conditions
for three popular oscillator circuits using the new
type of crystals in conjunction with any one of
four popular oscillator tubes, The circuits tested
were the grid-plate, the T'ri-tet, and the modified
Pierce and the tubes were the Types 6AG7, 6F6,
6VOGT und 6L6. The operating characteristics
sought after were good keying, low erystal cur-
rent, reduction in the frequency shift normally
caused by tuning of the plate circuit, and mod-
erate power output at the fundamental and the
harmonic frequencies.

For clarification it should be stated that good
keying in this instance means a keyed signal free
from chirp and that power output does not mean
maximum obtainable power. In these tests power
output was sccondary to keying and frequency
shift, and no attempt was made to generate more
power than would be required to drive another
receiving-type tube or a low-power transmitting
tube such as the 807. During the test the 61.6 was
operated at a higher input than the other three
types of tubes but this was done to permit study
of the crystals in a power circuit --- not as an at-
tempt to increase output.

!. PERIODIC survey of the behavior of crystal-

The Test Equipment

The test equipment consisted of d.c. meters for
measuring power input and oscillator output, two

* Technical Assistant, QST.

! Lamb, *“ A Practical Survey of Pentode and Beam Tube
Crystal Oscillators for Fundamental and Second Harmonic
Qutput,” QST, April, 1937.

2 (toodman, ‘' Keving the Crystal Oscillator,” QST, May,
1941,
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receivers, u frequency standard, an audio oscil-
lator, an oscilloscope and, last but not least, a pair
of 60-ma. pilot lamps. One of the receivers was
used for monitoring the output signal of the os-
cillator and the second receiver was used in con-
junction with the ‘scope, the audio oscillator and
the frequency standard to provide means of
measuring the frequency shift. One pilot lamp,
connected as shown in Fig. 1, was usced to measure
crystal current. During test runs, the brilliance of
this lamp was compared with that of the scecond
lamp which was in turn connected in u circuit
consisting of a battery, a meter and a potentio-
meter. Inasmuch as the filaments of t:0-ma. bulbs
do not become incandescent with u current of less
than 30 ma., the performance curves of the os-
cillators do not show crystal currents less than
this value. Fortunately, these unmeasurable cur-
rents are safe currents.

The Test Unit

In the test unit all values of (', R and L were
made variable so that optimum circuit values
could be readily determined. A Type 807, con-
nected as shown in Fig. 1A, was used as the os-
cillator load. The tube load allowed study of the
keying and the other characteristics of the os-
cillators under normal working conditions. Inci-
dentally, output data for the oscillators are ex-
pressed in terms of rectified current measured at
the grid of the 807. Dials for the fced-back con-
densers were calibrated in terms of capacitance
and the plate-circuit control was calibrated in
terms of frequency. These calibrations permitted
rapid logging of the circuit values for different
sets of operating adjustments.

Input to the Types 6AG7, 6F6 and 6V6GT was
approximately 5 watts in all cases and the input
to the 6L6 was around 10 watts. The output of
the plate supply was controlled by a Variac and
the screen voltage for the tubes was held constant
by a VR-150 regulator tube.

It was decided at an eurly stage of the game to
make the keying, frequency-shift, crystal-current
and power-output. measurements with 7-Me.
crystals providing the fundamental frequencies.
It was felt that the 7-Mec. crystals might be a
little more tricky to handle than the 3.5-Mec.
crystals and we wanted to make the tests as con-
clusive as possible. However, 3.5-Mec. crystals
were used for obtaining the harmonic data be-
cause more reliable checks could be made in the
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Fig. 1 — Circuit diagrams

iy — 250-pfd. variable.
Caz, C3, Cg — Feed-back control condensers (see text and
 Tigs. 2,3, 4 and 5).
Ci, Cs, Ca— 0005 mica.
C7 — 100-pufd. mica.
Ri1—0.) megohm, 1§ watt.
Rz — 15,000 ohms, 10 watts.

range up to 14 Mec. than could be made if the
range extended up to 28 Me.

As work progressed a set of fixed circuit values
was arrived at and these values appear in the
parts list of Fig. 1. The values apply to all three
circuits and are optimum for good keying, mini-
mum frequency shift and output at the funda-
mental and the harmonic frequencies. Circuit
values that apply to a single circuit are listed
along with the performance curves of Figs. 2, 3,
4 and 5.

General Conclusions

The results of the oscillator tests are best
presented by the curves of Figs. 2 to 5, inclusive.
However, additional data of a general nature
apply to all three circuits and this material will
be covered before the individual circuits are
discussed.

The circuit diagrams of Fig. 1 show the use of
regulated screen voltage. (Actually, it might be
more correct to say regulated plate voltage be-
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of the crystal oscillators.

Ly, C1— 'l'u.ned to crystal frequency or desired har-

monic. )
l.2, Ca — Tuned above crystal frequency (see text).
J1 — 60-ma. pilot lamp.
MA — Grid-current milliammeter.
RFC — 2.5-mh. r.f. choke.

cause the screen grid serves as the oscillator plate
in each of the circuits shown.) The value of this
voltage, 150 volts, was determined by the os-
cillator output when a 250-volt plate supply was
used. Lower screen voltages reduced the output
and higher voltages contributed nothing more
than an increase in crystal current. The regulated
screen voltage has two desirable effects: it pro-
vides a noticeable improvement in keying and
makes the power output of the oscillator more
independent of plate voltage. Cathode current of
a screen-grid tube is largely controlled by the
screen voltage, and with this voltage held con-
stant there is less change in plate current as the
plate voltage is swung around a given value.
With the test circuits shown it was possible, by
means of the Variac, to swing the plate voltage
approximately 100 volts above and below the
regular value without affecting keying, fre-
quency shift or output to any significant extent.

The output from each of the circuits was great-
est when a low-C' plate tank was used. This fea-
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ture is of particular interest when harmonic
output has importance. Usually, it is desirable to
obtain nearly equal output at the fundamental
and the second-harmonic-frequencies and this
condition cannot be obtained with a low-C' tank
circuit at both frequencies. However, s single
tank circuit that can be tuned over two bands
will give the desired effect, because the resulting
high-C at the fundamental reduces the output at
that frequency, a condition that usually can be
tolerated. In one series of tests, when separate
plate coils were used for each band, oscillator
output at the fundamental frequency was nearly
twice that obtained at the second harmonie.
Changing over to a two-band tank lowered the
output (expressed in terms of 807 grid current)
from 12 to 9.8 ma. at the fundamental but in-
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PLATE-CIRCUIT TUNING

Fig. 2 — Showing crystal current, relative output and
frequcncy shift of the grid-plate oscillator when opti-
mum circuit adjustments are made. Curves 4, B, C and
D are for the Types 6AG7, 6F6, 6V6GT and ()L6 re-
spectxvely Critical circuit values for the 6AGT are:
Co = 10 ppfd.; Cz = 220 pufd. Cz and Cs for the other
tubes are 25 and 100 uufd., respectively.
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creased the second-harmonic output from 6.3 to
8.2 ma.

A high value of grid-leak resistance was selected
for the following reasons: (1) better keying as
indicated by less chirp, (2) less crystal current,
(3) a reduction in d.c. input (less cathode cur-
rent) without affecting plate-circuit output, (4)
it eliminated the need for the customary grid-
circuit r.f. choke. The resistance can be lowered
to approximately 50,000 ohms before grid loading
becomes great enough to warrant use of a choke.

Plate-circuit keying of the oscillators proved
to be slightly less chirpy than did straight cathode
keying. Plate-circuit keying is accomplished by
returning the grid leak to cathode rather than to
ground. This arrangement has one disadvantage
in that the key is hot with B4 when the circuit
is open. Anyone interested in experimenting with
other types of oscillator keying should study the
article by Goodman.?

Although a lamp bulb connected as shown in
Fig. 1 serves well as a crystal-current indicating
device, it should not be used asfa permanent part
of a keyed oscillator circuit. The resistance of a
lamp varies as the current through the lamp is
increased or decreased by, for instance, keying.
"This variable resistance affects the activity of the
crystal as indicated by a chirp that can be
eliminated only by removing the bulb from the
circuit.

The Grid-Plate Oscillator

Jircuit A of Fig. 1 is different from the grid-
plate circuit shown in the Handbook only in that
it includes an external feed-back condenser, Cy,
between the grid and the cathode of the tube.
This condenser and Cs form a voltage divider
across the crystal and by adjusting the ratio of
the two capacitances it is possible to control the
feed-back.

Operation of a circuit with both optimum and
improper feed-back is shown by the curves of Figs.
2 and 3. Fig. 2, showing optimum operation,
indicates that low crystal current, minimum fre-
quency shift and maximum output are obtained
with a low value of C2 and a fairly large value of
(3. This same capacity ratio results in maximum
harmonic output and clean keying.

With a really active crystal working along with
a Type 6AG?7 tube, it is possible to depend on the
grid-cathode capacitance of the tube as the grid-
cathode section of the feed-back divider. However,
an external condenser —a 15-uufd. variable
would be best — will permit optimum adjust-
ment for all grades of crystals.

Study of Fig. 2 will show that the Types 6F6,
6V6GT and 6L6 — all popular oscillator tubes
— do not compare favorably with the 8AG7. It
will be noticed that the feed-back requirements
(a lower ratio between C3; and Cj) are greater,
that the crystal current is higher and that the
tubes oscillate only when the plate circuit is tuned
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PLATE-CIRCUIT TUNING

Fig. 3 — Curves showing the effect on the operating
characteristics of a 6AG7 grid-plate oscillator when the
feed-back is not optimum. The excessive crystal current
and increased frequency shift also occur in the other
circuits under similar conditions. Feed-back capacitance
values associated with the three curves are:

»‘l = Cz = 75 ppfd.; Ca = 10 ppfd.
— C2 = 75 pufd.; Cag = 220 ppfd.
Az — C2 = 10 ppfd.; Cs = 10 ppfd.

to the high side of resonance. Furthermore, as
shown by Fig. 2, the plate-circuit tuning has con-
siderable control over crystal current, frequency

shift and, naturally, power output. All of this’

means that tuning to the high side of resonance
gets to be a delicate operation.

The curves of Fig. 2, by showing how the fre-
quency is pulled as the plate tanks for the various
tubes are tuned through resonance, clearly dem-
onstrates the superior isolation qualities of the
6AG7 as compared with that of the other three
tubes.

The harmonic-generating capabilities of the
grid-plate oscillator are listed with those of the
Tri-tet and the modified Pierce in Table I.
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By using optimum feed-back along with a
6AG?7, it is possible to obtain good keying of the
grid-plate oscillator when the plate circuit is
tuned to resonance (maximum output) at either
the fundamental or the harmonic frequencies of
the crystal. The Types 6F6 and 6V6GT can be
made to key well only by careful adjustment of
the feed-back condensers and, because of its part
in feed-back control, the plate circuit. No set of
operating conditions which permitted good
keying of the Type 6L6 in a high-power set-up
could be found and there is no reason to believe
that this tube can be made to key any better
than the Types 6F6 and 6V6GT even when. the
input is reduced to a lower level.

The Tri-Tet Oscillator

The circuit diagram of the Tri-tet oscillator
appears as section B of Fig. 1. The general per-
formance of the Tri-tet, shown by the curves of
Fig. 4, is quite similar to that of the grid-plate
circuit. The Tri-tet does offer slightly more out-
put at the fundamental and the second-harmonic
frequencies. The power-output chart shows that
the Tri-tet gives more third-harmonic output
than does the grid-plate circuit when Type 6AG7
or 616 tubes are used. Regardless of the tube used
(any one of the four tested) the Tri-tet does the
best job at the fourth harmonic.

A comparison of the curves of Figs. 2 and 4 is
interesting because it shows that although the
output of the Tri-tet is greater than that of the
grid-plate circuit, the crystal current is lower.
The one exception to this rule is caused by the
use of a Type 6AG7 in which case the Tri-tet still
gives the most output but at a hlgher crystal
current than the other circuit.

Considerable time was spent workmg with the
cathode circuit of the Tri-tet oscillator and the
conclusions reached are as follows: (1) A high-C'
circuit is best from the standpoint of both crystal
current and output. (2) The circuit should be
tuned to a frequency somewhere between the

TABLE 1
Relative Harmonic Output — Ma.
Harmonic (frid-Plate  Tri-Tet  Mod. Pierce Tube

2nd 5.6 82 6.6

3rd 3.2 43 4.1 6AGT7

4th 13 20 12

2nd 8.8 8.5

3rd 2.0 23 toct 6F¢

4th 0. 1.2

2nd 70 8.2

3rd 28 26 ot 6V6GT

4th 1.2 15

“nd 125 18.0

3rd 55 13.4 ot 6L6

4th 28 8.0 B
[aY
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fundamental and the second-harmonic frequen-
cies. (3) A fixed tuned circuit is a practical as
well as a4 convenient arrangement to use for out~
put at both the fundamental and the harmonic
frequencies.

By a high-C circuit we mean one that employs
approximately 250 pufd. when tuned for operation
with 3.5-Mec. crystals. A value of 150 upfd. is
suitable for use with 7-Me. crystals.

The frequency at which the cathode circuit
should be tuned was determined by a series of
test runs made while using a variable-frequency
circuit. These tests scemed to indicate that with
some tubes it is advisable to tune the cathode
slightly above the crystal frequency and that
other tubes operate best with the cathode tuned
to the seccond or even the third harmonic. How-
ever, an r.f. indicator coupled to the plate tank
showed that maximum output at the funda-
mental and the harmonic frequencies was ob-
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PLATE—CIRCUIT TUNING
Fig. 4 —- Performance curves for the Tri-tet oscillator.

See text for eritical circuit values. A, B, C and D refer
to the 6AG7, 6F6, 6V6GT and 616, respectively.
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tained with the cathode tuned approximately
midway between the fundamental and the scc-
ond-harmonic frequencies. Output at the crystal
frequency will have high harmonic content if the
cathode is tuned near any one of the harmonics.
‘When the plate tank was adjusted to a harmonie
frequency, it was not possible to increase output
by retuning the cathode to a higher frequency
nor did the r.f. indicator show an excessive
amount of fundamental present in the output.

There does not appear to be a spot frequency
(for a particular crystal) to which the cathode
must be tuned. If, however, the circuit is made
variable to facilitate maximum power output
over a wide range of crystal frequencies, it should
not, be capable of tuning down to the crystal fre-
quency. This adjustment results in excessive
feed-back which, in turn, causes dangerously high
crystal current, frequency creeping and reduced
output. Tubes other than the Tvpe 6AG7 won't
even start to oscillate consistently with the
cathode set too close to the crystal frequency.

Tuning of the plate circuit of the Tri-tet oscil-
lator using a Type 6AG7 tube causes slightly less
frequency shift than does the tuning of a grid-
plate circuit using the same tube. A comparison
of Figs. 2 and 4 proves this point and also shows
equivalent frequency-shift curves for the two cir-
cuits when the Types 6F6, 6V6GT and 616 are
employed. Also pointed out by Fig. 4 is the fact
that the plate circuit of the Tri-tet must be tuned
to the high side of resonance when tubes other
than the 6AG7 are used. From these curves it is
ulso obvious that plate-tank tuning has an effect
on feed-back.

Some frequency shift does occur when the cath-
ode circuit of a Tri-tet is tuned in the vicinity of
the fundamental or the harmonic frequencies.
This information is not presented in curve form
hecause it represents an improper circuit adjust-
ment which should be avoided.

Use of the Type 6AG7 tube in a Tri-tet oscil-
lator assures keying free from chirp even when
the plate tank is adjusted for maximum output,
and frequency shift is almost negligible with this
arrangement. Types 6F6 and 6V6GT key well
only at the expense of reduced output, because of
the necessity for tuning the plate tank off reso-
nance. 'There is no set of circuit adjustments
which permits chirp-free keying of the high-power
61,6 circuit.

