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2 YOU WON'T BE SATISFIED UNTIL YOU OWN

the cqmplgtely new

o

~ VARIABLE D*

CARDIOID

DYNAMIC MICROPHONE

.

The 664 will equal a useful power increase
of four times over commonly-used peaked
microphones, and could well be the hest
investment, dollar-wise, in your shack

Here is a totally new concept in microphones for
amateur phone communication.

The cardioid (high directivity at all frequencies)
pickup pattern enables you to have a real “arm chair
QS0.” The forward gain of 5 db** allows you to speak
at nearly twice the distance you have been working to
a conventional microphone. Unwanted sounds in the
shack are rejected nearly twice as effectively as by
ordinarily-used non-directional microphones.

The response curve ig tailored to put the highest
degree of intelligibility on your carrier. Your 100%
modulation is all speech . . . in full character . . . with
bite and punch. This curve, compared to ordinary
microphones, will give you up to 12 db more usable
audio—without splatter or hash. :

We invite you to prove to yourself that the 664 will
outperform your present mike by a direct comparison.
If it doesn’t out-hurdle QRM, your distributor will
refund the purchase price without qualification.

New Variable D* Dynamic Microphone operates on the prin-
ciple of multiple sound paths to the diaphragm. Spaced
apertures to the rear of the diaphragm are phased to pro-
vide cancellation of rear sounds and give full response to
sound from the front.

This new principle enables the curve to be free from peaks
or dips. Insures freedom of blasting and boominess from
close talking. Eliminates effect from mechanical shock.
High level —55 db. Acoustalloy diaphragm. Switch easily
changed to relay control, if desired. Absolutely unaffected
by moisture, humidity, or temperature.

Mode! 664. Without Stand.............. Net Price: $47.70
Model 419, Desk Stand........... [ ...Net: 9.00

MODULATION 8 MAXIMUM POWER

#kForward gain is that compared to a
pressure mike; actual front-to-back *Patent
hemisphere pick-up ratio is 20 db. Pending

e Ybrec

ELECTRO-VOICE, INC. * BUCHANAN, MICH. * Export: 13 E. 40th St., N. Y. 1



® Right: the “why” of G-E “Operation Snow White”. Unretouched micro-
photograph of tube grid, shows a strand of lint which can easily cause

an inter-electrode short-circuit. Dust particles have similar effect.

® (ilass-paneled hoods for General Electric
5-Star Tube assembly and microscope inspec-
tion, assure working conditions of optimum
cleanliness. Employees wear rubber finger cots,

to avoid contaminating tube parts with dirt or
moisture. The entire “Snow White” area is air-
conditioned and pressurized, and all garments
are made of lint-free Nylon and Dacron.

G-E “Operation Snow White”” further increases
9-Star Tube high reliability!

Inoperatives among 5-Star Tubes have
been cut two-thirds by measures G.E.
has taken to provide lint-free, dust-free
assembly and inspection. 100% 5-Star
factory tests prove this gain in built-in
tube dependability.

Most tube inoperatives are the result
of intermittent “shorts” from lint and
dust. G-E “Operation Snow White”, by
means of pressurized, filtered, and de-
humidified air, plus numerous other
steps to accent working cleanliness, cuts
down on short-circuits at the source.
Result: 5-Star Tubes are the most trust-

worthy types that you can install!

Use them in civil-defense work, where
dependable communications are a
“must”’! Specially designed, built, and
tested, they're your foremost protection
against rig and receiver failures.

Your G-E tube distributor stocks
5-Star high-reliability tubes. See him
for full information! Tube Department,
General Electric Co., Schenectady 5, N. Y.

Progress ls Our Most Important Prodsct
GENERAL ELECTRIC

166-1B4
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why is the SX-96 the most wanted receiver on the air?

The Hallicrafters double conversion se-
lectable side band receiver offers major
improvements in stability by the addition
of temperature compensation in the high
frequency oscillator circuits and the use
of crystal controlled second conversion
oscillators. Hallicrafters highly selective
50 kc i-f system is used in this new pre-
cision-built receiver.

Coverage: Standard Broadcast, 538-1580 Kkc;
Three S/W Bands, 1720 kc—34 Mc, Band
1: 538 kc—1580 ke—Band 2; 1720 ke—
4.9 Mc—Band 3: 4.6 mc—13 mc—Band
4: 12 me—34 me.

Type of Gircuit: Double conversion superhetero-
dyne over the entire frequency range.

Type of Signals: AM-CW-SSB.

Features: Precision gear drives are used on both
main tuning and band spread dials. Double
conversion with selectable crystal con-
trolled second oscillators. Selectable side
band reception of both suppressed carrier
and full carrier transmissions by front
pane! switch, delayed AVC, CW opera-
tion with AVC on or off. Calibrated band-
spread, “S” meter, low drift, double con-
version superhet.

Controls: Sensitivity, band selector, volume, tun-
ing, AVC on/off, noise limiter on/off,
AM/CW-SSB, Bandspread, selectivity,
pitch control, response (pwr on/off, LSB,
USB—2 tone pos.), receive-standby.

hallicraﬂers

Hicrafters «
&‘mtt s

Intermediate Frequencies: 1650 kc and 30 ke.

Tuning Assembly and Dial Drive Mechanism: Sep-
arate 3 section tuning capacitor assemblies
for main tuning and bandspread tuning.
Circular main tuning dial has 0-100 log-
ging scale. Bandspread dial is calibrated
for the 80, 40, 20, 15, and 11-10 meter
amateur bands.

Selectivity: Five steps of bandwidth calibration
at 6 db points; 5 ke, 3 ke, 2 ke, 1 ke,
and .5 ke.

Antenna Input Impedance: Balanced/unbalanced.

Headphone Output impedance: Nominal 500 ohms.

Audio Output Impedance: 3.2/500 ohms.

Automatic Noise Limiter: Series noise limiter oper-
ated by toggle switch on front panel.

Carrier Level Indicator: Calibrated in “$” units
from 1 to 9, decibles to 90 db over 89,
microvolts from 1 to 1000 k.

External GConnections: 3.2/500 ohm speaker ter-
minals, terminals for single wire or doub-
let antenna, phono jack, AC power cord,
socket for DC operation and remote con-
trol. audio output terminals, “S” meter
electrical adjustment and mounting hole
for co-axial cable connector. Phones jack
on front panel.