The Modified-Pierce Oscillator

The circuit diagram of the modified-Pierce
oscillator is given in Fig. 1C. Ordinarily, varia-
tion in screen voltage provides the primary means
of adjusting feed-back in this circuit. However, if
regulated screen voltage is to be employed in the
interests of good keying, it is necessary to find
another method of regulating the feed-back. This
can be accomplished by adding a fixed capacity,
Cg of Fig. 1C, between screen grid and ground.
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Each type of tube requires a fairly critical value
of external feed-back capacitance, and optimum
values for the four tubes tested are listed under
the performance curves for the oscillator.

Addition of the external feed-back control to a
6AG7 modified-Pierce circuit raised the relative
output at the fundamental from 6.4 to 9.8 ma.
without making any measurable increase in crys-
tal current or without increasing the frequency
shift caused by plate tank tuning.

Curves of the relative output and of the fre-
quency shift caused by plate-circuit adjustment
are given in Fig. 5. Crystal current curves are
missing in this case because they were always
below the measurable value of 30 ma.

The operational curves show an interesting
trait of the modified-Pierce oscillator.” Although

the 6AG7 reacts to plate circuit tuning just as it -

does in the other two circuits, the other three
tubes require that the plate tank be adjusted to
the low-frequency side of resonance when 7-Mec.
crystals are used. Not shown by the curves is the
fact that these same tubes require a plate-circuit

adjustment on the high side of resonance when"

3.5-Me. crystals are used. This is possibly due to
a change in feed-back conditions as the frequency
of operation is increased. In any event, we have
learned that the plate-tank of the Pierce circuit
requires the same careful tuning as the plate
circuit of the other oscillators.

Harmonic output data for the Type 6AG7 tube
operated in the Pierce circuit are listed in Table I.
Harmonic output delivered by the other three
tubes was so low as to be of no practical use and,
a8 a result, the output figures are not listed. As a
matter of fact, some of the tubes would not oscil-
late when the plate tank was tuned very far off
the fundamental frequency.

In conclusion, we can say that the modified-
Pierce oscillator is a simple, practical circuit so
long as the Type 6AG7 tube is used. With this
tube, it will key well when adjusted for maximum
output and the harmonic output capabilities are
comparable with the other two circuits. Use of
the modified-Pierce in conjunction with Types
6F6, 6V6GT and 616 is not recommended if

either good keying or harmonic output are design

considerations.

Summary

In summary, the following should be considered
in the selection of any one of the three circuits
discussed above:

1) Regardless. of the circuit selection, use
regulated screen voltage if good keying is desired.

2) Of the four tubes tested, the 6AG7 is by far
the best from every standpoint.

3) The Tri-tet oscillator gives the most output
{at both the fundamental and harmonic fre-
quencies). The modified Pierce is second in this
respect, 8o long as a Type 6AG7 tube is used.

4) The modified-Pierce circuit is easiest on the
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Fig. 5 — Crystal-current, frequency-shift and output
data for the modified-Pierce oscillator. Feed-back
capacitances (Cs) for the various tubes are: 6AG7 =
2(‘.).'0 pﬁ'd.; 6F6 = 40 uufd.; 6V6GT = 50 pufd.; 616 =
00 putd.

crystals and, except when a 6AG7 is used, the
grid-plate oscillator operates with the highest
crystal current.

5) With a tube other than the 6AG7 in use, it
is not advisable to tune any of the oscillators for
maximum output because a slight change in cir-
cuit conditions may cause frequency shift.

6) Plate-circuit keying of the circuits results
in less chirp than does the use of straight cathode
keying.

7) Remember — the use of a crystal doesn’t
automatically assure a good sounding note. But
the crystal is willing to do its part — if you’ll give
it the chance.

% Strays "%

W1AGM and W4GJW report that their direc-
tory of doctor and dentist radio amateurs is
rapidly taking shape. If you are a U. S. or foreign
amateur engaged in these professions and haven’t
already done so, you are requested to communi-
cate with W4GJW, Dr. Arthur W. Woods,Wood-
ward Building, Birmingham, Ala., before the
directory’s deadline of May Ist.
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A 2-Meter Station for the Novice

Part II—The Transmitter R.F. Section

BY EDWARD P. TILTON,* WIHDQ

[This is the sccond in a series of three articles
describing a 2-meter station especially for the be-
ginner. The receiving equipment, Part [, appeared
in Fehruary QST. The concluding installment,
dealing with the modulator, power supply, and
conirol circuits, will appear in a subsequent issue.]

amateur oceupancy in the fall of 1945,

replacing the former assignment auf 112
Me., most of the early activity in the new band
was carried on with simple equipment of the
modulated-oscillator variety left over from the
prewar period. When equipment such as the
SCR-522, the ARC-5, and other wartime com-~
munications gear appeared on the surplus market
soon after, it afforded an excellent opportunity
to make the change from the simple but ineffi-
cient equipment of the prewar era to the crystal-
control and superhet-receciver techniques now em-~
ploved for practically all 2-meter work.

The war-surplus gear was available in tremen-
dous quantities at ridiculously low prices, and
literally hundreds of v.h.f. beginners cut their
2-meter teeth on the 522. Having thus stundard-
ized on improved techniques the way was opened
for a considerable expansion of 2-meter operating
ranges and an elevation of the 2-meter band to
the status of a major amateur operating field.

Though there are still countless surplus rigs on

.the air on 144 Me., the supply of them for sale

V. 4. ¥. Editor, QST.

WHEN the 144-Mec. band was released for

has been largely exhausted, und today’s beginner
in the 2-meter field will very likely find it advan-
tageous, it not absolutely necessary, to build his
own. Useful though it was, the surplus gear ix
not, the most efficient means of generating a 2-
meter signal, und duplication of it, with other
than surplus components, would be an extremely
expensive undertaking. Thus there is a considera-
ble nced for a 2-meter design that will provide a
stable signal with a minimum of complication.
The transmitter described herewith was built
with these considerations in mind. It is capable
of about the same power output as the 522 und
other war-surplus rigs, yet it is much simpler in
design and lower in duplication cost. A single
low-cost tube type, the 6J6, is used throughout,
and the components are all standard parts that
should be obtainable readily in almost any loca-
tion. The circuit is straightforward and adjust-
ments are not particularly difficult.

Electrical and Mechanical Details

As is often the case with such equipment, the
circuit diagram, ¥Fig. 3, looks more complicated
than does the equipment itself, but if we take it
stage by stage we should not find it hard to fol-
low. The first 66 is used as a combination of
crystal oscillator and frequency doubler. The
first triode scction is a regenerative crystal oscilla-
tor of noncritical design, the regenerution being
added to insure cuick cryvstal starting and
adequate power output from the oscillutor sec-

Amplifier

Oscillator-

doutgler Tripler
\

\ Dbler
Oscillator b
sci .
tuning )

Amplifier

tuning
/ (UC4)

¢

Top view of the 2-
meter transmitter. 6J6
tubes arc used through-
out, the two in the out-
put stage being connect-
¢d in push-pull-parallel.

¢
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; L 250 V. D.C.
= B3V.AC.

Fig. 3 — Wiring diagram of the 2-meter r.f. unit.

Ci1 — 50-pufd. midget variable {Millen 20050).
Cz -~ I‘S-pptd midget variable (Millen 20015).

Cz, Cs4 — 6-pufd. butterfly-type variable (Cardwell
ER-6-BFS).
Cs, Co, Cro, Ci3 — 0.005-.fd. disc-type ceramic (Spragne

29C-4),
fl’x'-;tufd. ceramic or mica.
Cz, Cs — 47-ppfd. ceramic or mica.
Chiy Ciz — 3-30 putd. mica trimmer (Millen 40001-2).
R — 3300 ohms, 1 watt.
R2, Ra — 6800 nhms, 15 watt.
R4 — 2200 ohms, 1 watt,
Rs, Kr‘ — 33,000 ohms. 19 watt,
Ry — 2700 ohms, !4 watt.
R — 1000 ohms, 1 watt,
Ly - 18 turns B & W Miniductor No. 3003.
Lz — 3 turns of above. Li und L2 made from a single
coil — see¢ text and photograph.

-
at

tion.! The crystal is a 24-Me. harmonic-type
unit. Output is ecapacity coupled into the second
section, which acts as a doubler to 48 Me.

The second plate circuit is double-ended, per-
mitting the use of capacity coupling to the grids
of a second 6J6 operating as a push-pull tripler
to 144 Me. The output of the tripler is inductively
coupled to the grids of a pair of 6J6s connected
in push-pull-paruallel and operating as & neutral-
ized amplifier on 144 Me. A single 6J6 could be
used, but the arrangement shown gives some-
what more output and results in longer tube life
than would be the case if a single tube were used
and run at maximum ratings. Closed-circuit jacks
ure included in the cathode circuits of the tripler
and final stages and in the grid circuit of the final,
to permit metering these stages during the ad-
justment process. Note that J3 (final grid cur-
rent) is 7nsulated from the chassis by hakelite
washers. This is done to avoid the necessity for
reversing meter connections.

Looking at the front-view photograph we see
the erystal at the left, followed by the oscillator-

! For an explanation of the operation of the regenerative
crystal-oscillator circuit used, see ** V.H.F. Crystal Oscilla-
tors,” Sells, Nov., 1947, QST, p. 44.
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turns B & W WMiniduetor No,
tapped.

1.« — 3 turns ecach side of center tap, No. 11 cnamcl,
15-inch inside diamecter, turns spaced half wire
dlamctcr Leave 3% -mch space at center for Ls.

Ls — 3 turns No. 18 enamel, !4-inch diameter, spaced
wire diameter, ccnter-tapped.

L.s — One turn cach side of center, 7j-inch diameter,
No. 14 enamel. Teave %4-inch space at center
for Ls.

I.: — 2 turns No. 14 enamel,
wire diameter.

I, J2,J3 — Closed-circuit jack. (/2 insulated from chassix.)

Js — Antenna  terminal — crystal  sochet  (Millen
33102).

Py — (w-pmng retainer-ring plug \Amphonol 86-CP-0).

RFCi, RFCa — No. 21 enameled wire close-wound on

f-watt resistor, or Ohmite Z-111 r.f. choke.

Ls— 15 3003, center-

ig-inch diamcter, spaced

doubler, tripler, und final tubes, in that order.
The two knobs on the front wall of the chassis are
the controls for the oscillator and doubler plate
tuning condensers, 'y and Ca. The knobs on the
top of the chassis ure on the shafts of the tripler
plate condenser, C3, and the final tuning conden-
ser, (4. The jacks are spaced along the front wall,
and the antenna terminal (a standard crystal
socket) is at the far right. ldentification of the
components in the bottom view follows in the
same order, and the arrangement of the coils and
other smaller parts is fairly obvious.

Detailed layout drawings arc given so that the
constructor can make an exact duplicate if he
wishes to do so, provided he has parts that are
the same as those used in the original. Much of
the construction is not critical, however, and
parts that are not. mechanical duplicates of the
original ¢an be used with good results. Lead
lengths are important in the 144-Me. circuits,
however, and the general arrangement of the
parts in the tripler and final circuits should be
tfollowed closely. The chassis used is larger than
is really necessary, but it gives plenty of room to
worlk and results in u neat-looking and accessible
layout.
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Coil leads and other r.f.-carrying wires should
be as short and direct as possible. Other wiring
(power leads) may be arranged to suit one's
fancy. Ready-wound coils made from B & W
Miniductor are used for Lj, L2 and L3. The others
are wound by hand, of cnameled wire. L; and L»
are made from a single piece of Miniductor
having 23 turns, with about two inches left at
each end for leads. The wire is then cut at the
fourth turn in from the end, and one turn is un-
wound in each direction from the cut. This leaves
18 turns for Ly and 3 turns for Le, und takes care
of the proper spacing between the two windings.
T'his spacing is fairly eritical, as it controls the
amount of regeneration,! but the correct adjust-
ment is assured if the method of making L; and
Ly outlined above is followed.

Spacing between the tripler plate coil, La, and
the amplifier grid coil, Ls, i¢ also important, and
Ls should be mounted so that it may be moved
into or out of the space at the center of L4, as
explained in the adjustment procedure. The same
is true of Lg and L.

Variable condensers ('; and (/o are mounted on
half-inch spacers, to bring their terminals out
toward the middle of the chassis and reduce lead
length. The rotors are ungrounded, so cure should
be taken in mounting the condensers to see that
there is adequate clearance around the shufts.
Also, it should be noted in this connection that

knobs made of insulating material should be
used, as there is B-plus on the rotors. The butter-
fly-type variables used in the tripler and final
plate circuits have their rotors grounded to the
chassis.

Adjustment and Testing

The power supply to be used for testing the
transmitter unit should be capable of delivering
150 to 250 volts d.c. ut 100 ma. or more, and 6.3
volts a.c. at about 2 amperes. A power supply
capable of handling the transmitter, receiver and
modulator unit will be described in a subsequent
issue, but for test purposes nlmost anything that
delivers 250 volts or lese may be used. Initial
checks may be made with 150 volts without
worrying about harming the tubes if adjustments
are not made correctly, so it may be desirable to
connect a 2000-ohm [0-watt resistor in scries
with the plate supply, if 250 volts ig used. This
may be shorted out when the adjustments are
completed or when a check under full voltage is
desired.

Throughout the test procedure the 6J6 plates
should be watched closely for signgs of overheat-~
ing. If therc ie any tendency to show red on the
plates the eyuipment should be turned off at
once, as the 6J6s will not stand excessive plate
dissipation for long. Reduce the plate voltage,
if necessary, before continuing. This may be done

i Ra Cs Co Re ™y

R, | G
L ORRG

Under the chassir of the simple 2-meter transmitter. Components are spaced out for easy assembly and adjustment.
Two parts do not show in the photograph. They are Cs and Rs, out of sight under the doubler plate coil, La.

36

QST for




7}‘

\r ZD 4holes .

Iy D
aD—~_ "2 z
4 holes - —%;4 ., —q}— - O
A — 24 22— 2

y

“ig. 4 — layout drawing of the chassis for the 2.
meter transmitter. The large view is looking down at the
top of the chassis, with the front wall below and the rear
wall above.

by using a series resistor larger than 2000 ohms
in the power lead. Do not apply heuter and plate
voltages simultaneously; it will ruin the 6J6s in
short order. Be sure that the tubes are fully
warmed up before applying plate voltage.

Operation of the oscillator should be checked
first, and this may be done by applying plate
voltage to the first 6J6 scction only, at £y, dis-
connccting the other B-plus leads. Connect a
meter (0-50 or 0-100 ma.) in =series with I,
and rotate 'y with plate voltage applied. 1f the
oscillator works correctly there will be a dip in
plate current us the oscillator starts, with maxi-
mum output occurring near the point where the
current is lowest. If a calibrated receiver capable
of tuning to 24, 48 or 144 Mec. is available, listen
to the quality of the oscillator note with the re-
ceiver b.f.0. un. It should be a clear, musical note,
and the frequency should change only slightly as
('y is adjusted. If there is & continuous change
in frequency, or if the note is rough, the oscilla~
tion is probably not being controlled by the crys-
tal. There should be no trouble on this score if
the details given for layout and coil dimensions
are followed closely. Monitoring may be done
with the converter described in Part 1 of this
series.

The crystal should be for a frequency between
24 and 24.66 Mec., for operation between [44 and
148 Mec. Harmonie- or overtone-type crystals
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part mn the annual Simulated 1.

in this range are now available from most crystal
manufacturers. The one used in the original
model is a Valpey CM-5. Another is the Bliley
AX-3. These crystals, and recent products of
other manufacturers, are quite stable. Some har-
monic-type crystals made prior to 1948 may,
however, be rather unstable, particularly if the
erystal current is high. Otherwise they should
work about the same as the newer types in this
circuit.

Some sort of r.f. output indicator will be needed
from here on. The simplest is made by soldering
a one- or two-turn loop of insulated wire to the
terminals of a 2-volt 60-ma. pilot lamp. When
this loop is held close to a cireuit carrying r.f.
the lamp will glow. With 150 volts applied to the
stages in this trunsmitter it should be possible to
get some visible indication when the circuits are
properly tuned. With higher voltages care should
be used in coupling the loop to circuits, as the
60-ma. bulb can be burned out very quickly if
it is lighted to more than norma! brilliance.

Maximum output will also be nearly coinci-
dental with minimum plate current, but maxi-
mum grid current in the stage following the one
under test is the best indication. The pilot lamp
method may detune the stage somewhat so it is
usetul principally as a check to see if the stage is
working, rauther than as an exact indicator of
resonance. If a low-range milliammeter (0~10 ma.
or so) is available, it may be connected between
R3 and ground, to measure the grid current in
the second 6J6 triode section to check the tuning
of Cy.

When the oscillator is working properly, apply
plate voltage to the doubler, through R,, and
adjust Cs for maximum output as indicated in
the 6J6 tripler stage. This can be measured in J1,
if no plate voltage is applied to the stage through
RFCy. Next apply plate voltage to the tripler,
through the r.f. choke, and adjust C3 for maxi-
mum output, as indicated by the pilot lamp
coupled to Ly The bulb should glow brightly if
200 volts or more is used on the plates of the
tripler stage.

Now plug a milliammeter (0 to 10, or more)
into /o and check the grid current to the final
stage. Adjust the position of Ls with respect to
L4, retuning C3 carcfully each time the coupling
between these coils is changed. The position of
L5 will be found to be quite critical, and it should
be set at the point that gives maximum grid
current in the final stage, though the exact posi-
tion need not be found at this stuge of the
game.

Before plate voltage is applied to the tinal
stage, it must be neutralized. Because it is a
triode amplifier there is sufficient feed-back
through the grid-plate capucitance of the tubes
so that the stage will oscillate unless this grid-
plate feed-back is neutralized. So, we feed some
voltage of opposite phase back from plate to
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grid, through the neutralizing coudensers, ('j;
and Cra. These are the small mica or ceramice
trimmers that can be seen in the bottom-view
photograph, beiween the tube sockets and the
final tuning condenser.

If mica padders arc used, a3 in the original,
they should be screwed down tight and then
opened slowly, an equal amount on each side,
until turning 'y produces no chunge in grid cur-
rent as the circuit is tuned through resonance.
This check is made without plate voltage on the
final. If the stage is not correctly neutralized
there will be a sharp downward dip in the grid
current as resonance is reached. There may be
just a perceptible rise in grid current at reso-
nance, but there should be no downward dip
whatever.

When this condition is obtuained plate voltuge
may be applied and C4 tuned for maximum out-
put, as indicated by a laump connected across the
antenna terminals. Two short picces of wire can
be soldered to the terminals of a 10- or 15-watt
lamp, and this used as s dummy load by plugging
into Jy. With full voltage (250 volts) a 10-watt
lamp should show nearly full brilliance, and a
{5-watt bulb will glow a bright yellow.

Thus far we have purposely suid nothing about
the current values that should be obtained in the
various stages, as it has been assumed that the
tests outlined would be conducted with voltages
somewhat below normal, in the interest of safety,
in case some portion of the rig might not be work-
ing correctly. Now we are ready for a final ad-
justment, for normal operating conditions. A
maximum of 250 volts should be used for all
stages and the adjustments checked to sce that
they are at optimum ull the way along the line.
If everything is working correctly the readings
should be something like this: oscillator plate
current 12 ma., measured in series with fy;
doubler plate current 16 ma., measured in series
with Ry; tripler cathode current 30 ma., measured
in J1; final grid current 12 ma., meusured in Ja;
final cathode current 55 ma., meuasured in J3z. Of
this final eathode current, only 43 ma. (cathode
current minus grid current) is plate current, and
that figure multiplied by the plate voltage gives
the final-stage input. It should be around 10
watts, with the power supply to be described in
Part III, and not more thun 15 watts under any
condition. This is well within the ratings for the
6J6s, vet is enough power to have a lot of fun on
144 Mec. The output will be about equal to that
of most, war-surplus rigs that take a lot more
power supply, and the signal will be stable and
of good quality.

Better still, the unit we've just described is
fine for use as an exciter for another amplifier,
if you decide to go to higher powcr later on. With
200 volts or so on the plates, and a total drain of
less than 100 ma., the output will be more than
enough to drive an 829 amplifier capable of an
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input of 100 wutts or so. We will have found out
more about how trunsmitters operate than could
have been learned with a piece of converted sur-
plus, or a readv-made commercial rig, and we
won't huve wasted a penny when the time comes
to increase power later on.

l.et no one think that a rig of such power is
incapable of working out. During the Third An-
nual V.ILF, Sweepstakes the complete station (see
the composite photograph in Part 1) was given
an intensive workout by W1ICP, West Hariford.
Though only 2 temporary indoor folded-dipole
antenna was used, 33 stations were worked on
144 Me., with good reports being received at
distances of 40 miles or more.

BOOK REVIEW

Reference Data for Radio Engineers, third
edition, by members of the staff of the Federal
Telephone and Radio Corporation and as-
sociates, edited by F. J. Mann. 640 pages plus
index, 514 « 814 inches. Published 1949 by
the Federal Telephone and Radio Corp., 67
Broad St., New Yark 4, N. Y. Price $3.00.

The new wdition of Reference Data has almost exactly
twice the numnber of pages contained in its predccessor —
a fact which, as much as anything could, indicates the
wealth of new material that has been added. There is bardly
a subject that has not had its share of revision and expan-
sion. Of those treated in earlier editions, the most compre-
hensive changee have heen made to the sections on tran-
sient phenomena, wlectric filters, iron-core transformer
design, vacuum tubes, amplifier and oseillator circuits for
special purposeg such as differentiation, integration, and
generation of nonsinusoidal waveshapes, waveform analysis,
rransmission lines and wave guides, clectroacousties (in
preceding editions only room acousties were treated) and
the sevtion on mathematical formulas,

New subjects introduced in this edition include chapters
on bridges and impedance messurements, radar, broad-
custing (standards and coverage data), servomechanisms,
and Maxwell's equations. In the course of editorial rear-
rangement of the book a2 new chapter also has been added
on modulation, combining and enlarging material formerly
scattered through the book. There is also a new chapter on
radio noise, a much eularged treatment over that formerly
included in the ** propagation and noise’’ chapter.

This recital of the changes in the new edition almost,
but not quite, gives those who are not familiar with the
preceding editions an idea of the complete contents. The
subjects not singled out above include much useful informa-
tion on materials used in radio, general physical data, cir-
cuits, wire transmission and the like.

The ‘‘Federal Handbook,” ax it is often called, is 2
unique publication in the technical radio ficld. Not a hand-
hook in the usual sense, it is exactly what its title implies —
a collection of all sorts of data and formulas that are con-
stantly neceded by those engaged professionally in radio.
Although the hook is intended primarily for engincers,
amuteurs will find a great deal of data in it that will be
directly useful. Maxwell's equations and the color code
may be worlds apart, but Reference Data encompasses both
extremes. — G, G.
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Happenin

the Month

DOCKET 9298

As this department goes to press, the latest
developments in Docket 9295 are the filing of
comments by interested parties on the Commis-
sion’s modified proposals of last November.

The text of ARRL’s filing appears on the
editorial page of this issue. Both the ‘“National
Amateur Radio Council” and ‘‘Society of Amer-
ican Radio Amateurs” also filed comment, in
each case abandoning at least in part the recom-
mendations they supported at the October con-
ference. SARA’s brief comment “strongly and
enthusiastically endorses the philosophy and
detail” embodied in FCC’s proposals, stating
that such proposals, if carried into the rules,
would provide the first tangible postwar progress
in a “dormant and moribund!¥ service” (that’s
our amateur radio they’re talking about, gang!);
they suggest that FCC now simply announce a
decision without any further proceedings, which
they think unnccessary, but say that if any
formal hearing should be held they want to be a
party. NARC's tiling, after pirating some of the
language in the ARRL’s original July filing for
its introduction, devotes most of the remainder
of its six-page document to an attack on the
League; aside from this, it expresses itself “in
general agreement with the broad outline of the
philosophy of regulation” of FCC, states it finds
the “petulant’’ action of the League’s Board in
opposing such a philosophy to be “unwarranted,
unreasonable, harmful and arbitrary’; it thinks
a full formal hearing should be held, and asks for
it; it comments on FCC’s other proposals only in
a concluding paragraph which states it has no
position on the Amateur Extra Class license and
o suggests that the Commission poll each ama-
teur licensee un that question and on acceptance
of §12.0.

1 Moribund: In a dying state; near death.— W ebster.

Flown in from all sectione of the country for a surprise
broadcast, fricnds and kin of Robert Gunderson,
W2J10, participated in a tribute to him and to amateur
radio on the Philip Morris program, “This Is Your
Life,”” aired over NBC on January Ath. In foreground:
MC Ralph Edwards, Bob, and his mother. In rear:
Martin Bannister, W6CDY, of FCC’s los Angeles
office; Bob’s wife, Lillian; Joe Grumick of Alamogordo,
N,M.: W. C. Ommen, W6STX; Don Wallace, W6AM:
and Mrs. Alvina Gunther of Louisville, who paid par-
ticular tribute to amateur work in the 1937 Ohio River
floods. ARRL Communications Manager Handy added
his commendation via tape recording. Born without
sight, and now an instructor for the blind as well as an
inventor in the electronic ficld, Bob can now realize
one lifelong ambition — the program sponsor is fi-
nancing the first edition of his proposed new magazine
for the blind: the Braille Technical Press.
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ROANOKE SPECIAL ELECTION

Responsive to call for nominations in Decem-
ber and January ST, members in the Roanoke
Division have named three candidates to fill the
alternate director vacancy for the term expiring
at the end of the year: Gus Browning, W4BPD,
Victor Clark, W4KFC, and Walter Walker,
W4AKN. Balloting is now in progress; ballots
must be returned to Hq. for counting before
noon of March 20th.

F.C.C. DISCIPLINARY ACTIONS

Several recent actions of FCC in amateur mat-
ters give adequate cvidence of the extent to
which the Commission carefully carries out and
enforces the requirements in its rules.

The amateur operator license of (ieorge B.
Ellis, W5NAYV, El Paso, Texas, was suspended
for eighteen months, after it was shown that
Ellis had appeared before an FCC examiner and
taken a Class B exam in the name of u friend.

An application by John B. Moreno, Los An-
geles, for an amateur operator license was denied
after it was determined that Moreno had been
operating on amateur bands without a license
and persisted in doing so even after receiving a
warning from FCC monitors.

In an initial decision (i.e., subject. to appeal),
the Commission suspended the amateur operator
license of William R. Fuller, Little Rock, Ark..
for operating on the 75-meter radiotelephone
band with only a Class B license.

420-MC. SHARING

The amateur band 420—150 Me. is temporarily
shared with aircraft altimeters under an FCC
rule due to expire February 15th. Because new
equipment for a higher band is not vet ready,
FCC now plans to extend the sharing arrange-
ment until 1953, including the 50-watt peak an-
tenna power limitation on amateurs.




Calibrating a BC-221 Frequency Meter

How To Use Harmonics for Freqmeter Calibration

BY BEVERLY DUDLEY *

available as war-surplus material, probably

offer the amateur the best value in a precise
frequency meter he has ever had. Provided they
are in good condition when purchased and are,
of course, supplied with proper calibration book
and accurate 1000-ke. crystal, these instruments
can provide exceedingly precise frequency meas-
urements in the hands of a careful and skilled
operator. In the past, most BC-221 frequency
meters were available as complete units, but of
late some meters are being advertised without
calibration books and crystals. With a little ex-
pense and some careful effort, such incomplete
equipment will serve the amateur exceedingly
well if the meter is otherwise in good electrical
and mechanical condition, since the instrument
contains means for providing its own calibration.

It is recommended that the user of such a me-
ter obtain a copy of the War Department’s tech-
nical manual, TM11-300, entitled Frequency
Meter Sets, SCR-211, with supplements, available
from the (fovernment Printing Office, Washing-
ton, D. C. This booklet describes the different
models of these heterodyne frequency meters in
detail, and includes data on the proper operation
and maintenance of these instruments.

As usually purchased, BC-221 frequency meters
have no batteries or other power supply. The
convenience of these instruments is greatly in-
creased by building a suitable power supply in
the lower compartment so that the meter may be
operated from the 115-volt a.c. line. The usual
transformer-and-rectifier arrangements, supply-
ing 6.3 volts at about 1 ampere and 150 volts at
about 25 milliamperes, will be ample. It is recom~
mended that the plate supply be regulated by us-
ing a VR-150. With such regulation the frequency
will probably not vary more than a few cycles at
most, even during its initial warm-up. With
battery supply these instruments are designed
to have no more than 100 cycles change during
warm-up and no more than 325 cycles change for a
10 per cent change in the supply voltage.

The success of the BC-221 frequency meters
depends upon (1) a precisely-adjusted 1000-ke.
crystal in the crystal-controlled oscillator and
(2) an extensive and highly-accurate calibration
of the variable, or interpolating, oscillator. A
frequency meter lacking these two units can still
be turned to good account, however, if it is other-

THE BC-221 heterodyne frequency meters,

%22 Temple Street, Belmont 78, Mass,
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wise in good condition, by supplying the instru-
ment with its own quartz crystal and using har-
monics of the crystal-controlled and interpolating
oscillators to calibrate the instrument.

The 1000-Kc. Crystal

Originally the BC-221 frequency meters were
supplied with a 1000-ke. crystal with octal socket
and mounting resembling a metal tube (DC-9
mounting). However, other 1000-kec. crystals will
make quite satisfactory substitutes. When FT-
243 mountings are used it may be necessary to
provide a jumper connection between certain
socket terminals. The fixed oscillator should be
adjusted precisely to 1000 ke. by beating its ap-
propriate harmonic with the standard-frequency
signals from WWYV, after the instrument has had
an initial warm-up of at least 10 minutes. The
crystal frequency can be varied by screwdriver
adjustment of the small adjustable capacitor

]

Input
No.{

+I50

Fig. 1 — A visual zero-heat indicator circuit.
C1, G2 — 0.1-xfd. paper.
Ri, R2 — 0.5-megohm volume control.
Rs, R4 — 0.22 megohm.
Rs — 1.0 megohm,

located near the crystal. Ordinarily this adjust-
ment ¢annot be made with the frequency meter
in its cabinet, but making a flexible cable to sup-
ply power from the power-supply unit to the
frequency meter will permit working on the unit
when it is removed from the case.

It is well to note the temperature at which this
adjustment is made, for changes in temperature
can cause slight deviations from the standard
frequency. The careful operator may wish to
mount a thermometer on the front panel of the
frequency meter, since a change of 5° C may
cause an error of as much as 325 cycles.

For making precise zero-beat determinations, a
6E5 zero-beat visual indicator will be found use-

QST for



ful. Aural indications by means of a headset or
loudspeaker are usually possible even to very
low audio frequencies, but the visual indicator
has definite advantages for beats of 5 per second
and less. The circuit for a suitable beat indicator
is shown in Fig. 1.