Audio Power Output: 1.5 watts with 10% or less
distortion,

Power Supply: 105/125 V, 50/60 cycle AC.
Model SX-96—-$249.95
Matching R-46B Speaker—$17.95

4401 West Fifth Avenue
Chicago 24, lilineis

R




CRYST AL Skip around as your heart desires ... be a

bandhopper with a vengeance . .. and yei
retain the priceless advantages of crystal

CONTROLLED conirol. All you need is a half-dozen or

more PRs. Multiple crystal operation is the

answer to today’s maddening QRM prob-

BUT N OT lems on phone or CW. It's most economical,
—— too. See your jobber and select low-cost

PRs f hi 11-f i tock. B
”ROCK BOU N Dn gy;s:s ;(::: ‘hzs bc; ndl:equencxes stoc e a

20 METERS, Type Z-3, $3.95 « 40, 80 AND 160 METERS, Type Z-2, $2.95

N
AND KNOW WHERE YOU ARE

PETERSEN ~ RADEO COMPANY, INC.
2800 W. BROADWAY .= COUNCIL BLUFFS, IOWA

EXPORT SALES: Royal National Company, Inc., 8 W. 40th Strcet, New York 18, N. Y,




Section Communications Managers of the ARRL Communications Department

Reports Invited. All amateurs, eapeuallv League members, are invited to report station activities on the first of each
month (for preceding month) direct tn the SCM, the administrative ARRL o'ticial elected by members in each Section.
Radio club reports are also desired by SCMs for inclusion in (ST. ARRL Field Organization station appointments are

available in the a
d.pplx(:atmns for &

to join the Amateur Radio timergency Corps (ask for Form 7).

ATLANTIC DIVISION

tastern Pennsylvania
Maryland-Delaware-D,
Southern New Iersoy
Western New York
Western Pennsylvania

WIPY L
WIPRL
KIBG

W2sIv
WINCD

shown to qualified League members. These include ORS, OES, OPS, OO and OBS. SCMs also desire
EC, RM and PAM where vacancies exist. A/ amateurs in the ‘United States and Canada are invited

[§ larenc« hnvder 717 Porter St.

‘.7()7 Woodbine Ave.
Herhert L Brooks #0U Lincoln Ave,
Edward Graf King St,
K. M. Heck RED 1
CENTRAL DIVISION.. .

Tilinois
Indiana
‘Wisconsin

e

Easton
Raltimore 7, Md.
Palmyra
Tonawanda
Sharpsville

George Schreiber 239 S, Scoville Ave.
George H, Graue 824 Home Ave.
Reno W. Goetsch 929 S 7th Ave.
DAKOTA DIVISION,

North Dakota
¥Bouth Dakota
Minnesota

"Crak Park

Fort Wayne 6
Wausau

Elmer J. Gabel
.8 Price Cluster btate Park
Charles M. Bove 161134 E. Lake St.
DELTA DIVISION.

Arkansas
Louisiana
Mississippi
Pennessee

W4SCF

Hankinson
Hermosa
Minneapolis 7

Owen (. Mahaffey Box 157
Thomas J. Morgavi 3421 Beaulieu St.
Lx Blakely 104 N. Poplar St,

1863 So. Wellington St.

Kentucky
Michigan
Ohio

W4sBL
WSERALE
WSA W

(:REAT LAKES DIVISION.

Springtown
New Orieans 20
Greenville
Memphis

831 Central Ave., { Kentucky side)

409 Liberty
John E. \mngcr 2972 Clague Rd.
HUDSON DIVISION.

hastern New York
N. Y, C, & Long Island
Northern New Jersey

WL
W2TUK
W2VOR

Williamson, W. Va.
Buchanan
{leveland 26

“tephen J. Neason 794 River St.
Harry J. Dannals 130 East 7
Lloyd H. Manamon 709 Seventh Ave.

MIDWEST DIVISION.

{owa

Nebraska

WPBDR

VV@ILV
WeGEP

WACBH

ranne Drive

Troy
Farmingdale, L. I.
Asbury Park

Russgell B. Marquis 807 North Fifth Ave.
karl N, Johnston 1100 Crest Drive
ames W. Hoover 15

Hloyd B, Campbell W. 8th St.

Connecticut

Maine

Fastern Massachusetts
Western Massachusetts
New Hampshire
Khode Island

Vermont

WIEFW
WIBPI/VYA
WIALP

Sandringham Lane

Marshalltown
Topeka
Ferguson 21
North Platte

NEW ENGLAND DIVISION.

Milton E, Chalifee 53 Homesda.le Ave.

Allan ). Duntley

Frank L. Baker, jr. o1 Atlandc St.

Oshorne R McKLraghan "2 Mutter St,
Harold J. Preble ute

Walter B, Hansnn. ir. ’54 Locust St.

Robert L. Seott 108 Sias Ave,

NORTHWESTERN DIVISION

Alaska
idaho
Montana
Oregon
‘Washington

Southington
Caseo

North Quincy 71
Easthampton
Concord
Providence 6
Newport

Dave A, Fulton 103
21()5 Irene St,

Alan K, Ross

Leslie E. Crouter 618 Yellowstone Ave,
HEdward F, Conyngham 11901 Powell Blvd,
Victor S. Gish 811 East 7ist St,

PACIFIC DIVISIO

Hawaii

Sacramento Valley
San Joaquin Valley

KH6AED
W7IU
WEWGO
WORLE
WwWoeGGo

Wo6JDN
WeGIwW

Anchorage
Boise
Billings
Partland
Seattle §

N.
‘*aamuel H. Lewbel PO, Box 3564
Ray T. Warner 339 Birch St.
R, [—'aul Tibbs 1946 Harmil Way
(zuy Black 281 Loucks Ave.
Walter A. Buckley 36 Colonial Way
Harold L. Lucero 1113 Elinore Ave.
Edward L. Bewley 421 Hasat Olive St.
ROANOKE DIVISION.

North Carolina
South Carolina
Wirginia

West Virginia

WAWXz
WIANK

Honolulu
Roulder City
San Jose

Los Altos

San Francisco
Trunsmuir
Turlock

Charles H. Brydges 3246 Sunset Drive

1. Hunter Wond 1702 North Rhett Ave
[nhn Carl Morgan
‘Albert H. Hix 1013 Belmont St,

Coigrado
Uitah
Wyoming

WoCnDx
WIUTM
WIPKX

“% Radio Station WF VA Box 269

Charlotte

North Charleston
Fredericksbur;

Forest Hills, Charleston 4

~-ROCKY MOUNTAIN DIVISION.
hdrl Bruegreman 1945 Kearny 5t,
Floyd L. Hingshaw 65 Hast 4th, North
Wallace J. Ritter P.O. Box 79 7
SOUTHEASTERN DIVISION.

Alabam:
Fastern E lorida
West(‘rn Florida

V4 MI
WAFWZ
\V4MS

WANS

West 1nd1es {Cuba-P.R.-V.1.) KP4D]J

Canal Zone

KZ5RM

Denver
Bountiful
Sheridan

Joe A. Shannon

ohn W. Hollister 3809 Springfield Blvd.
Hdward 7. Collins 1003 £, Blount St.
George W, Parker 226 Kings Highway
William Werner 563 Ramon Llovet
Roger M. Howe Box 462

SOUTHWESTERN DIVISION

108 Angeles
Arl

a
Sunta Ba:bara

WECMN
WILVR
W6IRU
WEOIW

Cottondale
Jacksonville
ensacola

Balboa Heuzhts, L. z,

William J. Schuch 6707 Beck Ave.
Albert Steinbrecher RED §, Box 800
1Llon Stansifer 4427 Pescadero
William B. Farwell 90 Grapevine Road
WEST GULF DIVISION

North Hollywood
Tucson

Ban Diego 7

Oak View

Northern [exas
Yklahoma
Southern Texas
New Mexico

WsIGD
WERST
WI0hx
WEEPR

T. Bruce Craig 1706-27th
Dr. Will G, Crandall
Morley Bartholomew , Box ¢
Einar H. Morterud 2717 Quincy St., NL.E.

CANADIAN DIVISION.

Maritime
tntario
Juebec

Alberta

Bntish Columbia
Yukon

Manitoba
Saskatchewan

VEI(‘)M

VE4HL
VESHR

* Official appointed to act temporarily in the absence of a regular official.

;S{tg.te Veterans Hospital

Lubbock

Sulphur

Austin

Bel Air Albuquerque

r)ouglas . Johnson 1114 Preston Ht.
;. Eric Farquhar
Gordon A. Lynn R.R. No.

10706-57th Ave.
981 West 26th Ave.

luo—lzth N.W,
1044 King 5t.

Sydney T', Jones
Peter M. Mclntyre
John Po]mark
Harold R. Horn

16 Emerald Crescent _

Halifax, N. 8.
Burlington, Ont.
Ste. Genevieve de
_ Pierrefonds, P. Q.
Edmeonton, Alta.
\% ancouver. . CL

Purtage la Prairie, Man.
Saskatoon
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Chicago 24, lllinois

2-way FM radio telephone for 30 to 54 Mc. and 144 to 173 Me.
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“It Seems to Us..”

ELECTIONS

Our frequent contention that amateurs are
pretty much a cross-section of the population
is borne out in yet another way by comparing
the percentage of votes cast in ARRL director
elections with those of national political elec-
tions. Over the past six U. 8. Presidential elec-
tions the national vote has ranged from 51 to
62.7 per cent, while in the League’s director
elections the vote, in the past five years, has
ranged nationally from 53 to 59 per cent, with
some division votes as low as 48, and some as
high as 65, per cent of those eligible. These
figures show that, by and large, amateurs are
ag interested in the affairs of their organization
as citizens generally are in national affairs,
This, to us, is a sign of the strength of the
organized amateur movement, and speaks well
of amateurs as & group.

But curiosity moves us — what happens to
the other forty per cent? Have they an active
interest in League affairs? Do they realize that
the ARRL directors are the people who make
the long-range plans and decide policy matters
for all League members? . . . that men of
judgment and wisdom are needed? If they did,
it would seem that the vote would be nearly
100 per cent, for all would be anxious to
choose the man they believe most qualified
for the director position.

The usual reasons why one may not be able
to cast a ballot in a political election don't
often operate in League elections. Transporta-~
tion to the polls is no problem — the ballot-
box is your mail box. The difficulty in obtain-~
ing absentee ballots doesn’t apply — all our
votes aure “absentee.” Temporary absence
from town on business won'’t stymie you — the
voting goes on continuously from October first
to November twentieth.

One more thing is important —— you can’t
vote for the man you think best if his name
isn’t on the ballot! Don't leave it to someone
else — if you have someone in mind you be-
lieve has the qualities and qualifications of
directorship, get up a nominating petition
signed by ten or more Full Members, and send
it into the Secretary before the 20th of Sep-
tember.

Let’s make a new record for participation
in this autumn’s election in the Atlantic,
Canadian, Dakota, Delta, Great Lakes, Mid-
west, Pacific and Southeastern Divisions. Full
details are on page 50.

MOBILE MANUAL

League Hq. takes pleasure in announcing
the preparation of o new publieation, The
Mobile Manual for Radio Amateurs, another
addition to the ARRL Radio Amateur’s Li-
brary. Now printing, it will be available some-
time in August.

Like its slightly older brother, Single Nide-
band, the mobile manual is another demonstra-
tion of the thorough coverage ST provides in
g specialized field, in this case mobile — for
nearly all the material has come from the
pages of our monthly journal over the past
few years. The result is what you might expect
-~ veritable encyclopedia on mobile tech-
niques — design, construction, installation and
operation.

Q-R-MARY

One of the most important and useful tools
of the voice operator is phonetics. When con-
ditions are rough and readibility is poor, the
use of phonetics can be the difference between
communication and no communication. It
seemns to us, however, that sometimes we carry
it to extreme.

In identifying your cull sign, by all means
use phonetics — anytime. But when a 'phone
signal is Readability 5 (and except in DX,
whoever heard a lesser report?) the only other
reason to use phonetics is something like trans-
mitting a trick word, or the address of a mes-
sage. Yet you've heard many. an R5 voice say-
ing, “. . . here in Schenectady, S-Susan, C-
Charlie, H-Henry. . . . 7 Or it might be Phil-
adelphia or Detroit, Springfield or Milwaukee.
Or simple operator names like Joe and Bill.
There’s no need for such phonetics unless your
name is Zzyinsklf or unless you live in Bfftsplk
Park.

Queen-Roger-Mary and Queen-Tare-
Charlie are other cases in point. It has always
been a source of amazement that so many of us



install & modulator for the enjoyment of voice
communication, and then continue to use
abbreviation methods which were designed for
telegraphy and never would have come into
existence without their need in telegraphing.
“QRM" is for the c.w. operator, to save his
time in otherwise having to spell out *“‘inter-
ference.” Voice frees the operator from the
need for such abbreviations. 'Phone is much
too useful a system of communication to be
burdened with techniques designed for an
entirely different mode. Say it with words!

A.B.R.L. ROANOKE DIVISION
CONVENTION

Old Point Comfort, Va.— August 12th, I13thand 14th

The ARRL Roanoke Division Convention is jointly
spunsored this year by the Peninsula Amateur Radio Club
and the Tidewater Mobile Radio Club. Convention Hq. will
he the Chamberlin Hotel, Old Point Comfort, Virginia.
Registration will begin Friday at 5 p.M., followed by a
general get-together and daneing in the exclusive private
Chamberiin Room Club. On Saturday there will be out-
standing speakers on single sideband, antennas, and other
subjects. There will be forums on ’phone and ¢.w. nets,
X round-up, single sideband, MARS, Navy, TVI,
RACES and AREC. At the banquet there will be no long
speeches but lots of entertainment.

For those who have small children, the hotel will place
cots in your roomn at no additional cost. There will be
special programs for children under supervision of trained
personnel; also s private dining room for the children
during the banquet so that you may be free to enjoy your
meal. We hope to have baby sitters that may be employed
at the prevailing rates to free you for an evening of daneing.

There will be trips for the ladies to Williamsburg, Jares-
town, and Yorktown. A salt-water outdoor pool and a beach
are available on the hotel gronnds.

Regdstration fees as follows: full convention privileges,
including banquet and dancing, $6.00; Novices under 20
vears of age, $4.00. There is a special rate of $10.00 for the
OM and XYL. Hotel rates, $5.00 single, $8.00 double, und
up.

The convention committee fecls that you will enjoy and
long remember your stay at this wonderful hotel and its
Houthern hospitality, with its wonderful food, vutdoor salt-
water pool, beautiful rooms and views overlooking
Chesapeake Bay and Hampton Roads.