The VFO

The calibration of the variable-frequency os-
cillator, as given in the calibration chart book,
may be relied upon to be accurate to within 500
cycles, provided the instrument has reached
thermal equilibrium after a 10-minute warm-up
and provided also that adjustment of the variable-
frequency oscillator is checked and adjusted to
zero beat against the (precisely-adjusted) crystal
oscillator at the nearest crystal check point.
Such adjustment should be made before each fre-
quency.. measurement. The frequency of the
variable-frequency oscillator is brought to its
proper value by turning the “Corrector’’ knob
for zero beat, with the variable oscillator set to
the dial reading corresponding to the crystal
check point, as given in the calibration table.

Although the “Corrector”” knob can usually be
set without difficulty to obtain a very low-fre-
quency beat, it is difficult to get and maintain a
true zero beat with the bar knob usually supplied.
A gear-reduction unit attached to the corrector
shaft and driven by a large, circular knob will
facilitate zero-beat adjustments.

Calibration .

Assuming the crystal-controlled oscillator is
adjusted exactly to 1000 kc., the precision of the
BC-221 depends upon the accuracy of calibra-
tion. The calibration supplied with the instru-
ment can be checked, or a completely new cali-
bration can be made (if the instrument is not
provided with a calibration chart) by making use
of harmonics- of the crystal-controlled and inter-
polating oscillators. The procedure is essentially
the same in either case, so it will be described for
the more difficult case of providing a completely
new calibration. Blank calibration books (MC-
177) have been available as surplus material and
the use of such a book, if available, is more con-
venient than a homemade table or graph, al-
though the latter is quite adequate if carefully
made.

A zero beat will be found for those conditions
for which

nva = nofo
where ny = the order of the harmonic of the
variable-frequency oscillator,

ne = the order of the harmonic of the
crystal-controlled oscillator,
fv = the fundamental frequency of the
variable-frequency oscillator, and
fo = the fundamental frequency of the
crystal oscillator.
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Thus the frequency of the variable, or inter-
polating, oscillator is

To
fv = fc ;i;

Since fe = 1000 ke., it follows that
fv = 1000 no/ny

where f, is expressed in ke, Thus it is possible to
determine precisely the value of f; every time a
zero beat is heard in the headset for, under these
conditions, n, and n, will both have integral

* values. The difficulty, of course, with this pro-

cedure is primarily that of determining the
integral values for n, and nv for those dial settings
where zero beats are obtained. The difficulty is
not by any means insurmountable, however, so
long as the problem is tackled systematically and
the work carefully carried out.

The lower-order harmonics (those for which 7.
and n, are small integers) will produce the loud-
est beat notes and this fact facilitates the original
rough calibration. First make an approximate fre-
quency calibration for each range, on suitable
graph paper. Since the dials of the BC-221 meters
have 5000 units (and may be read to 0.1 unit) the
abscissa (horizontal scale) should, preferably, be
marked in multiples or submultiples of 5000 units.
The ordinate (vertical scale) should be scaled to
cover 125 to 250 ke. and 2000 to 4000 ke., the
two fundamental ranges.

Let the instrument warm up for about ten
minutes and check the crystal oscillator against
WWYV. Then, beginning with the dial set at
0000.0, sweep through the frequency band, noting
precisely the dial settings each time a zero beat is
obtained. At first, only loud beats should be used.
Try to locate about a dozen strong beats more or
less uniformly distributed between 0100.0 and
4900.0 on the dial. To assist the reader the fol-
lowing table is given for both frequency bands,
showing the approximate dial setting for the
loudest beat notes. The frequencies given are
those whose harmonics are likely to produce the
loudest sounds, but the dial settings as given
here should be used merely as a guide in identify-
ing the proper harmonic. The approximate cali-
bration, then, should be something like this:

Low-Frequency Band High-Frequency Band

Approzx Approz.

Frequency Dial Frequency Dial
in Kec. Setting in Ke, Setting
125.000 0200.0 2000.000 0200.0
133.333 0530.0 2166.667 0600.0
142.857 0900.0 2250.000 0800.0
153.857 1300.0 2333.333 1000.0
166.667 1800.0 2500.000 1400.0
176.471 2150.0 2666.667 1800.0
181.818 2350.0 2750.000 2000.0
200.000 3000.0 2800.000 2100.0
214.286 3480.0 3000.000 2500.0
222.222 3750.0 3250.000 3100.0
230.769 4050.0 3333.333 3250.0
250.000 4700.0 3500.000 3600.0
3666.667 4000.0
3750.000 4150.0
4000.000 4700.0




The frequencies given here represent the
lowest-order harmonics and the beat notes near
these frequencies should be fairly strong on any
instrument. The frequencics presented are cal-
culated to the nearest cycle, but such precision is
not required in making the preliminary or ap-
proximate calibration. These frequencies, and the
corresponding dial settings (those actually deter-
mined on any instrument, not the rough settings
indicated earlier) should then be plotted on fairly
large graph paper. The resultant curves should be
similar to those given on page 14, War Dept.
technical manual TM11-300. Once this graph is
constructed, an approximate calibration is avail-
able for any fundamental frequency within the
range of the meter. The corrector knob should be
at, or very near, the center of its scale when the
data are taken.

With an approximate calibration, as deter-
mined above, the meter should be calibrated more
precisely using other and additional beat notes
not previously used for calibration. Until the
meter is quite accurately calibrated throughout
its full range, only the stronger beat notes should
be used. Usually there will not be much difficulty
in hearing the beat notes or in determining the
zero beat. The problem is rather one of determin-
ing the order of the harmonics of the two oscil-
lators, in any particular case. Unfortunately this
is pretty much a matter of trial-and-error. How-
ever, the lower-order harmonics (2nd, 3rd, 4th,
5th, ete.) will produce much louder beut notes
than the higher-order harmonics (15th, 23rd,
38th, etc.) and they are more widely distributed
throughout the dial readings; it is not difficult,
therefore, to determine these settings once an
approximate calibration is at hand. In fact, for
the lower-order harmonics, the proper harmonics
of the two beating oscillators can often be found
with the use of a slide rule when the approximate
frequency is known. This is done by setting the
index (sliding scale) to the approximate fre-
quency at which zero beat occurs (stationary
scale). Then, on these same two scales, note
which set of integers cuincides. An example should
help clarify the procedure.

Suppose, for example, that the zero for a loud
beat occurs when the variable-frequency os-
cillator is sct at about 3670 ke. Set the index (1)
of the C scale of the slide rule opposite 3670 on
the D scale. Then, with the sliding glass, run over
the C and D scales until a low-order integer (small
whole number) on one scale coincides (or neurly
coincides) with an integer on the other scale. For
the case in question this occurs when 3 on the C
scale is very nearly opposite 11 on the D scale.
Hence, the third harmonic of the variable-fre-
quency oscillator is beating with the 11th har-
monic of the crystal oscillator. Using equation
(2), we find the exact frequency at which zero
beat occurs to be

fv = (1000 X 11)/3 = 3666.667 kc.
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instead of 3670 ke. as given by the approximate
valibration.

Using the technique outlined above, the author
has checked the calibration of two BC-221 fre-
quency meters. One of these was an early model
in which only the lower-order harmonics could be
easily heard, but the other was a later model in
which check points up to the 10th harmonic of
the crystal oscillator for the low-frequency range,
and up to ut least the 16th harmonic of the vari-
able-frequency oscillator for the high-frequency
range, were identified. This provides about 125
check points for the low-frequency range and
about 200 check points for the high-frequency
range, all highly accurate.

On the basis of such work, two tables are
attached that should assist amgteursin the calibra-
tion of their instruments, or should aid in check-
ing the calibration. Table I gives the exact fre-
quency and the harmonic ratios for a variety of
check points in both high- and low-frequency

TABLE I
Frequencies and Harmonic Ratios for High- and Low-
Frequency Bands of the BC-221 Frequency Meter
Low-Frequency Band High-Frequency Band
Frequency Crystal VFO Frequency  Crystal VFO
in Ke. Har- Har-  in Ke. Harmonic Har-
monic monic monic
125.000 1 8 2000.000 2 1
133.333 2 15 2066.687 31 15
136.364 3 23 . 2142.857 15 7
142.857 1 7 2166.667 13 [
148.148 4 27 2200.000 11 5
153 846 2 13 2250.000 9 4
157.895 3 9 2333.333 7 3
160.000 4 25 2375.000 19 8
166 .667 1 6 2100.000 12 5
173.913 4 23 2454.545 27 11
176.471 3 17 2500.000 5 2
181.818 2 1 2571.428 13 7
187.500 3 16 2600.000 13 5
190.476 4 21 2666.667 8 3
195.122 & 41 2714.286 19 7
£00.000 1 5 2750.000 11 4
208.333 5 24 2300.000 14 5
214.286 3 14 2857.143 20 7
217.391 5 23 2909.091 32 133
222,222 2 9 2950.000 59 20
207.273 5 2 3000.000 3 I
230,769 3 13 3076.154 40 13
235,294 4 17 3125.000 25 S
240.000 5 25 3166.667 19 [}
250,000 i 4 3200.000 18 5
3250.000 13 4
3333.333 10 3
3375.000 27 8
3400.000 17 3
3454.545 38 11
3500.000 7 2
3571.429 25 7
3600.000 18 5
3666.667 11 3
3714.286 26 7
3750.000 15 4
3800.000 19 5
3857.143 27 v
3900.000 39 10
4000.000 4 1
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TABLE II
Calibration Check Points in the Amateur Bands for
Harmonics up to the 20th of the Interpolation Oscillatar
of the BC-221 Heterodyne Frequency Meter
Frequency Crystal VFO  Frequency Crystal VFO
in Kec. Har- Har- in Ke. Har- Harmonic
monic monic monic

3500.000 7 2 3750.000 15 4
3526.316 67 19 3764.706 64 17
3529.412 ° 60 17 3769.231 49 13
3533.333 53 15 3777.778 34 9
3545.45¢ 34 {1 3785.714 54 4
3546.15¢ 46 13 3789.421 72 19
3550.000 7 20 3%00.000 19 5
3555.555 32 9 3812.500 61 16
3562.500 57 16 3818.182 42 8
3571.428 25 7 3x23.529 65 17
3578.632 68 19 3833.333 23 [}
3583.333 13 12 3842.105 73 9
3588.235 61 17 3846154 50 13
3600.000 18 5 3%50.000 77 20
3611.111 65 IR 3857.143 27 7
3615.387 47 13 3864, 667 5% 15
3625.000 29 8  3875.000 31 8
3631.579 69 19  3882.362 66 17
3636.364 40 1 3858889 35 9
3642.857 51 14 3894.738 74 19
3647.059 62 17 3900.000 39 10
3650.000 73 20 3909.091 43 e
3666.667 11 3 3916.667 17 12
3684.210 19 7 3923.769 51 13
3687.500 59 18 3928.571 55 14
3692.308 48 13 3933.333 59 15
3700.000 37 10  3937.500 63 164
3705.882 63 17 3941.177 67 17
3714.286 26 7 3%44414 71 18
3722.222 67 18 3947.368 75 149
3727.273 47 11 3950.000 79 20
3733.333 56 15 4000.000 4 t
3736.842 71 19

ranges. T'he exact frequency values sclected are,
so far as possible, those for which zero beats are
produced by low-order harmonics. Also, they
have been chosen with such frequency intervals
that one check point is provided for each list of
frequencies given on a different page of the usual
calibration books.

'The second table should be purticularly useful
to radio amateurs, since it contains all check
points (up to the 20th harmonic of the variable-
frequency oscillator) for the range between 3500
and 4000 ke. In addition to the exact frequency
(to nearest cycle) the order of harmonics of the
two oscillators is also given, since such informa-~
tion is useful in ascertaining, approximately, the
intensity of the different beat notes.

In most calibration books, the standard check
points between 3.5 and 4.0 Me. are given as:
3500, 3667, 3750, and 4000 kc. Between these
standard values, the most useful intermediate
check points occur at 3600, 3714, and 3857 kc.
(Table I). Other useful intermediate check fre-
quencies (selected for approximate uniform dis-
tribution throughout the 3.5-4.0-Mc. range, as
well as for low harmonic order) are the following:

March 1950

‘Aar harmnning (those for whirh n.

3533 3688 3800
3555 3700 3833
3571 3727 3875
3615° 3733 3889
3625 3769 3900
3636 3778 3929

as listed in Table II.

In addition to these check frequencies, the fol-
lowing check points may be of interest to ama-
teurs because they (or their harmonics) occur at
or near the edges of some amateur bands:

3500 3578.6 3850
3550 3600 3900
3562.5 3650 4000

Beats for some of these frequencies may be weak
and, on some instruments, unidentifiable.

The BC-221 or other frequency meter may, of
course, be calibrated by means of a standard-
trequency crystal-controlled oseillutor and har-
mouic generator, or by means of another cali-
brated variable-frequency oscillator. However,
these methods require additional equipment. The
purpose here is to explain a method by which the
BC-221 meter may be used to provide its own
calibration.

G- Strays "

New Key for Hot Man

Tex Beneke, well-known tenor man who took over
the furmer Glenn Miller band, has passed the amatcur
exam and ix now W2CKD. Tex says FCC made him
give an encore before they would i issue him a ticket.

“That’s one time you can’t improvise,” he added. “Yon
copy it the way it’s sent or vou’re not solid.” Now,
\when he’s not fingering the keys on his horn he’s push-
ing the key in his dressing room, operating the ten-
meter rig in his car, or working somcone from home.
Swing your heam, gang, and get in the groove for a
(SO with a new ham, W2CKD, New York. - { Photo
courtesy Samuel Schicartz, Philadelphia)
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the Air
STDEBAND

SOME of the European stations aren’t letting
any grass grow under their feet in the single-
sideband field, and the next few months should
see a number of trans-Atlantic s.s.b. QSOs. The
first station on in Denmark is OZ7T, Steen Has-
selbalch of Hellerup. Steen operates between 3.7
and 3.8 Me., with occasional excursions into the
14-Mec. band. The transmitter uses audio and r.f.
phase-shift networks similar to the W2UNJ
exciter, but balanced modulators are not used.
Instead, a pair of grid-modulated 6SJ7s is used
to generate s.s.b. with carrier, and the carrier is
then balanced out by introducing equal-and-
opposite carrier through a third 6SJ7. The re-
sultant s.s.b.-suppressed-carrier signal is ampli-
fied by an EBL21 (similar to a 61.6). Steen got
across the pond with the rig in early December,
when he worked VO3X on 80 meters. It is re-
ported that OZ7BO and OZ7HB are building
s.s.b: transmitters.

In Bjornstorp, Sweden, Thure-(iabriel Gyllen-
krok has had a phasing rig on at SM7HZ since
mid-1948. It ends up with a pair of T40s running
200 watts peak, and skeds with OZ7T are kept
every Tuesday at 2000 GCT on 3720 kc. The
receiver is an SX-42 with a homemade version of
the YRS-1 adapter. About the adapter he says,
“That’s about the best thing I have ever built.”
His friend SM7PP built a receiving adapter using
1N34s in the balanced demodulator, with a Dome
network for the audio shift, all on a 4 X 5
X 2-inch chassis. Summing up bis experiences,
SM7HZ says about s.s.b.: “No QRM or QSB
can hurt your signal, but they won’t believe you
when you tell them to turn on the beat oscilla-
tor!”

Another one in Sweden is SMSQV Ciunnar
Petersson in Stockholm. His rig is a phasing job
with 6SJ7s and ending with an 807. Peak input
on 80 or 20 runs around 50 watts.

If you read the English Short Wave Magazine
you already know that G2NX, H. C. Woodhead
of Salop, is active in G-land. He has had a series
of articles describing his equipment and the
general principles of s.s.b. His rig is unusual in
that it uses a crystal filter at 5.6 Mec. to eliminate
the unwanted sideband. The filter uses two
crystals collected from BC-733s, and it took
quite a bit of search to find two close enough
together in frequency. The transmitter runs 20
to 40 db. sideband suppression over the speech
passband of 2300 cycles, and the peak power on
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80 meters runs 90 watts. He can be found any-
where between 3.6 and 3.73 Me. from 1900 to
4300 GCT, with 3.73 Me. the usual frequency.
His first SO with OZ7T was in December.

The fitst on in France is A. Claudet, F8AJ at
Orly. The rig is similar to the W2UNJ design,
using 1619s for the balanced modulators, with
dfive furnished by a 6AG7 crystal oscillator. Al-
though the output is low (2 ot 3 watts), locals
teport the algnal equivalent to that ftom the
20-watt d.m. rig. It took careful selection of the
1619s to get good carrier suppression, and the
r.f. phase balance was a bit tricky, but this might
be expected on 14 Me. Operating frequencies are
14,346 and 14,300 ke., with most of the activity
on Sundays. F8AJ says, “The stuff is awfully
exciting, and I don’t remember enjoying such a
thrill since my first CQ in 1927.”

In Cape Town, H. G. Manchip has ZS1KC on
20-meter s.8.b,, running 50 watts to an 807. A
filter rig is used, #nd a fixed beam headed NNW
gives the signals a good chance of getting over
here and giving the gang its first crack at a two-
way s.8.b. contact with Africa.

When Dave Mann, W3MBY, built his first
tilter rig back in 1948, “Butch’ Mason, W3IMGG,
built one too, and together they explored some
of the possibilities of s.8.b. on 20 and 75. When
they finished PG school at Annapolis in mid-
1949, Dave went to Washington, D. (., and
Butch took his rig and his 214 stripes to Southern
(alifornia, where he got his old call of W6KAG.
It secmed like a good chance to see what s.s.b.
could do over a long-haul path, and they started
14-Mec. schedules in late Qctober. Since then
they have had more than twenty solid QSOs that
average an hour or more (some have lasted two).
Analysis shows that three factors determine the
length of QSO: “(1) The band folds up. (2) A
wife decides it is long past bedtime on the East
Coast or long past dinnertime on the West
Coast. (3) Everything to be said has been said
and then some.” The output stage at W6KAG
is the 813 in a Meissner 150B, running 400 watts
on peaks, and the antenna is a Twin-Lead W8JK
40 feet high. The receiver is a BC-348Q into a
BC-453 into a balanced detector (pair of 6L7s)
fed by a 6J5 oscillator switchable to either 83.5
or 86.5 kc., followed by a Selectoject. The re-
ceiver does a good job of making all ’phone
signals s.s.b., and it does a beautiful job on s.8.b.-
suppressed-carrier signals. Butch says KH6CT
has a YRS-1 adapter that he swears by and is
planning a phasing rig, while KH60R is busy
collecting filter components for his new job.
As one last comment on the long-haul skeds,
W6KAG says it is amazing how weak an s.s.b.
signal can get and still be solid copy. He and
W3MBY often wind up their QSOs and find
that the band is dead and has been for some
time.

(Continued on page 108)
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DECEMBER CALENDAR

Chronicling I.A.R.U. affairs during 1949, the
December Calendar reports the addition of two
iamateur societies to Union membership; the
Union de Radio Aficionados Espanola (U.R.E.)
‘was reinstated after a lapse of membership during
the war years, and the Liga Panamena de Radio
Aficionados (L.P.R.A.) was granted new member-
ship. Membership in the I.A.R.U. now totals 40,
and thus represents nearly 120,000 amateurs on
all continents.

During 1949 the Headquarters issued 1030
WAC certificates, 397 of these being for work ex-
clusively on radiotelephony. These figures com-
pare with an issuance of 1112 certificates during
the previous year.

As a result of voting during the latter half of
the year, members of the Union have agreed to
give consideration to a universal numbering sys-
tem for DX contests and to a universal phonetic
alphabet for radiotelephony use.

Other matters covered by the 1.A.R.U. Calen-
dar included the I.A.R.U. Paris Congress (see
below), international amateur communications
{see Dec., 1949, QST, p. 30), the Radio Club
Argentino trophy (sce Oct., 1949, QST, p. 10),
and the Voice of America broadcasts (see Jan.,
1950, QST, p. 29).

LA.R.U. CONGRESS

Tentative plans are being formulated by the
R.E.F. for an I.A.R.U. Congress to be held in
conjunction with the Paris Fair in May. The
purpose of the Congress is to celebrate the 25th
anniversary of the founding of the I.A.R.U. and
to discuss matters of mutual interest. Several
societies are already making plans to send dele-
gates.

BRAZIL'S WAA AWARD

The Liga de Amadores Brasileiros de Radio
Emissao has instituted an award known as the
WAA — “Worked All'America.” It will be issued
to any amateur who can submit proof of contact

L4

Reported elsewhere on this page is the readmission of
the Union de Radio Aficionados Espanola to member-
ship in the ILA.R.U. This group comprises U.R.E.’s
governing board. L. to r,, sitting: EATBZ, EAAFC (vice-
pres.), EA4AD (pres.), EASBE, EA4LQ; standing:
EA4BYV, EA4LA, EAIAVW, EA7TAV.
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with 45 or more countries in the American area.
Confirmations must be forwarded directly by
registered mail to L.A.B.R.E. Headquarters,
P.O. Box 2353, Rio de Janeiro, Brazil, with suffi-
cient postage for their return.

The various rules providing that contacts must
be only with ‘“land”’ stations, all QSOs from same
call area, all QSOs postwar, etc., are quite similar
to DXCC requirements. A minimum readability
report of 3 and a minimum tone report of 8 are
necessary.

ARRL’s official Couniry List (see p. 40, Feb.,
1950, QST) shows 57 countries in the American
area, which includes the continents of North and
South America.

SOUTH AMERICA

The Primer Concurso Bolivariano de Radio-
Aficionados, sponsored by The Radio Club
Peruano last May, was a contest between hams
in South American countries that owe their na~-
tional independence to Simon Bolivar. High
score was submitted by HP1LA, who was re-
warded with a handsome silver cup. First-place
winners in their respective countries were
YV5ABQ, 0A4AO0, HK4JO, HP1HB, HC2AF
and CP1AY. Second-place winners were YV5AU,
OA4AV, HPILB, HK6JH, HC2GRC and
CPLJK. It is expecied that the Concurso Boli-
variano will be held annually.

QSL BUREAU CHANGES
The last complete listing of foreign QSL bu-
reaus was contained on page 61 of Dec., 1949,
QST. The following changes to that list are noted:
Belgian Congo: U.C.A.R., P.O. Box 271, Leo-
poldville
Roumania: A.A.U.S.R., Box 95, Bucharest
Venezuela: R.C.V., P.O. Box 2285, Caracas

NEW ZEALAND DX CONTEST
To celebrate the centennial of the province of
Canterbury in New Zealand, the N.Z.A.R.T. is

sponsoring the Canterbury Centennial DX Con-~
(Continued on page 110)




o Jochnical Jopics —

“Clamp-Tube Modulation”

NONG the various topics of discussion in the
'phone bands these days is the possibility of
using the screen-circuit “clamp tube’ to modu-
late an amplifier. It is a convenient method for
some transmitters and is well worth digging into.

The “clamp-tube’’ circuit, shown in Fig. 1, is
usually incorporated in a screen-grid amplifier
stage to avoid the necessity for protective con-
trol-grid bias. With no excitation to the stage,
the clamp tube draws current- through the screen

AMPLIFIER
Excitation

S

Fig. 1 —-The clamp-tube circuit eliminates the need
for protective fixed bias in a screen-grid amplifier by
reducing the screen voltage when there is no excitation.

resistor, R, and drops the screen voltage fo a
low value. This in turn holds the plate current
down to a reasonable level. When excitation is
applied, the clamp tube is cut off by the bias
developed across the grid leak, Rz, and the screen
voltage rises to its normal value. Obviously the
clamp tube at zero grid volts must be capable of
handling more current than is drawn by the
screen of the amplifier under normal conditions,
and the most popular clamp tubes are the 6Y6
and the 6L6, triode-connected. The.choice of
tube depends upon the screen current and the
normally developed grid bias of the amplifier —
the bias must be enough to cut off the clamp tube.
The 616 is good for a pair of 807s, and the 6Y6
is more often used with larger tubes.

A screen-grid amplifier can be modulated in
the screen circuit, of course, by varying the screen
voltage, and the method has been kicked around
since the first tetrode was introduced. As a first
approximation you would set the screen voltage
at half its normal value and swing it about this
point. With a perfectly-linear screen character-
istic (and complete cut-off at 0 volts), 100 per
cent modulation would be obtained when the
voltage swing on the screen was from 0 to normal
operating value. Screen-grid tubes aren’t this
ideal, however, but some aren’t too bad. Most
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screen-modulated amplifiers have used a trans-
former in the screen lead, but it can also be done
quite handily with the clamp tube, with no
modulation transformer.

A practical circuit is shown in Fig, 2. 1t differs
from Fig. 1 only in the addition of a bias source
for the clamp tube, an extra dropping resistor
and audio by-pass condenser and, of course, the
source of audio signal (speech-amplifier output).
Some may wonder at the need for the dropping
resistor, 3, and the audio by-pass, C, but it will
be obvious to anyone who recalls the old days of
Heising modulation and the need for a dropping
resistor from the modulator tube to the r.f.
amplifier, if full modulation was to be obtained.
The circuit under discussion is the same thing
slightly disguised — the clamp tube is the Class
A modulator tube, the amplifier screen circuit is
the load, and the audio impedance is K; instead
of the familiar choke coil. The dropping resistor,
R3 (by-passed for audio by C1), allows the modu-
lator tube to operate at a higher voltage than the
screen and thus maintain linearity over the re-
quired voltage range.

Don't let all this big talk frighten you, how-
ever — the thing is easy to set up. Assuming that
vou have an 807 amplifier using a clamp tube,
first make a note of the normal plate current and
screen voltage. Then add a cathode bias resistor
and condenser to the clamp tube and the other
components shown in Fig. 2. The voltage between
cathode and plate of the clamp tube should be 20
or 30 volts higher than the normal amplifier
screen voltage, and can be adjusted by changing
the value of Rs. The voltage between the ampli-

AMPLIFIER

Excitation

Fig. 2 — The clamp tube can be used to screen-modu-
late the amplifier stage. Component values for an 807
amplifier are given in Fig. 3.
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]
63V. +300

To amp.
end leak

To amp.
screens

{Amp. plate
supply)

S, in 'phone position

Fig. 3 — Circuit for screen modulating two 807s with screen protective tube, with provision for switching from
’phone to c.w. Lead from microphone to grid of first 65L7 section, as well as leads to and from the gain control,
should be shielded to prevent hum pick-up. A tube shield around the 65L7 may be required, to reduce hum.

C1~—1 pfd. or more, 250 volts.

Ca — 0.01-4fd. paper or ceramic.

C3 — 10-ufd. 50-volt electrolytic.

C4, C7 — 10-pfd. 25-volt electrolytic.

Cs —- 8-ufd. 450-volt electrolytic.

Cg ~ 0.0022..fd. mica or ceramic.

R ~— 30,000 ohms, 25 watts.

Rz — 'Transmitter grid leak.

R3 — 20,000 ohms, | watt.

R4, Ri2 — 0.1 megohm, 14 watt. )
Rs — 2000 ohms, 1 watt. (Adjust to 25 volts drop.)

fier screen and ground should be approximately
one-half the normal operating voltage — it can
be changed by varying the value of £3. At this
value of one-half normal screen voltage, the plate
current should be one-half its normal value (if
there is no change in plate voltage). With audio
applied to the grid of the clamp tube, no change
in amplifier plate current should occur before
100 per cent modulation is obtained. Within the
proper operating limits of the clamp tube, no
change in cathode voltage should be noticed with
varying amounts of audio signal, a8 in any Class
A amplitier.

This isn’t any radical modulation system, and
it isn’t a something-for-nothing deal. The peak
output is equal to the normal c.w. output, and so
the unmodulated-carrier output is one-fourth
this value. It is, however, a convenient system
for the casual 'phone opecrator who isn’t inter-
ested in investing in high-powered modulation
equipment. A three-pole two-position ceramic
switch will change your rig from c.w. to 'phone
and back, by switching the clamp-tube grid lead
from Rz to Cq und opening a short across Rs and
another across R3. R

The system was checked in the laboratory on a
rig using a pair of 807s running 785 volts on the
plates. With u 6Y6 clamp tube, typical condi-
tions were 280 volts from plate to cathode on the
6Y6, 135 volts from screen to ground on the
807s, and 48 volts bias on the 6Y6. With a 6L6
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Rg—- 4.7 megohms, 14 watt.

R7 — 6800 ohms, !4 watt.

KRs — 0.47 megohm, 13 watt.

Ro — 10,000 ohms, 15 watt.

Ri9 — 1-megohm volume control.
R — 1500 ohms, !4 watt,

S1 — 3-pole 2-position switch.

_ Notr: The 6SL7 plate-current drain is negligible.
Plate voltage may be taken from any convenient supply
having good filtering. :

clamp tube operating with 25 volts bias, the
plate-to-cathode voltage was 250 and the 807
screens showed 140 volts. The value of Ry and
R3 was 30,000 ohms in both cases, and C; was 1
ufd. Grid current to the 807s was 7 ma., with a
6800-ohm grid leak. It will be noticed that the
abov: conditions are not the usual ones for Class.
A operation of triode-connected 6L.6s or 6Y6s,
but the audio power demuund is so slight that some
varistion from optimum conditions can be
tolerated. The load for the audio (clamp) tube is
the screen resistance of the modulated tubes in
parallel with Ki. 1f the power demand on the
tube were greater, as would be the case with
larger tubes drawing more screen current, more
careful choice of clamp-tube operating conditions
would be required. The 6L6 makes u better
clamp tube for the 807s than does the 6Y6
tbecause it cuts oft at a lower grid voltage)
und would be the logical choice. If a single 807
is to be modulated, the value given in Fig. 3
for K3 should be doubled, and £; should be ad-
jlgted to give 250 volts plate-to-cathode on the
6L6.

Fortunately or unfortunately (depending upon
what you have in your rig), there is no assurance
that every tetrode can be screen-modulated satis-
factorily by this method or any other method.
The 807 is well-suited to this method of modula-
tion because it can be modulated close to 100 per

(Continued on page 110)
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The Difficult Takes a Long Time

(The Impossible We Never Do)
BY KEITH S. WILLIAMS,* WEDTY

ence section reminds me that there is a
constant supply of would-be hams and new
hams (God bless them all!) who arrive at the
stage wherein the complexities of electronics in
this day and age seem insurmountable. I can well
understand and readily sympathize. Modern
radio 7s pretty complicated and all of us at times
wounder if we can possibly keep up. But, on the
other hand, it isn’t so bad after all. In spite of the
cries of anguish one hears, it’s really much
simpler now than it was a good many years ago
because detailed information is so plentiful. No
matter what your interest, you can find step-by-
step instructions on building most anything your
heart desires . . . right down to the dope on
which hand is best for holding the soldering iron.
For the benefit of those who are weeping bitter
- tears because of the complications of present-day
radio gear, let me light up a big, black cigar and
try to recall a typical set of instructions for build-
ing a ham station back in the days when radio
was “simple.”’