Reservations should be sent to Jefferson H. Walker,
W4AAD, 27 River Road, Warwick, Va.

Hotel reservations should be sent to The Chamberlin
Hotel, Old Point Comfort, Va.

COMING A.R.R.L. CONVENTIONS

August 12th-I11th — Roanoke Division,
Old Point Comfort, Va.

September 3rd-4th —South Dakota
State, Yankton, 8. D.

September 30th-October 1st-2nd —
Southwestern Division Convention,

San Diego, Calif.

October 15th-16th — Central Division,
South Bend, Ind.

October 22nd-23rd — Midwest Division,
Omaha, Neb.
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The somewhat dubious honor of heing the first
ham to cause "TVI may belong to Tom Marshail,
W5RFF. Here's his story: * Back in 1936 or '37
New Haven, Coun., was celebrating its 300th
hirthday, and I set up a ham station at a booth
in the armory. Among the exhibitions was a
demonstration of television by the Baird outfit ~—
seanning disk, neon-bulb receiver, and so on.
During one of the TV shows the director came
sereaming out of the Jdarkened tent and made
straight for the ham station — yep, we were
tuking his picture out! To keep peace, we installed
a push-button at the TV demonstration and a red
light at our station, so when the light went on we
stayed off.”’

As W5RFF says, “What a claim!” But it's
probably another ham *‘first.”

Here's another one for the * What's in a call?”
department: WNIFEM is a YL. Elizabeth M.
White, New London, Conn., but WIMRS, Ralph
Saija, Brookline Mass., is an OM!

Tronie, isn’t it? Sir Robert Watson Watt, the
noted radar pioneer, was fined twelve dollars by
Kingston, Ont., authorities for speeding. The
police had clocked his car — with radar!
I.R.T.8. News

— 0 ¢ w—

W5RFF has been using the multivibrator cir-
cuit of Dudley’s 50-ke. frequency marker (p. 14,
March, 1955, QST) to get 10-ke. intervals, the
only change from the original circuit being to
substitute 500-uuf. silver micas at o and Cn.
The multivibrator locks readily with crystals
ranging in frequency from 100 to 600 ke. (at even
100-ke. intervals, of course, for 10-ke. output).

W. Bert Knowles, VE3QB, for 22 years ARRL’s
QSL Manager for all VE3s, was recently the vie-
tim of a fatal accident.

From the inception of the present system of
Burean Managers, in August, 1933, Bert had
served the hobby he loved so well. There is no
question that the major portion of his hobby time
was devoted to the tedious job of handling DX
QSLs for fellow hams. Bert Knowles’ ham career
is an outstanding example of unselfish service to
the fraternity.

OUR COVER

The diminutive unit shown on this month's
cover is a streamlined modern version of the
“Little Gem' which appeared in QST almost a
decade ago. This new measuring device features
compactness, simplicity and versatility. For more
information see ‘“The Transistorized ‘Little
Gem’” by QST Technical Assistant K. Laird
Campbell, W1CUT.

QST for



An Improved Antenna Bridge

Increased Accuracy and Convenience in Impedance Measurements

BY R. WADE CAYWOOD,* WIKRD

¢ Most earlier designs of simple variable-
impedance bridges for antenna and
other r.f. impedance measurements have
been open to serious objections because
of inherent inaccuracies. Described here
is a circuit that overcomes these objec-
tions and offers greater econvenience in
operation. Also deseribed is a balun of
novel construction for eliminating errors
in measurements on balanced lines and
loads.

and resonant frequency of an antenna, to

check the standing-wave ratio on a transmis-
sion line, to find receiver-input impedance, and
to make many other rf. impedance measure-
ments. The untenna bridge described here offers
an improved means for making these meusure-
ments, and at the same time is simple in design
and eusy to construct and use.

Fig. 1A is the fundamental circuit of a stand-
ard Wheatstone bridge. Fig. 1B shows two adap-
tations of the Wheatstone bridge for radio-
frequency messurements; the similarity between
these diagrams and the basic d.c. resistance bridge
is obvious. In the development of such bridges. a
subscquent step was that of using the adaptation
in Fig. 1B to make a fixed-impedance standing-
wave-ratio bridge. The schematic circuit diagram
of such a bridge is shown in ¥ig. 3C. Hw can be a
Sl-ohm carbon resistor for 50-ohm coaxial line.
The two ratio arms consisting of RaC's and R3Cs
are identical so that the bridge unbalance is
minimum when the impedance conneeted to the
output jack is equal to 51 ohms and is a pure
resistance. If the impedance differs from 51 ohms
the meter reading will not be zero and the in-
strument can be calibrated either in terms of
impedance or standing wave ratio. However, at
impedances other than 51 ohms, the accuracy of
measurement frequently is not too good.!

In an attempt to avoid being restricted to a
fixed impedance, bridges have been made using a
potentiometer in one arm. This seems like un
vbvious solution, but there ure several disad-
vantages to this type of bridge. Principally, there

IT is often desirable to determine the resistance

# Chief Engineer, James Millen Mfg. Co., Malden, Mass.

L This is partly because the accuracy of such a bridge tends
to decrease, as a practical matter, with an increase in the
ratio of the impedances in the unknown and standard arms,
Also, as hus been pointed out many times in QST and the
Handbook, for accurate messurement it is essential that the
indicating circuit have good linearity and extremely high
impedance compared with the bridge impedance, and that
the r.f. input voltage be maintained constant when the
load is disconnected or short-circuited for the reference
voltmeter sctting. — Ep.
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is a substantial frequency error because a poten-
tiometer is not & pure resistance but a combina-
tion of resistance and reactance, and as the arm of
the potentiometer is moved, the ratio of resist-
ance to reactance changes. Hence the accuracy of
measurement is relatively poor and the calibra-
tion depends on frequency. Thus the substitution
of a potentiometer in the simple fixed-resistance
bridge is not too good a solution.

A disadvantage of bridges using all resistance
arms is that the r.f. power requirements, while
not large in terms of watts, are often greater than
ean be supplied by a grid-dip meter. It therefore
becomes necessary to use a transmitter to supply
the power, but since even a low-power transmitter
generally has an output sufficient to overload the
bridge components, some provision must be
made for reducing the power to the proper level.
A grid-dip meter would be a more convenient
power source,

A circuit suggested by 8. W. Seeley, W2ZE,
offers the possibility of very considerable im-
provergent in both respects. In this arrangement
a differential eapacitor supplies the variable
components of an adjustable-impedance bridge,
and since capacitance can be measured much

NULL
DET

-
)

Fig. T—'The basic Wheatstone bridge (A) and
adaptations (B) for r.f. use. () is a typical practical
circuit for a bridge with fixed-resistance arms. €y, Gz
and Czin this circuit are blocking capacitors,
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The simplicity of the bridge is evident from its ap-
pearance. The unknown impedance to be meusured is
connected to the coaxial jack on the side, and r.f, from a
grid-dip meter is coupled to the loop at the left.

more accurately than resistance at r.f., and ean
eagily be kept “pure” at ordinary frequencies,
a high order of bridge accuracy becomes possible.
A differential capacitor is a dual ecapacitor so
arranged that as the shaft is turned the cupaci-
tance of one unit decreases by the same amount
that the capacitance of the other increases; in a
bridge, the two eapacitors become the variable
ratio arms. The practical form of W2ZE’s circuit
is shown in Fig. 2, where € is the differential
capacitor. C; does not use up any of the r.f, input
power, and when a microammeter is used as an
indicator, the circuit will operate well from a grid-
dip meter source even with loose coupling.