Now AND THEN a letter in Q8T’s correspond-

Twas
BITTEN BY
THE BUG AT A
TENDER AGE

At a tender age I was bitten by the Bug. De-
termined to join the ranks of the ether-busters
(we used the ether then; who ever heard of the
ionosphere?), I obtained a set of instructions en-
titled, ‘‘How to Make an Amateur Wireless Out-
fit.”” It contained no pictures, no drawings, no
diagrams and mighty little reading and writing
and went somewhat as follows:

“There are three parts to every wireless set:
(1) the aerial system, (2) a sending set, and (3) a
receiving set. You can purchase these complete,
ready to put up, or if you have some tools you
can build all of them yourself. You may have to

%244 Magnolia Ave., Oxnard, Calif.
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buy the head telephone receivers as they are very
difficult to make.

“The aerial is formed of two or three (four to
six might be better) stranded copper wires
stretched as high above the ground as you can
get them. These wires must be insulated from
the poles, and for this you will need some por-
celain insulators and some strain insulators. Each
wire should be as long as possible, but not less
than forty feet long, and the wires are attached
to wooden spreaders by means of the insulators.
Keep in mind that the longer the wires and the
higher the aerial the greater the distance to which
messages can be sent.

“The next important item is the ground and
you can obtain a good ground in several ways.
One way is to solder a No. 6 bare copper wire to
a water pipe. Or you can drive a piece of pipe
into the earth far enough to reach moisture. The
best method is to dig a hole about ten feet deep
and put a sheet of zinc in the bottom of the hole
and solder a piece of No. 6 wire to the zinc. Then
cover the zinc with earth. Also important is the
grounding switch. Obtain a heavy copper knife
switch and mount it outside the window near the
aerial wire so the aerial can be grounded during
lightning storms.

“To send out messages you will need the fol-
lowing: (1) an induction coil, (2) a telegraph key,
(3) a spark gap, (4) a battery, (5) a tuning coil,
and (6) a condenser. [What could be simpler, eh
fellers?) The induction coil will change the direct
current from the battery into high-pressure alter-
nating current. |[Maybe you think this technical
detail didn’t have me stopped!] The purpose of
the telegraph key is to break up the battery cur-
rent into dots and dashes which represent the
International Morse code. [Not much change
here; keying is still supposed to represent the
Morse code, although sometimes one wonders.)

“Next is the spark gap. This is a pair of brass
rods fitted with brass balls. The rods should be
equipped with handles so that you may slide
them back and forth through a pair of brass
standards for adjusting the length of the gap.
The standards should be bolted to a marble base.
Jonnect the spark gap to the terminals of the in-
duction coil. [Note how precise these instructions
are! You can’t begin to imagine what a foggy
notion I had of how to go about making a spark
gap. Where should one put the balls and how
big should they be? How long is the gap supposed
to be? Which terminals on the induction coil?
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Where in tarnation to find marble for the base?
I am still amazed to think that this monstrosity
was actually built.]

“The tuning coil is very simple. It consists of
a coil of heavy copper wire, about one quarter
inch.in diameter, wound in a helix around a
wooden frame. The tuning coil will give the elec-
tric waves you send out a certain length. The
tuning coil is connected in a cireuit with the

THE HIGHER.
AND LONGER
THE GRESTER THE
DISTANCE,
TUEY SAID

spark gap and the condenser. [Good Lord! You
fellows who are groaning about present-day diffi-
culties take a look at that last item again. How
many turns? What diameter? What length? And
what kind of a circuit with spark gap and con-
denser?]

“The high-pressure condenser can be made of
a number of sheets of glass covered with tinfoil.
The size of the condenser must be appropriate to
the size of the tuning coil and the larger it is the
shorter and_fatter will be the spark. The shorter
and fatter the spark the stronger the waves sent
out by the aerial. [That's fine, that stuff about
the waves being stronger. But doggone it, how
many sheets of glass and how much tinfoil? How
big should the sheets be? How do you mount it
all together to make a condenser? Note how
“simple” radio was in those days!|

“When you have made all these pieces of the
sending set, connect them up with No. 14 copper
wire. The primary of the induction coil, the bat-
tery, and the key are connected in series. The
spark gap, the tuning coil, and the condenser are
connected in series. Connect the aerial wire to
one end of the tuning coil and the ground wire to
the other end. Sometimes it is helpful to put a
heavy clip on the ground wire and try clipping it
on to different parts of the tuning coil.

“Of course, before you send messages with this
sending set you must have a government license.
[Oh! Oh! I knew there'd be a catch!] Send fifteen
cents to the Superintendent of Documents, Wash-
ington, D. C., for the pamphlet entitled, ‘Radio
Communication Laws of the United States.” You
must be able to send International Morse code
at least five words per minute before you can
obtain a license. [How do you like that! I remem-
ber thinking that it was a horrible situation. Five
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words per minute, no less! What would those
termites in Washington think of next?]

““The receiver consists of : (1) a crystal detector,
(2) a tuning coil, (3) a variable condenser and
(4) a set of head telephone receivers. It is worth

_while to mention that if you cannot have a send-

ing set or cannot learn; the Morse code suffi-
ciently well to obtain a government license you
may operate a receiving station. No matter where
you live you are almost sure to be within signaling
range of a sending station. {Ha!] It will be best
to buy the crystal detector, complete with cat
whisker and mounting. The tuning coil is made
by winding a single layer of No. 20 insulated cop-
per wire on a cylinder of wood or other material.
The insulation is scraped off in two parallel lines
the length of the coil and two springs, sliding on
brass rods, make contact with the wire. The tuner,
as it is called, is for the purpose of adjusting the
receiving set to the wavelength of the sending
station and helps to make the received message
ring loud and clear in the head telephone re-
ceivers. [Pretty good dope, don’t you think? How
many turns? What diameter? How long should
the cylinder be? What’s the dope on the two
springs? Of course, the invention of rolled oats
contributed its share to the progress of the wire-
less art.]

“The best kind of a receiving condenser is the
variable condenser. 1t consists of a set of fixed
plates and & set of movable plates. The movable
plates can be turned by means of a knob at-
tached to a shaft and provides very sharp tuning
when used in conjunction with the tuning coil.
[Not bad. I had been wondering about that vari-
able condenser.] :

“You are advised to buy the head telephone
receivers, They are very difficult to build yourself.
[Who bought head telephone receivers? The tele-
phone company may have suffered a little incon-
venience, but it was all in the interest of science.]

STWAS ALL IN THE INTEREST OF SCIENCE

A receiver wound to 500 ohms resistance is satis-

factory for short-distance work but if you wish

to receive messages from as far as 100 miles you

should obtain receivers wound to at least 1000

ohms. Be sure to buy receivers wound with copper
(Continued on page 112)
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Adjusting Antenna Coupling in
V.HF. Receivers

Lower Noise Figures Without a Noise Generator

BY HENRY H. CROSS,* W100P

HE following comments grew out of attempts

to help out fellow 2-meter enthusiasts in the

adjustment of antenna coupling on their
cascode-front-end receivers. Perhaps other work-
ers will find the technique useful in their search
for better v.h.f. reception.

When a receiver or converter is placed in serv-
ice on the v.h.f. bands it is desirable to adjust the
antenna coupling so as to ubtain the lowest-
possible noise figure. If the impedance presented
to the receiver by the antenna system is known,
and if one has a suitable noise generator avail-
able,! this is not hard to do. However, if one does
not have access to a noise generator, or if there is
some doubt us to the actual impedance of the
antenna system (not all *300-ohm line” untennas
look like 300 ohms to the receiver input!) some
other method must be employed. Signals alone
will not do, cven if they are suitably weak and yet,
steady, but in many instances the receiver’s own
noise may be used, once the method is under-
stood.

All electrical conductors contain free electrons
that are in continuous random motion, resulting in
4 voltage that varies in a random manner across
the terminals of the conductor. This voltage rep-
resents noise energy distributed throughout the
frequency spectrum, and known as thermal-
agitation notse. The noise output of receivers for
low and medium frequencies comes largely from
this source. In v.h.f. reccivers, however, the
noise is produced almost entirely by the tubes;
the first tube, in well-designed receivers. 1n a per-
fect receiver the thermal-agitation noise in the
antenna would be the only noise in the receiver
output. Thus the ratio of the total noise power to
the antenna noise power, or notse figure, is used to
express the merit of an actual receiver, without
regard to its total gain or selectivity.

At frequencies lower than our 10-meter band,
the static and other external noise picked up by a
good antenna will be great enough to override the
thermal-agitation noise of the antenna by 6 to
10 db.; thus a perfect receiver is of little or no
advantage for these frequencies, as compared
with a receiver that has three or four times as

%70 Symphony Road, Boston 15, Mass.

L Tilton, '*Noise-Generator Technique for the V.H.F.
Man,” Aug., 1949, ST, p. 20.

2 Wallman, Macnee and Gadsen, ** A Low-Noise Ampli-
fier,” Proc. IRE, June, 1948, p. 702
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much noise. On the other hand, in the v.h.f.
range and higher there is no such noise pick-up
by the antenna in a quiet location, so it is to our
advantage to see that the noise generated within
the receiver itself is held to the lowest possible
value, and that the energy our antenna collects
is fed to the receiver with the highest possible
efficiency.

It has been demonstrated ¢ that the noise
figure of a single amplifier stage is lowest (best)
when the amplified induced-grid (transit-time)
noise is equal to the noise due to the plate current
(shot noise). The balance of the noise is assumed
to be thermal-agitation noise, and if all the re-
sistance in the input circuit is supplied by the
antenna, it will be antenna thermal noise.

If the noise figure is 10 db. the thermal noise is
but one-tenth of the whole; if the noise figure is
5 db. the thermal noise will be one-third, with
shot and induced-grid noise making up the other
two thirds, providing that 5 db. is the best noise
figure that can be obtained with the particular
tube employed in the stage. Shorting the grid to
ground will reduce all but the shot noise to zero,
and the noise will drop by 5 db. Thus it can be
scen that the change in noise output when the
erid is shorted to ground may be used to check
input coupling. Obviously, this does not apply in
grounded-grid r.f. amplifiers, where the grid is
already shorted to ground. It is also inapplicable
to receivers where the input circuit is in the mixer
grid.

First, ¢ value for the best noise figure obtain-
able with the particular tube in use must be as-
sumed. If this figure is unduly optimistic the ad-
justment will be in error, and the result will be
several times worse than the best possible. On the
other hand, if the estimate is on the pessimistic
side the most that can be lost is 3 db. A conserva-

TABLE I
Noise Figure Power Noise Increase
(db,) Ratio db,  Voltage Ratio

20 100 3 1.4
10 10 k3% 1.6

7 5 4 1.6

5 3 5 1.75

3 2 [ 2.0
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tive guess is thus in order. In a very poor receiver,
where tube noise is more than 90 per cent of the
total, the figure is easy to remember: set the an-
tenna coupling so that, in the absence of external
noise, and with the input circuit tuned, shorting
the grid to ground drops the noise by 3 db.For
other noise figures the information in Table I ap-
plies. The noise reading should be taken with a
db. or output meter or a.c. voltmeter connected
to the loudspeaker terminals.

A few probable values for noise figure that can
be obtained with various tube$ commonly used
in v.h.f. receiver work are given in Table II.
These are merely estimated values for use in the
adjustment procedure outlined above. They are
not intended to prove anything else.

A ;5
Coax
input

® 300-ohm o
input o
Any solid~dieledtric
coax 26§ long~,
75-oh|m u;;x
any lengf
© 4 £
300-ohm
input - i

Fig. I — Recommended methods of coupling to the
antenna in v.h.f. receivers. When coaxial line is. used,
best coupling is obtained with the inner conductor
tapped dircctly on the coil, as shown at A. The position
of the tap is critical, and may be adjusted by the method
outlined by the author.

Optimum oouplmg for balanced lines is attained
through the use of a "balun™ as shown at Bor C. In B
two pieces of RG-59/U or other solid-dielectric coaxxal
line are used, one a half wave longer than the other.
Outer conductors are connected together and grounded.
In C the coax feeding the input circuit may be any
length. Dimensions given are for 116 Mec.

A small fixed condenser may be inserted between the
fine and the grid coil, if it is desired to avoid a direct
d.c. path from antenna to grid.

In some cases it may be found that, because of
poor over-all performance, the peak of naise at
resonance may not be enough to permit employing
this method. This may also result from degenera-
tion caused by cathode-lead inductance. In this
instance merely adjusting the antenna coupling
for maximum signal will probably produce the
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75 watt.

TABLE II

Probable noise figures for types of r.f. amplifiers commonly
used in v.h.f, receivers

Tube Noise Figure at 220 Me. 144 Mc. 50 Me. 30 Mc.
B6AKS5 cascode 0db. 6db. 3db. 2db.
6AKS5 pentode 16 10 4 3
964 pentode -2 12 7 5
6ACT & 1851 — —_ [} 4
6K7, 85G7, 6BAB, ete. — 20 10 7

best results. The loading is not solely or even
mostly supplied by the signal source, and thus the
above analysis does not apply.

Using this technique on several converters for
the v.h.f. bands, including one recently described
by the writer in QST,? results have come so close
to those obtained when u noise generator is em-
ployed that there is no measurable difference. Tn
the case of the 2-meter cascode converter referred
to above this means adjusting the position of a
tap on the grid coil for a 4- to 5-db. rise in noise
when the ground is removed from the grid. Read-
ersof the QST story may recall that a series-tuned
antenna coil was shown for use with couxial-line
antenna systems, but it was later found that a
slightly lower noise figure could be obtained when
the coaxial line was tapped directly on the grid
coil, rather than using inductive coupling. Using
a moderately high-Q input circuit, with the
coaxial line tapped on the grid coil, it has been
possible to get a noise figure of 4.8 db. at 146 Me.

For 300-ohm input the only way that has been
found to get really adequate coupling is the use
of a balun of the half-wave type, as shown at B
or C in Fig. 1, wiving balanced-to-unbalanced
input. With the customary inductive coupling the
best that could be done was a noise figure of about
5.5 db. The tapped-coil method is quite critical in
adjustment, and its success depends on reason-
ably-constant antenna impedance over the band,
but when these conditions are satisfied it is the
best system yet tried. The connection to the coil
may be made through a small fixed condenser if
desired, to prevent direct d.c. connection betwecn
the antenna system and the r.f. grid.

# Cross, "' A Cascode Converter for 144 Me.," Oct.,

1949,
Q8T, p. 11,

Silent Keps

T 18 with decp regret that we record the
passing of these amateurs:
W2ADW, Maurice G. Carter, E. Quogue, L. I.,N. Y.
W2COJ, Dale M. Fravel, sr., Rochester, N. Y.
W4DON, Hugh B. White, Chattanooga, Tenn.
W5CMJ, Osborne C. Palmer, Tyler, Texas
ex-9AIM-9AJ, Harry A. Mackley: Peoris, Il
W@BZE, Dr. Lothrop Smith, lowa Clity, Iowa
WEEKT, ex-W9EKT, Francis H. Parker, Chaneccl-
lor, 8. D,
VE3NN, Peter V. 8wan, Cobourg, Ont.
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TWO IMPROVEMENTS IN ALL-METAL
BEAM CONSTRUCTION

NYONE who has made an all-metal rotary array
by running the elements through a boom
made of dural tubing knows that this method
leaves a lot to be desired. The elements vibrate
in the wind and soon wear themselves loose, even:
if they were originally driven into the holes in the
boom. Worse, the abrasive effect of aluminum
and its alloys soon wears the elements thin enough
at the points of contact so that they break under
wind or ice loading.

This is easily corrected by the use of simple
“1J”-shaped clamps that can be cut from ordinary
soft sheet aluminum. Where thin-wall conduit is
used for elements these may be the pipe clamps
used for mounting the conduit when it is used for
electrical work. Two of the size that fits the ele-
ments are used at either side of the boom, with
two more that fit the boom running over the top
of it, as shown in Fig. 1.

The clamps may be made from strips of alumi-
num 34 inch or more in width. Make them such a
length that they do not quite meet when mounted
in place. Pulling up on the screws then resultsin a

Fig. 1 — A really rugged method of fastening beam
elements to a boom in an all.metal array. Pairs of pipe
clamps back-to-back do the job. (Suggested by W2AOE.)

very strong and absolutely rigid joint. An easy
way to judge the right size is to cut samples from
thin soft sheet metal such as copper, then make
them to size from the sample. Laying out all of
them side by side on a single sheet of aluminum
and drilling the holes before cutting and bending
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simplifies the operation. Credit for the above
ideas goes to W2AOE and W1JEQ.

If you haven’t already put up your all-metal
job you may prefer the system used by W5KQD.
Jeorge uses a short length of 24ST channel stock
as a cradle, bolting the elements to this, and at-
taching the channel to the boom by means of “U”
bolts as shown in Fig. 2. The “U” bolts or clamps

Fig. 2 — Another method of mounting the beam ele-
ments. Aluminum channel brackets and ** U holts are
used in a neat and rigid assembly. (WSKQD).

may be bought in various forms in hardware or
auto-accessory stores. This system has two ad-
vantages over the through-the-boom method. It
leaves the boom at full strength, and it permits ad-
justment of the spacing. The elements, of course,
may be mounted above or below the boom. -
Wi1HDQ

SIMPLIFIED LC CALCULATIONS

ARECEN'I‘ letter that appeared in “Correspond-
ence From Members” ! urged me to dust off
& formula I've used for several years to determine
the number of turns required for a coil of given
inductance. It originated from the formula given
in Circular 74 of the Bureau of Standards. Con-
verting the published formula to inches, and as-
suming a coil length equal to the coil diameter,
the following simple expression results:

N =76 \/LjD

where N = number of turns required,
L = inductance in microhenrys, and
D = diameter of coil in inches.

For example: Assume that a coil of 0.119 h. is
1QST, Nov., 1949, p. 57.
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required. Tts diameter is to be 14 inch, and length
the same.

The formula may also be modified for use in
cases where the diameter is one-half the length of
the coil. It then becomes N = 104/L/D: For coils
in which the length is to be half the diameter, N =

CODE-PRACTICE OSCILLATOR

A‘L?I AUDIO SIGNAL for code practice may be ob-
tained by owners of National receivers that
are equipped with accessory sockets by using the
circuit shown in Fig. 3. The parts for the oscillator
are small, so all may be built into the top of an
octal multiwire plug such as the Amphenol
86-PMS8. Two leads for connecting the key are
brought through the top of the plug.
%Nm
bulb

> Ry

Fig. 3 — Circuit for an audio oscillator that can be
connected to the accessory socket of receivers such as the
National NC-173. The neon bulb is a Type NE-2.

C1 ~ 0.001-4fd. mica.
Cz — 100-ppfd. mica.
R1— 6000 ohms, 4 watt.

The oscillator frequency may be varied by
changing the size of either C; or R,, or the applied
voltage. Any voltage between 100 and 350
should be suitable, and the current drain is so
little that the unit may be connected to any of
the voltages available at the accessory socket
without fear of either overloading the supply or
impairing receiver operation. -— A. D. M. Lewts,
W8LOT

SIMPLE BCI CURE

PERATING a kilowatt 'phone rig in the same
house with an a.c.-d.c. midget radio usually
spells BCI. In some cases rather drastic measures
are needed to clear the interference, but the
simple dodge described here may do the trick. If
the transmitter is operating in the 10-meter band,
add a 6-foot extension cord to the a.c. power cord
of the midget. Wind the extension cord around a
14-inch diameter form. When you get the right
number of turns, the interference should dis-
appear.

For 20-meter operation, a 12-foot extension
cord wound in a hank (just as they come from the
store!) was added, and now everyone is happy.
It’s so simple that jt’s worth a try. — William
Hall, W54A8G
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PRESERVATIVE FOR WOODEN MASTS

AVERY CONVENIENT, effective, and easy way to
“geal” and waterproof a telephone pole or
other wooden mast that is to be set in the ground
is to paint it with automobile chassis black. This
paint has a very high percentage of asphalt, and
after the job has been completed the brush can
be cleaned with kerosene.

This paint can be obtained from almost any
auto supply store for about $1.75 per gallon. A
more expensive grade is also available, but for
this purpose the cheaper variety is good enough.
- W. E. McCormick, WS5KMA

DIRECT-READING DIAL FOR THE HRO

MANY rAaMs find it inconvenient to have to
refer to the calibration charts supplied with
the coils of the HRO receiver. Shown in Fig. 4 is
a method of applying a direct-reading calibrated
scale to the flange of the HRO dial.

. Sl m
Screw with half of
the head filed away

Cross section of dial

Fig. £— Novel direct-reading calibrated scale for
attachment to the HRO dial.

A cardboard or Lucite circle, slightly larger
than the dial, is pierced with a hole that is just
slightly less in diameter than the dial. Four con-
centric circles are then scribed as shown in the
drawing. It usually takes about four complete
revolutions of the dial to cover a given amateur
band with this receiver, thus one circle is avail-
able to carry the calibration for each revolution.

Key figures to indicate which of the various
circles applies for a given dial setting are lettered

(Continued on page 106)

53



TVI Tips

JUNK-BOX TVI CHECKER

By far the best way to check TVI is on a tele-
vision receiver in your own house. But if you
don’t yet have a TV receiver, it isn’t necessary
to go entirely without a means for checking. A
regular converter, for use with your communi-
cations receiver, can be built up,! but if that
seems like too much trouble there is an even
simpler way. Simpler, that is, if you own — and

Xal

4 G ;{ _l-ce s
Ant.:_—l_,gB ;

= EL.; Revr

Fig. 1 — Circuit diagram of the crystal mixer.
(g — 50-pufd. midget variable.
Cg — 47-ppfd. u;ica.
L1 —5 turns No. 14, inside diameter !4 inch, length
34 inch; crystal tapped on at center.
Lz — 1 turn No. 14, inside diameter 34 inch.
Lz — 8 turns No. 22, diameter 1 inch, length 14 inch.
L4 — App. 3 turns No. 22 at ground end of La.
Xtal — IN51 or 1N34.

vou should — a grid-dip meter covering the TVI
range. All you need to do is to use the grid-dip
meter to supply the local-oscillator voltage for
conversion, and then build a very simple mixing
¢ircuit using a crystal detector.

Fig. 1 is a suitable circuit, and the photograph
shows how such a gadget can be constructed. The
parts required can be found in almost any junk
hox. Essentially, the device is nothing more than
two tuned circuits and a crystal detector. One
circuit tunes over the low group of TV channels;
the other has its tuning fixed at a selected inter-
mediate frequency. (2 in Fig. 1 is both a by-pass
for the signal frequency and the tank condenser
for the intermediate frequency. The i.f. vutput is
taken from a small coil and fed to the antenna
terminals of a communications receiver.

You ecan select practically any intermediate
frequency that is convenient. The constants in
Fig. 1 put the i.f. at about 16 Mec., a frequency
that is covered by most communications re-
ceivers and which is far enough from the signal
frequency to put the oscillator frequency at a
spot where it isn’t likely to cause too much inter-
ference in some other channel than the one being
tuned in.

! For exumple, see QST for April, 1949, p. 17. A suitable
wgeillator is described in the Nov., 1949, issue, p. 29.
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The sensitivity of 4 device of this sort is quite
adequate if the TV signal strength is enough to
give good pictures on regular TV receivers. The
grid-dip meter can be used for setting it up.
Tune the signal circuit to the TV picture carrier
frequency by resonating with the grid-dip meter,
and then set the meter 16 Mec. (if that is your
i.f.) higher, coupling as tightly as possible.
Searching with the communications receiver
around the i.f. should bring in the picture car-
rier, which cun easily be.identified because it
sounds like particularly bharsh diathermy with a
series of satellite carriers spaced about 16 ke.
on either side. Note the S-meter reading, and
then compare the S-meter readings of your har-
monies in that channel. If the harmonie strength
is 40 db. or so below the picture carrier you
should have no harmonic TVI. The best way to
carry out a test of this sort is to put up a dipole
cut for the TV band, turning it to give maximum
picture signal.

Simple crystal mixer for the 50-100 WMe.
showing how the grid-dip meter is coupled.

range,

A simple mixer like this has about all the faults
that any mixing system can have — although
because of the tuned circuit it will respond less
to your fundamental than most TV receivers.
But its tuning is somewhat cantankerous, it will
radiate every bit as well as the worst TV receiver,
the mixer pulls the oscillator, and it will give
spurious beats. Its virtues are cheapness and
euse of construction. Operated with reasonable
intelligence, it will give the answers you need
in TVI work.

-G G
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CONDUCTED BY ROD NEWKIRK,* WOBRD

How:

Despite scattered occurrences during the DX
Test now in full swing, the fact remains that we
haven’t been strongly called upon to fling dia-
tribe and boiling midnight oil on the heads of
the DX Hog menagerie for quite some time.

Jecves, cynic and pessimist that he is and will
always be, offers the unsolicited opinion that
everyone has merely grown accustomed to the
situation. Undoubtedly s happier view should
be taken.

The fat mailbag indicates that more DX is
being worked these days than ever before and
thus gives us better reason to believe that the
postwar DX rush with spiked elbows and stilettos
flashing has definitely passed its peak.

It is apparent to many that even the most
antsy-pantsed individuals have come to realize
that they’ll all live Jong enough to paper their
walls with Asian QSLs and that, after all, such
fancy accumulations of wallpaper aren’t really
worth the reeking reputations possibly built up
in the process of QSOs at any cost.

Being no more than rank laymen in the casuis-
tic field we’ll have to let it go at that and con-
tinue to hope and work for the best.

If you've finished totaling up your multipliers
for the opening sessions of the 16th ARRL DX
Competition you may have time to digest, or at
least masticate, a few of the items to follow. . . .

What:

‘The region around 1800 kc. has been sounding like {4,000
ke. at about midnight and later EST. The following omne-
sizty DX has been getting across the pond in our direction:
Gs 2PL, 2Y8, 3PU, §JU, 6BQ, 8NF; GD3UB; GM8UM;
FA8SBG. Wl1s BB, OE, W4NNN and VE1EA were the
principal participants in festivities on this end. Up through
January 15th, VEIEA had knocked off seven European
QS0s with six stations including two GD3UB contacts
while W1BB bas hit S9 peaks at G2PL. For best results,
G2PL recommends that Ws transmit just above 1800 ke.,
listening in the spectrum 1780-1800 for foreigners: the
latter, to minimize interference, should operate vice versa.

On eighty, W8GZ has been working JA2AZ (3851) on
'phone and c.w. from 0600-0800 EST. VE7JT and W5KMZ
were fortunate to grab the Asian, too .. .-.. W4BRB
came down with mumps and that gave him time to catch
up with YO3RI (3512), MI3SC (3510), SVBWH (3533),
CT3AB (3518) aud SPICM (3535) and that makes 75
countries worked for Gene on 80. Also in the W4BRB log
are KL70K (3547), OH2NB (3512), HA4SA (3515), ZLs
1HM (3520), 2ACV (3523), FA9RZ (3518), Z85YF (VFOQ),
EI9J (3515) and OZ7BO (3515). Not bad for anon-DX
band (as some have had the gall to term 80 meters!) . . ..~
W2QHH now has 62 3.5-Mc. countries, his 35-watter re-
cently adding SP1CM, CTIBV (3562), TA3GVU (3505),
OH2NB, FASIH (3500), VP5BD (3503), EK1AO, VK5KO,

* DX Editor, QST. Please mail reports of DX activity
to WOBRD's home QTH: 15617 Fargo Ave., Chicago 26, Il
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CT3AB and SM4AEE (3505) .—._. _ W9AND made it
32 countries with PY7WS and VP5BF while W1QIQ got
behind the key at W1YA to knock of SV4WH, EI9J, KZ5DR
(3550) and a hatful of Gs and DLs . _._. _ Z85YF, who
trics to hit 80 twice weekly, lists among his QSOs W4s BRB,
DXI, KFC, W2PEO, W6ZAT, G6QB, VE1BV and
VE3AGX.

Forty takes on more of the characteristics of 20 meters
day by day. W2FXN works VK5KO, ZS2A and various
Europeans around 1300 EST. Australia at high noon on
7 Me. with solid signals is DX not to be sneezed at. While
this long-path stuff is rare, regular skip is entertaining
enough ._._. —~ W7MQY has things under control out
west with KG4AK (7071), VS86BK, KGO6GM (7040),
VS1BX (7040), PKSWB (7039) and UAPKFD plus a logful
of more common Pacificans . —._. —~ W6FNJ has some of
these and adds UAGFB (7010) while W2KIR returned to
the air in time to swipe EA6AY, EA8BC and VR2AS for
new ones. FK8AA has been heard but Al's 25¢ 211 hasn’t
yet made the grade on that one . _._. — WOINN said fare-
well to the old QTH with I1AOH, OK3AL and FASDA
and W4QGH thought Pensacola ought to have a plug
because of UB5DC, HB9X, DL54AA, OH6NR and VEK2AJG
...... W1QMJ was particularly intrigued by calls like
LZ2DC and Z2C20T while working CT1AL, MD7DC,
HA4SA, PY2AC, UB5BK, FA8RJ and sundry others
..... — Recommended by WS5LAK are CN8BI (7014),
HA4SB (7004) and HRZHZ (7004), and W4CJS, formerly
W3CIS, found the new QTH just right for YO2BU, FA9VN,
HAS5C and LX1BO. W4CJS, by the way, uses one of those
invisible antennae of No. 26 wire . _._. — At W2EQS we
have FA9RZ, MD2PJ, HASK, CT2JL, YO3RI and LA6U.
Charles was informed by the RSGB that VP7RIL, a 7-Mec.
QSO, must be a pirate; no such animal licensed ... ._.
‘W7GVH, 69 years young, has his 100-watter fired up on
7045 for some of this DX he’s been reading about on these
pages. He opines that Jeeves deserves a toupee!