The only fussy part of the bridge is the differ-
ential capacitor. For compactness and reduction
of stray effects this capacitor, like the one shown
in the accompanying photograph, should be de-
signed especially for the purpose. Two identical
single capacitors, ganged together so that one is
st maximum when the other is at minimum
wapacitance, may be usable; however, the fre-
yuency crror will be greater even though the
assembly is kept as compact as possible to mini-
mize stray inductance.

‘The differential capacitor which is the heart of the
bridge eircuit. The copper shielding fastened to the
rear end plate is to prevent stray coupling to other
components in the bridge.

12

Construction

The photographs show the construction of a
bridge built to W2ZE’s design. As can be seen by
looking at the inside view, the unit is not at all
complicated; however, it is advisable to stick to
the suggested components and layout. Obviously
it is undesirable to have unnecessary lead in-
ductances or capacitances between bridge arms.
As shown in the inside view of the bridge and in
the photograph of the differential capuacitor, a
copper shield is placed around the top part of
the capacitor to shield the stators from the other
elements of the bridge. Since the calibration ue-
curacy at the upper end of the frequeney range is
limited by stray capacitances between bridge
elements, the addition of this shiclding raiscs the
upper frequency Hmit at which the bridge main-
taing its accuracy. With the shield around the
condenser the frequency error is very small up to
at least 50 Me.

The choke in the bridge is & miniature pow-
dered-iron-core layer-wound solenoid. The lead

[ ahutmdinls bkt ]
A
i, - 1
s 1A CIB
i¢ I
CR, é C;
U: RFEC
J’ %R‘
i
0-50
Jz

Fig. 2 — Bridge circuit using differential capacitor
for adjustment of impedance ratio.
€y — Differential capacitor, 11-161 puf. (Millen 28801),
Cz — 0.01-4f, disk eeramic.
Ry — 51 ohms, 2-watt composition, 5%, tolerance.
J1 — Crystal socket.
J2 — Coaxial connector.
RFC —- Miniature choke, 200 ph., iron core (Millen
J300-200).
CRy — Germanium diode, IN34A suitable.

between the coaxial input connector and the
capacitor is a short piece of flat copper ribbon.
Any revision in the layout that results in longer
leads will tend to result in increased frequency
erTor,

The Type 1N34A germanium diode was used
because it is satisfactory and because it is gen-
erally available, Other types should be equally
satisfactory, however,

R.f. is introduced into the hridge circuit
through the erystal socket shown af the bottom
of the unit in the inside view. Three plug-in
pick-up loops are used for coupling the output.
of a grid-dip meter to the bridge. These coils
bave 1, 3 and 10 turns, respeetively, and are
mounted on Millen 37412 300-ohm transmission
line plugs. The 10-turn coupling coil, which is
114 inches in diameter, resonates in the bridge

over the approximate range 5.2 to 8.8 Me., de-
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Fig. 3 — Calibration curve of the bridge shown in
Fig. 2 and the photographs,

pending on the impedance (that is, capacitor)
getting. The 3-turn coupling coil, also 115 inches
in diameter, resonates from 15.5 to 30.5 Me. and
the I-turn coupling coil (1 inch in diam-
eter) resonates from 32 to 84 Mec. With
the bridge set to 50 ohms the 10-turn
eoil and the 3-turn coil result in the sume
coupling at 12 Me.; conscequently, the
10-turn coupling coil should be used for
meagurements below 12 Me. The 3-turn
coil and the I-turn coil result in ap-
proximately the same coupling at 40 Me.;
consequently, the 3-turn coil should be
used for measurcments between 12 and
40 Me. and the I-turn coil should be used
above 40 Me. In general, the coupling
coil closest to resonance at the particular
eapacitor setting in use should be chosen.
It is, of course, possible to make cou-
pling eoils that will be resonant at the
particular frequency for which a meas-
urement is desired, but experience has

¢

Inside view of the bridge. Com-
ponents are easily identified with the
possible exception of the miniature
choke, which is mounted between the
left-hand meter terminal and the
junction between the 1N34A and the
ceramic blocking capacitor.

¢
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shown that the three coils suggested cover the
range adequately. Other coils would be required
only under certain very special circumstances.

The 3-turn coupling coil was made by thread-
ing the 3 turns through a piece of spaghetti cut
to the proper length. The 10-turn link ecan be
wrapped in insulating tape and thoroughly
doped in coil cement, or the coil can have a
coating of vinylite built up on it by repeated
dipping in liquid vinylite material which isreadily
available for caulking and waterprooting. This
material apparently has no harmiul effect upon
the coils.

Calibration

The theoretical ealibration of angular setting
of the capacitor rotor vs. impedance is a shallow
S-shaped curve, when plotted on semilog paper,
symmetrical with respect to the design center
impedance. The curve for the bridge described
here is shown in Fig. 3.

A similar eurve ean be constructed for a given
bridge by connecting carbon resistors of various
values between 5 and 500 ohms to the output
connector and adjusting the capacitor for a null
in each case, using a calibrated grid-dip meter as
the source of an r.f. voltage of known frequency.
A similar procedure at various frequencies within
the range of the grid-dip meter will show whether
there is any appreciable frequency error, and if
so, the frequency at which it tends to become im~
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portant. Lead length between the body of the test
resistor and J2 should be kept to a minimum,
particularly with the lower resistance values.
For highest calibration aceuracy the test re-
sistors should be measured with an accurate re-
sistance bridge or ohmmeter so their actual re-
sistance is known. If suitable instruments are not
available for measuring the resistances, resistors
having 5 per cent tolerances or less should be used.

Applications

When used with coaxial lines or other loads that
can have one side grounded, the bhridge is applied

Two views of the wound balun This eireuit covers
the 10-20-meter range. Similar baluns for other fre-
quencies may be designed and constructed by the
method outlined in the text.

to amateur untenna and impedance problems in
exactly the same way that the vider-type bridges,
both fixed and variable, have been applied. Since
this subject. has been very adequately covered in
amateur publications, we will add only a few notes
here. The only real difference between this and
the previous instruments is the ease with which
measurements can be made and the improved

14

aceuracy. The rf. input to the bridge is not
eritical, but with a 50-microampere meter move-
ment such us is used in the eircuit shown, the
meuasurements should begin with loose coupling to
avoid the possibility of dumaging the meter.
Actual use of the instrument is very simple and
in general the procedure for measuring im-
pedance is as follows:

1) Couple an rf. voltage of the desired fre-
quency to the bridge.

2) Adjust the coupling by moving either the
bridge or the r.f. source so that the meter indi-
cates about 40 microamperes.

3) Connect the unknown impedance to /5.

4) Adjust the dial for minimum meter reading.

5) Read the value of the unknown impedance
from the calibration.

In this connection, it should be noted that the
impedance being measured may not be a pure re-
sistance, in which event the minimum reading
will not be an actual null. If a good null (meter
reading zero or very close to it) cunnot be oh-
tained, the Dbridge calibration does not hold.
{This is true of any bridge eireuit which does not
incorporate special means for separating the re-
sistive and reactive components of the unknown
impedance.) Conversely, & complete null does in-
dicate that the unknown impedance is u pure re-
sistance. With complex unknowns, the reactive
component ean be tuned out by one of a number
of well-known methods, leaving only the resistive
component to be meusured by the bridge. In such
a case, the criterion for proper reactance com-
pensation is the fact that the null is complete,

For s.w.r. checks the bridge capacitor should
be set. to the calibration point corresponding to
the characteristic impedance of the coaxial trans-
mission line in which the s.w.r. is to be meusured.
"This setting should be left unchanged during any
subsequent adjustments to matehing devices, the
object heing to adjust the matching cireuit to
obtain the lowest possible reading on the meter.
As is usual, a complete null indicates a I-to-1
standing-wave ratio.?

Balanced lines or loads may be measured with
the bridge by using a circuit that provides suit-
able balanced-to-unbalanced coupling between
the bridge and load. The w onnd batun devised by
W2ZE and described below is a very convenient
form of such circuit.

The Wound Balun

A wound balun is simply un accurate 2-to-1
uuto transformer with the residual reactances

2 Although the factors wentioned in Footnote 1 do not
affect the accuracy of impedance measurcwent with the
bridge described. since the bridge is always adjusted for u
null in such measurements, they do apply with full weight
ta the measurement of atandmg-“a‘e ratios higher than 1
to 1. For s.w.r. measurement, provision for checking the
input voltage should be included in the eircuit of Fig, 2,
aud a resistance of at least 10,000 ohms — preferably as
mueh as 50,000 — should be placed in series with the
microammeter. However, these precantions are not neces-
sary for purely qualitative comparisons nor for facilitating
raatehing-cireuit adjustments where the ubject is to attain
the lowest possible meter reading. Most amateur uses of an
s.w.r. bridge are in this category. — Ep.
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A balun for 40 and 80 meters, using
150-0hm Twin-Lead (Amphenof 11-079
or Alpha 1151) for the bifilar winding,
There are 8 turns of T'win-Lead on
2%4-inch diameter bakelite tubing. The
shunt tuning capacitance for 80 meters
is 02 upf.s no shunt eapacitor is needed
for 40 meters. The series capacitance
for 80 meters is 0.0045 pf. und for 40
meters is 0.001 of,

This model uses a female eoaxial
connector, which accounts for the
donble-ended male conncector shown in
place.

¢

tuned out and as tight coupling as possible be-
fween the two halves of its total winding. If the
impedance ig measured between g grounded
center-tap and one terminal of the winding when
a balanced load is connected across it, the 2-to-1
turns ratio produces a 4-to-1 step-down in the
impedance measurement. For example, & prop-
erly-terminated balanced 600-ohm line connected
to the outside terminals of the winding would be
measured as 150 ohins between the grounded
center-tap and either ‘end. This means that the
reudings of the antenna bridge must be multiplied
by four when using the balun. Thus the range of o
5-500-ohm bridge hecomes 20-2000 ohms for
halanced loads. This coincides with the usual
higher impedances of balanced lines. Use of u
halun maintains balance during measurement and
thus obviates the wild errors usually encountered
when one tries to measure any balanced-line im-
pedance without first converting it to a single-
ended load.

There are five principal requirements for the
congtruction ol an aceurate wound balun:

1) The two halves of the winding must be as
nearly equal and as symmetrically positioned as
pousible.

2) The ecoupling between the two hulves of the
winding must be as close to 100 per cent as
possible.

3) The ¢ of the winding must he high.

41 The total inductance must be resonsted to
the frequency of operation hy a shunt capacitor
across the balanced terminals.

8) The residual leakage reactances should be
tuned out by means of & capucitor in series with
the “hot” single-ended terminal.

These five objectives are accomplished in
the following manner:

Symmetry and tight coupling, (1) and (2), are
obtained by making the two halves of the winding
bifilar. In the 10-20 meter balun illustrated “the
2-inch diameter lucite form is wound with its
$-turn windings puired in double-thread, 7 t.p.i.
lathe-cut grooves. In winding, the wire sturts at
the beginning of one thread, continues for three
turns to the end of that thread, goes through a
hole to the inside of the form, back to a hole
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leading out to the start of the second thread,
then continues in that thread for three more
turns to the end of the winding. The center of
the wire, where it goes from the end of the first
thread to the beginning of the sccond, is the exact.
physical (and electrical) center of the two wind-
ings. That point is joined by a short, heavy strap
directly to the body of the male coaxial connector.

The @) of the illustrated balun turned out to be
235 at 14.3 Me., which is the equivalent of about
# 50,000-ohm resistor in shunt with the balanced
load to be measured. This causes an error of about
4 per cent in the reading of a 2000-ohm load but
only I per cent for a 500-ohm load.

When this balun was tuned to operate at 28
Me., it showed almost exactly the same shunt
resistance. Several transmission-line haluns that
were tried showed four to five times the error of
this wound balun due to their lower ().

Funing out the residual reactances of the
wound balun ean be done rather easily with the
aid of a grid-dip meter. The problem is somewhat
simplified if one first calculates the amount of
capacitunce required to resonate the total wind-
ing to the center of the frequency band in which
it is to be used. In the case of the illustrated
bahumn, the Lightning Caleulator indicated 2.6 uh.
which would require a. total capacitance of 49 uuf.
to resonate it to the center of the 20-meter band.
Tt was estimated that the coil distributed capaci-
tance would be about 10 uuf. so a fixed 39-pupf.
ceramic was connected across the balanced termi-
nals. The grid-dipper then showed resonance at
14.3 Me., which was plenty close enough. -

At first it was thought that the small residual
leakage reactances eould be tolerated without a
correcting condenser in series with the -sifgle-
ended output. But it turned out to he such an
easy job to find the correct value and put it in,
and the increased accuracy thus gained was so
immediately spparent, that it seems well worth
while to include it.

As-a starter, it was assumed that the leakage
inductance of the coil and leads would be some-
where in the neighborhood of 2 to 3 per cent of
the total coil inductance. This would take a con-

(Coniinued on nage 110)
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The Transistorized “Lititle Gem

A Versatile R.F. and D.C. Meter

BY E. LAIRD CAMPBELL, WICUT

sistor use in amateur radio. Recently, how-

ever, low-cost transistors have been made
available, and we can expect to sce them in fre-
quent use. Since the transistor is very small, light,
in weight, rugged and easily powered by a small
pen-light cell, its logical application is to portable
equipment. The above advantages obviously add
up to the transistor's application to portable
measuring devices for the ham. The instrument
described here can be used in five different ways:
field-strength meter, wavemeter, microammeter,
milliammeter, and 'phone quality monitor. It is a
“natural” for mobile work as it can be carried
about without restricting wires or bulky batteries.