By the time this appears in print twenty will probably be
hotter than a two-bit 6L6 all around the clock but right
now there are varied viewpoints. The fellows who cun get
on in the daytime think conditions have been superb but

. , ‘ \
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the chaps stuck with nighttime operating hours — we
dassn’t quote them! KH6PM must have been in the first
category, having snafled QSOs with C3MY (14,125 t6),
FFSMH (14,120), FK8AD (14,135), HC2GRC, HR2RF
(14,080 t7), KX6BA (14,067), OQ5CH (14,030), PJSRE
{14,010 t7), TF3ZM (14,005), TGOFU (14,085 t3), UD6AH
(14,060), VK9RH on Norfolk (14,050), VP3TY (14,070),
VP6CDI (14,000), VQ3KIF (14,045), VR2BU (14,070),
VS6JH (14,100), VU2BY (14,000) and XZ2EM (14,000).
Fred has been chasing HL1US (14,070), TA3FAS (14,080)
and VRIAR (14,095) but no luck to date . — . ... _ During a
week's school vacation, WGEYR hauled in FY8AA (14,002),
KC6WB (14,039), 4X4CJ (14,040), UF6KAF (14,010),
SPICM (14,083), FIN8AD (14,013), UJ8KAA (14,032) and
AP2N (14,080) ._.-. —. In another good week's work
WOITQL, with leg in cast, knocked off 72 countries including
A6AF, ZD2FAR, CR4AE, UO5KAA, UP2KBC and
UNIAB._._.._ The QRP at W2QHH eked out GC2FMV
(14,036), VS6BO (14,083), UAQGAA (14,018) and ZDSB
(14,019) while W8BZX is rather curious about a DI2BC
heard around 14,000 ke. .. .. — An interesting one at
W6EYR is XA1A (14,020), “QSL to Box 18, Cairo, Egypt,”
and W4MR collected EP2A, VS9AL, F9QV/Corsica,
VQ8AX (14,080) plus several UA@s ._.._. — Nebraska
can't be such a tough QTH inasmuch as WOFWW has
contacts with UL7AB (14,060), UA9s KCC (14,010), KOH
(14,026), FE8SAB (14,060), EL5B (14,140), EL7A (14,070),
VQ4H]JP (14,068), VU2AT (14,056), MI3GH (14,020),
YS1ZG (14,052), HA5B (14,094), ZB1AY (14,042), CT3AV
(14,020), CN8BQ (14,015) and 4X4BM (14,068) entered in

the log ... - WOWFP and others are intrigued by
LUPDAG (14,051 t4) and W2ICO is headscratching about
AC4D (14,089), “Box 7, Lhasa, Tibet.” ._.._. -~ WSJUF

tried some c.w. before changing QTH. John is thinking of
trying for an HR call after verifying 91 out of 117 in a short
while on 'phone . .. ~.— Close to his DXCC, WSLAK lists
chats with SPSAC (14,028), VK9GW (14,008), VQ4KRL
(14,022), ZS3B (14,048), ZS9D (14,075) and TF3SF (14,058)
and W2EQS caught up with ZD4AM, MD7DC, TF3AB
and TA3AA .. ... — CR4AF (14,042) could use a filter
condenser and 14-Me. crystal as mentioned to W2WZ.
Al also swapped salutations with VQ4BB (14,011), KP6AB/-
KM6 (14,004), FYS8AA (now signing FY7YA), CR6AW
(14,030), MD7XP (14,034) and FQ8HC (14,058 t8). Check-
ing with his rotary, W2WZ found much DX coming in on
the short and long hop simultanéously, morning and after-
noon.

On ’'phone, W4IUO found fishing well worth while:
KBG6AJ (14,214), HR2RF (14,320), HZ1KE (14,355), M1D
(14,315), MI3US (14,340), ZS3s G (14,318), M (14,311),
Z (14,320), ZS8A (14,312), CRSUP (14,130), CP1AD

(14,287), EAs 8CO (14,300), 9AI (14,320), FA9WD (14,315),
OQSCF (14,312), GD3UB (14,360), ZDIFB (14,178), YKs

1AA (14,307), 1AC (14,312), ARSBC (14,310) and KR6BM
(14,163). Jim is still stalking VK1ADS (14,370), W6CO1/-
KB6 (14,285) and ZC2AL (14,187) . .. _ TG5DM tells
WS5IST that prefix T'GS5 is given to portables in Guatemala.
TG5DM changes QTH so regularly that he wound up with
such a call and vows 1009 QSL ._. . — WOEYR adds
some more hjce voicers to look for, working XZ2SY (14,313),
VS7s GR (VFO), 8V (14,377), YO7WL (14,360) and VU2s
DU, DY and ET . _. -. _ VS6BE (14,303), VU2s DH and
GB were welcomed at W5SJUF and John still seeks contact
with VU7AH and ZC1AR.

WI1EKU continues to capture nice stuff on ten but still
can't get a QSL from Pakistan. AP2G, 8VAWB, SVAWE,
EQ38AM, FF8PG, 8T2KR, Z83G, ZS9F, ZB1H, EX1AD,
HZ1AB, MD7HYV and 3V8AP now no longer need Vermont
for WAS . _.... —~ Forsaking v.h.f. temporarily, W1EIO
exchanged words with TI2s SA, VO, 4X4AD, HH2W and
EL9A while W2VRE specities VP1WS (28,335), ZD4AU
(28,295), EKICH (28,073) and ZC6UNJ (28,140) ... -
MD7HY tells W8GZ that he's the only Cyprus feller active
on ten (28,240) and S. C. listener L. G. Brazell thinks the
boys ought to know about DU1s VVS (28,380), FH (28,175),
PK3SJ (28,250), YO7WL (28,370), ZD2S (28,375), ZK1BA
(28,200) and AP2G (28,600). He's particularly curious about
a ZC3TA heard rolling through during the a.m. .. _.._
In Grand Rapids, WSBNOH's auntenna fell down, giving
him a chance to drop us a line, but before succumbing to
sleet the wire raised KR6AS, KR6CG, MF2AA, GC2RC,
FF8AH, GD6IA and 0Q5A0 . _. ... —~ W2ZVS adds CR6AI,
ZD1FB, ZD1PW, TA3GVU, IS1IRPA, 4X4AD, TF3MB
and ZD4AU to his collection while W4QT wondera why he
didn't try 10 ‘phone a long time ago, now being mighty close
to that diploma.

C.w. plays second fiddle on this band but the Ontario boys
don’t much mind. VE3AFY nailed GC3EBU, GGC24AO,
UB5BY, CN8BQ, YO3RD and SP5ZPZ while neighbor
VE3DBF was bagging FES8AB, CN8MR, TA3FAS, CX6BT
and FABRR.._._. — W9AND finds that CEGAB (28,033)
is looking for Delaware and Vermont. Wes also hooked
CR4AF (28,012), YO3RI (28,048), MI3SC and GD3FQOC
while W2QHH was busy with San Marino in the person of
I1AHV/M1 (28,007).

Where:

We are informed that any Guantanamo (KG4) station
may be QSLd via FPO, Navy 115, New York, N. Y., and
any DL5 can be reached through the REF. The URE
(Spain) asserted to WOTRD that EA stations will soon be
on in droves and that all will receive cards through the
URE bureau, Box 220, Madrid. Also note the following:

C3MY P. O. Box 34, Taichung, Formosa

CT2JL James Leal, Santa Maria Airport, Azores

EL9A Bishops House, Monrovia, Liberia

FF8AH Box 568, Dakar, French West Africa

FQRAA SCKN, Brazzaville, French Equatorial Africa

HH2W Bozx 117. Port-au-Prince, Haiti

HR2RF Tela RRCO, Lalima, Honduras

ISIRPA Mercello 67, Cagliari, Sardinia, Italy

KR8CG 1962 AACS 8qdn., APO 239, %/, PM, San
Francisco, Calif.

KR6CIL Lt. C. Engle, 13th Comm. Sqdn., APO 239,
% PM, San Francisco, Calif,

MIIDX Box 880, Asmara, Eritrea

MI3SC APO 843, ¢, PM, New York, N. Y.

OE7FR (via W1LSZ)

PKIRI Palmenlaan Nr. 8, Djakarta, Indonesia

PK3MR M. R. le Cotey, P. O. Box 222, Soerabaja,
Java, N. E. L.

PK4KS Tan Koon San, Pangkalpinang, Banka Island
Indonesia

SP5ZPZ % PZK, Boxz 320, Warsaw, Poland

]

These hoys passed out 340 Liechtenstein contacts
during their recent expedition to the principality.
L. tor.: HEls HK, JJ, EL and JZ. They also hold HB9
calls to match.

QST for



The well-engineered installation at ZS6Q, Johannes-
burg, operated by Harry Chenik. The gear features such

items as a BC-221 VFO with slug-pretuned exeiter,
separate finals for four bands, and rigidly-monitored
modulation. Antennae include close-spaced and Lazy H
beams plus 40- and 80-meter folded dipoles.

SVEWI QSL Bureau, 17-a Bucharest Street, Athens,
Greece

TG5DM Inter-American Geological Survey, % U. S.
Embassy, Guatemala City, Guatemala

TI2SA P, O. Box 1266, San José, Costa Rica

TI2VO Ed Myers, % U. 8. Embassy, San José, Costa
Rica

ex-VO2RF Ray Forrester, W3STT, 5186 Morgan Ave.,
SE, Washington 20, D. C.

VQ3KIF R. Stephenson, RSEA, P. O. Box 1313,
Nairobi, Kenys, B. E. A.

VQ4BB Box 20, Nanyuki, Tanganyika, B. E. A.

VR2BU (via VR2AS)

VU2BY ¢ IRAL, Box 5588, Bombay, India

VU2RX % IRAL, Box 5588. Bombay, India

YS10 Box 329, San Salvadoer, Salvador

ZD2FAR % Post and Telegraphs, Lagos, Nigeria

ZD2TBS % A. T. & P., Ltd., Sapele, Nigeria

4X4AD Box 2713, Tel-aviv, Israel

Wis GD EIO NLM ODW, W2s ADP CJX EQS SUO
ZV8, W3s KB VEB, W4IUO, W5ISF, W6s ALQ CTL,
W7s AYJ EK, W8 NOH OCA, W9s AND CFT LI MDG
TQL, KH6PM and the No. Calif. DX Club’s The DXer
all spent postage to pass along the preceding information.

Tidbits:

We unwittingly opened & session of ““Can You Top
This?"” with that OA4DO Tidbit a while back. WSNOH
states that CP1AM, attached to the U. S. Embassy at
La Pasz, is at least & thousand feet higher and ususally aug-
ments his radio equipment during extensive operating
periods with a cylinder of oxygen. CP1AM comes from

¢

W2WMV/C9 was quite in demand for a considerable
period of time on 10 and 20 meters. Here is a shot of
his neat set-up in Manchuria where various types of
beam antennae were tried with considerable success.
(Phoato courtesy W1PDF)

March 1950

W9-land and has a hundred watts of 'phone perched on
28,400 ke. Also, Ed strives for a2 1009, pasteboard policy
v e+ ... - ON4QF shipped out 750 LX1QF QSLs, according
to WOTQL, and is making plans for that future Monaco
trip. Mick wants to make sure that worth-while conditions
will prevail before he knocks himself out in this next ven-
ture. Meanwhile, ZS5YF hears that DL4AND will try to
hit the air during a vacation in Monaco due shortly. ZS5YF,
himself, will be returning to G3BYF hefore long and
KESAB will ta.ke up his old concession at F3AT shortly

~ If you've been wondering about an overdue
()E7FR QSL, you may now take your troubles to W1LSZ
who is taking over as his Stateside liaison. W1LSZ's address:
les C. Halliwell, Box 177, Barre Plains, Mass.
‘W6CG passed word through WOWEA to the effect that
MP4BAD has now closed down for 2 return to England.
There he will become active under 2 G call and wishes to
thank all Ws for fine codperation during the past eleven
months. For QSL purposes Ken may be reached via RSGB
- +..- Though KX6BA is still being operated, “ Cliff"’ of
that station may now be reached through W6CTL . _
Woe! ZS8A told W4IUO that a diminishing supply of petrol
for his generator is going to curtail his operating hours.
[Too bad he can’t turn the thing on some of your hot air,
Boss, — Jeeves| . — . ~ KL7ACI mentioned to WO9AND
that the station was located next to The Valley of Ten
Thousand Snakes. What a place to go on a bender!. _. ... _
We've heard much pro and con on EQ38AM and wish some-
one would settle the question once and for all. KR6CI vehe-
mentally takes the affirmative. Too bad most of us have to
be such skeptics but we hope it turns out that way, anyhow
Add possible new prefixes: The boys have been
chasing an LU@ from somewhere and WOAND tripped across
VEBAA on Ellesmere Island, 20 meters ...._... ZS6DO
will try some portahle-ZS7 work soon says ZS5YF and
732X notes that FY8AA is now signing FY7YA at the
same old siand .- . _. ~ Quoting W9TRD, who should
know, the present legit Cyprus licensees are MD7s DC,
GR, HV and WE. U. 8. Air Force men MD7BL and MD7TJ
are QRT and presumably back in Germany ._._.—_ The
latest in the certificate department comes from the Argen-
tine. The periodical Radio-Onda offers to any local or for-
eign amateur a sheepskin upon working 50 or inore countries
over the range 7 through 30 Mec. QSLs are not necessary; a
list of QS0Os “legalized by a Radio Club or responsible
entity of radio amateurs'’ may be submitted to DX Editor
LUSBF, L. M. Moreno Quintana (h.), Cerrito 1222, Buenos
Aires, Argentina, with specifications as to whether the
QSOs were &ll c.w., all 'phone, or both. The ARRL Coun-
tries List may be referred to. W9WXT forwards this info
and the line forms on the left and right ._._. - If the
U. 8. 8. R. doesn’t lead the world in the number of amateurs
they are certainly holding their own in the SWL field,
judging from W4MR's collection of reports. Al is rolling up
sleeves for a rebuilding job that should permit him to jump
bands with the greatest of ease ._._. — VP5BD cards

began coming through with a rush accompanied by yelps

of joy throughout the country. That was one well worth

waiting for . _. _._ Attention, all former KA /DU station

operators who have operated from the Philippines since

1944, whether undercover or not: There ig an accumulation

of QSL cards, some possibly for you, in the hands of Sgt.
(Continued on page 114)




CONDUCTED BY E. P. TILTON,* WIHDQ

HE DEADLINE for reporting in the 3rd Annual
TV.H.F. Sweepstakes is still several days away

ag we write, and though a goodly number of
logs are already in the contest file it is too early
to have much indication of the scoring. We prom-
ise.you the complete story next month, but right
now, while the memory of the contest is still fresh
in our minds, is perhaps as good a time as any to
consider the long-term effects of such operating
activities.

Several objectives are kept in mind when the
ARRL program of v.h.f. activities for the year
is formulated. V.h.f. contests are not quite like
those sponsored primarily for lower bands. They
have some common purposes, of course. Certainly
one of these is to provide a period of intense but
friendly competition, with all the fun and excite-
ment that such rivalry brings out. Another is to
furnish a test of equipment — who doesn’t see
ways to improve his layout during one of these
workouts? But the v.h.f. program has some spe-
cialized aims. Since it scems that we never have
enough stations on the v.h.f. bands and too many
on our lower frequencies, a primary purpose of a
v.huf. contest should be to entice a few recruits
away from lower and more crowded bands. In the
same vein, it is hoped that periodic contests
encourage those who already have v.h.f. gear to
use it oftener. ’

How well our present program serves these:

aims is the subject of some differences of opinion.
A v.h.f. contest has been likened to a terrific
binge, with similar hangover effects. If it is true
that, after a week end of concentrated operating,
the wornout contestant wants no part of 50 or
144 Mec. for weeks or months to come, then the
contest idea is wrong in principle, und it should
be discontinued forthwith, or at least be changed
rudically in form.

Let us take a carceful look at our contest forms
as they stand at present. The V.H.F. Sweep-
stakes pays off on operating. Club awards spur
participation, bringing out some of the country’s
crack operators, some of them for their first trv
at v.h.f. Versatility, as shown by the ability to
work more than one band, helps to boost the
seores, but it is not a dominant factor. The same
station worked on two bands counts as two con-
tacts (the only essential change from the regular
SS rules) but only the totul number of ARRL
"*'V.H T. Editor, QST.
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sections is used as the multiplier. No extra credit
is given for use of 220 Mec. and higher. The V.ILF.
SS is scheduled each year in January, normally
the low point of the year in v.h.f. interest. Its
most important function is to thaw out activity
on 6 and 2 that would otherwise be lost from
November to April.

In the spring and fall contests the accent is on
versatility. There is little need for a pure activity
incentive in June, for instance, when propaga-
tion is at its peak and enthusiasm is riding high.
So the V.H.F. Party rules are changed to promote
use of the higher frequencies, and to encourage
participants to use both of the major v.h.f. bands,
We want to draw operators from the low fre-
quencies, of course, but we want them to try all
the bands, and provide at least a beginning of
amateur utilization of our higher-frequency allo-
cations.

These, then, are some of the objectives. Are
they well served by the coutest forms presently
used? There is bound to be some weakness in any
contest set-up — but would 