The transistor in this unit operates as a current
amplifier to multiply the input signal to a value
high enough to be indicated on a 0-1 milliam-
meter. This allows a less expensive and more
rugged milliammeter to be used instead of the
usual expensive microammeter.

The diagram of Fig. 1 shows the circuit of the
instrument. When used a8 a ficld-strength meter
or g wavemeter, the signal from the source to be
measured is received by the antenna and tuned
by LiCi. It is then rectified by the erystal diode
and impressed on the transistor where it is ampli-
fied and indicated on the meter. Since the
transistor inherently has a statie collector current
under no-signal conditions, some means must be
provided to electrically balance or zero the meter.
This is accomplished by adjusting the variable

THE high cost of transistors has limited tran-
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e Almost 10 years ago (January., 1916)
QST carried a deseription of the “‘Little
Gem,” an absorption-type wavemeter
that doubled as ’phone monitor and
ficld-strength indicator. By adding the
zain of a transistor d.c. amplifier stage,
the sensitivity of the gadget is increased
considerably, and what is normally a
milliamnmeter becomes a microammeter.
This will be found to be a handy and
useful instrument to have around the
shack. Once you have used it you will
see why it is called the **Little Gem.”

resistance, Rj. If the signal being measured is
very gztrong, no external antenna will be necessary
for full-scale deflection. When more sensitivity
is needed, a short picce of stiff wire can be con-
nected to the antenna binding post.

1f it is desired to check the quality of a 'phone
signal, it is only necessary to plug a pair of head-
phones into the 'phone jack. The closed-circuit
jack isolates the meter from the cireuit and al-
lows the amplified audio component of the recti-
fied signal to be heard.

When the instrument ig to be used as a micro-
ammeter, the transistor is switched from the
diode rectifier circuit to polarized pin jucks
mounted on the cabinet. The transistor continues
to operate as a current amplifier, and full-scale
detlection can be obtained with a very small eur-

The trapsistorized *Little
Gem™ with plug-in coils which
provide coverage of all ama-
tenr bands, 160 through 6
meters. The ‘phone jack is
mounted on the side of the
cabinet and insulated by fiber
wushers,
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the leads of the transistor with

ANT,
T IN34A FSMOH S TR 100K long-nose pliers while solder-
e e t zero  Ing so the heat will flow into
OFF ADJUST

PHONES

Y]

the pliers and not the transis-
tor. A small pen-light cell is
used to power the transistor
and it is supported by solder-
ing the plus terminal of the
cell to the tie-bolt of the
gwitch assembly. The negative
or case side of the cell is not

g‘jx
s

Fig. 1 — Schematic diagram of the transistorized “Little Gem.”” All resistors

14 watt.

L1 — 1700-3000 ke.: 100 turns No, 30 enam., close-wound on 34-inch form
- 3300-7600 ke.: 32 turns No. 30 enam., close-wound on
13 turns No. 20 enam., #{-inch form, spaced diameter of

-— 12-30 Me.:
wire
— 30-80 Me.:
wire
~=40-110 Mec.:
socket)

All coils are wound on Amphenol 24.5H forms.

Gy — T5-upf. midget variable condenser (Millen 20075)

S1 =~ d-pos. 4-pole miniature steatite rotary switch (Centralab PA-2011)

J1, J2 — Nylon tip jack (Johnson 105-602-1)
TR — PNP junction transistor (Hydro-Aire CQ-1)

rent flow at the input. Since the basic movement
of the meter is 0-1 ma., switching is provided fo
isolate the meter for milliampere readings. The
two pin jacks used for microampere readings ure
also used for measuring milliamperes.

Construction

The unit i8 constructed in a 4 X 2 X 4-inch
utility ecabinet. Placement of the components is
not critical for operation, but some care must be
exercised because of space considerations. The
meter and the tuning control, 'y, are mounted on
the removable front plate. Since the meter is
mounted at the very top of the face place, sume
of the lip on the box will have to be removed to
allow the meter to fit properly. Function switch.,
zero adjust controt and pin jacks are all mounted
on one end of the box, with the coil socket and
antenna post on the other. The ’phone jack and
holding handle are secured to opposite sides of the
box. The handle on thig unit was placed for a
left-handed person but it can be mounted on
either side. The transistor is supported by its own
leads, and great eare must be exercised in solder-
ing because an excess of heat will permanently
impair its operation. It is good practice fo hold

¢

Bottom view showing placement of components. The
transistor ean be seen at bottom ecenter supported by its
own leads. The pen-light cell is supported by soldering
the plus cap to the switch tie bolt.
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3 turns No. 20 enam., 3{-inch form, spaced diameter of

short loop of No. 10 enam. (plugged directly into coil

supported and the lead to it is
soldered to the bottom of the
cell. Plug-in coils for the unit
are wound on Amphenol min-
iature plug-in coil forms which
require & special socket (Am-
phenol 78-858). The raunge of
the coilg in this set covers 1700
ke. to 120 Me. If it is desired
to include the 144-148 Me.
band, a4 smaller tuning capaci-
tor should be used.

«inch form

Operation

To use the instrument as a
field-strength meter or micro-
ammeter, the function switch
is turned to the desired posi-
tion and the meter is balanced
by rotating the zero adjust
control until the pointer is set on zero. The meter
is now ready for use and no further adjustments
are necessary. To meusure the strength of a signal,
the tuning control is turned uuntil the maximum
reading is found. Once the tuning control is set,
relative strength measurements can be made for
different antenna conditions. A calibration chart

(Continued on page 112)




807s in Parallel

75- to 150-Watt Amplifier with Pi-Section Qutpuft

BY FRANCIS M. YANCEY,* K4CDO

HE aruplifier shown in the photographs was
designed to cover all bands from 3.5 to 30
Me. It can be operated at an input of 150
watts o ¢.w., or 120 watts on ‘plone. However, it
will operate efficiently at 75 watts input for
Novice use.
Circuit

A pair of 8078 in parallel is shown in the circuit
diagram of Fig. L. A pair of 16255 may be substi-
tuted if a 12.6-volt filament transformer is
provided.

The amplifier is capacitively coupled to the
driver through the 100-puf. mica capacitor, (.
(If the driver includes an output coupling ea-
pacitor, C1 may be omitted, of course.) Ly and Le
are small inductors which, in conjunction with
Ko and R3 in the screen leads, are used for the
guppression of v.h.f. parasities.

A combination of battery and grid-leak bias is
used. Since the sereens are operated from a low-
voltage source, the fixed bias provided by the
battery will cut the input to the 807s to zero when
excitation is removed, as in keying preceding
stages for c.w. operation. When the screens ure
supplied through » dropping resistor from the

* 523 Taylor St., Lexington, Va.

e Judging from our mailbag, the great-
¢st demand in transmitters these days
is for a job running at 100 to 150 watts
input. This parallel 807 job fills the bill
quite simply and inexpensively.

plate supply, a8 required for plate-screen modula-
tion, the battery will hold the input to u safe level
in case of excitation failure, although the input
will not be reduced to zero.

A pi-section tank cireuit is used in the output,
and parallel plate feed is therefore necessary.
Either a rotary inductor from a surplus BC-375-E
antenna-tuning unit or a Johnson type 229-201
inductor may be used as the variable inductor,
La. Ly is a separate inductor for 10-meter opera-
tion. It will not be needed if the Johnson inductor
is used, or if the surplus inductor is used and 10-
meter operation is not required.

The required output capacitance is furnished
by a combination of a variable capacitor, (7,
and several fixed capacitors that may be switched
in parallel with the variable. A total of about
2000 puf. should be provided. For a continuous
range of eapacitance, each of the fixed eapacitors

Top view of the parallel 807 amplifier. The variable output eapacitor is at the upper left with the fixed mica
capacitors and switch in the corner. ‘I'he variable input capacitor is to the right of the variable inductor. The r.f.
choke and by-pass fustened to the rear wall of the chassis are in the plate circuit. The biasing battery can be seen in
the compartment to the right which also houses the input-circuit components. Lz and Cs were not used in this unit.
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Panel view of the 150-watt amplifier showing the grid-meter jack, and controls for the pi-section input capacitor,
variable inductor, variable output capacitor and fixed-capacitor switch.

should have a capacitance not greater than the
maximum capacitance of the variable. As an
example, a 500-uuf. variable and three 500-uuf.
fixed capacitors may be used. A 250-puf. variable,
on the other bhand, will require seven 250-uuf.
fixed capacitors and s switch to accommodate
them.

RFCy removes the d.e. plate voltage from
across the input and output tuning capacitors,
reducing the required voltuge rating of these
capacitors. It also provides protection against
plate voltage appearing on the transmission line
should the plate blocking capacitor, (3, break
down. In this event, RF(C2 will short-vircuit the
plate supply. If the primary of the plate trans-
former is provided with a $-ampere fuse, the
supply will be protected.

s may be useful in localities where TVI is
bothersome on one partieular v.h.f. channel, In
this case. the capacitor can be series-resonated to
the particular channel by adjusting its lead length
{represented by Lz). It should be connected di-
rectly across the output coux connevtor.

AMPLIFIER
Y
- )
& (,si(\)/.iwlncm Ly
“160 =TC ¢
(Mlz:A(a;., Ca
25
’ mh (™ J,
oot R N
] K ) gxmh. -
67.5v = > 3 Caoomm
e oo | (ooni5KY,
7L
Ja & [ Ut !
NEG, SR, HW

Plate und grid milliammeters are not ineluded
in the unit, but are mounted externally on an-
other panel to keep them out of r.f. fields, Jo
is provided for plugging in a cord from the grid
milliammeter while ehecking grid eurrent. The
plate meter is wired in permanently through
terminals at the rear of the chussis. If desired,
the jack can be omitted and the grid milliammeter
wired in permanently, also.

Coanstruction

An inverted 10 X 17 X 4-inch aluminum
chassig i8 used as a shielding enclosure for the
amplifier. A standard bottom cover is used as
the top cover. The chassis and the cover are
perforated in the area near the tubes to provide
ventilation. Holes in addition to those provided
are drilled in the cover and along the lips of the
chassis so that the cover may be secured tightly
to the chassis with No. 6 self-tapping serews. The
chassis 18 centered behind a standard 5%4-inch
aluminum rack panel.

The 8078 are mounted horizontally from a

35-28 MC

ey
% 1719
S Il;“l =

R!

Ls

6
JZUOMCA)

FIXEN MICA ‘
OUTPUT GAPACITORS

(SEE TEXTY

807 307

lpm
7

63V

Fig. I — Circuit of the parallel 807 amplifier.

C1 — Not needed if driver has output coupling ca-
pacitor,

Cg = 250-ppf. 1200-volt variable (National TMS.250 or
TMS-300, Bud CE-2007 or similar, 0.03-inch
plate spacing). See text.

Cp— 250 uuf. or larger. See text. For low-impedance
output, receiving spacing adequate. (Johnson
T40R12, Bud MC-1860, MC-909 or M(-910,
Hammarlund RMC-325-8, MC-250-M or MC-
325-M).

L1, Lz — 22 turns No. 30 enam., }4-inch diam., 7is inch
long.
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Lz — 3 turns No. 10, 3{-dnch diam., 2{ inch long (see
text).

L4— Rotary inductor (sec text),

Ls — See text.

31— RCA-type shielded phono jack,

Jz — Closed-circuit “phone jack.

J3 — Coax connector.

81 — Progressively-shorting rotary switch (Centralab
P-121 index head, P1S wafer).

All capacitances less than 0.001 uf. are given in upf.
All fixed capacitors disk ceramic unless otherwise speci-
fied. All resistors 15 watt unless otherwise indicated.
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partition spanning the chassis. This partition is
made from u piece of aluminum cut 434 inches
wide by 10 inches long. Half-inch lips are bent
aver at the {ront end and along the bottom edge
for fastening it with machine screws to the front
wall and bottom of the chassis. The partition is
spaced 2 inches from the end of the chassis. The
tubes are provided with aluminum shield eans,
and the sockets placed sufficiently far to the reur
to leave space for the input capacitor, Ca.

Most of the assembly and wiring to the sockets
can be done before the partition is fastened
permanently in place. Pins 4 and 5 of each socket
should be grounded right at the socket. The No. 2

OUTPUT-CIRCUIT VALUES

Band (Mc) 35 | 3.5 7o 14 a1 | 28

750 volts, 100 ma. (3750 okms)

'y (uuf.) 150 2301 75 38 25 20

"oy (uuf.) 410 1700 450 | 225 | 150 | 110

L (uh.) 14.8 10.0 7.4 (3.7 |25 (1.8

789 volts, 200 ma. (1875 ohms)

i {uuf.) 300 2502 | 150 75 50 37
Cogr (uuf.) 1570 1160 785 | 390 | 260 195
L (uh.) 7.9 9.3 4.0 |20 |13 1.0

500 volts, 150 ma. (1666 ohms)

'y tuuf.) 340 2508 [ 170 85 55 40
(‘orry (uuf.) 1680 1100 840|420 [280 | 210
L (uh.) 71 9.3 3.5 1.8 11.2 (0.9

&a0 volts, 200 mn, (1500 ohms)

'in tunf.) 380 2504 | 190 95 63 A7
‘our {uuf.} 1820 1000 910 | 455 1300 227
L (uh.) 6.4 9.3 3.2 |1.6 (1.1 |08
=19 20=10 =9 =8 All others Q=12

pins are joined by the two resistors K9 and I3 in
series. RF(y is 4 National R-100-S, or similar
model, with an insulating mounting. It is placed
centrally between the two sockets and between
the partition and the end of the chassis. 1t is
eventually fastened against the bottom of the
vhassis. However, until the assembly is ready to
he fastened in place, it is suspended by its leads.
The two parasitic suppressor chokes, L; and Ly,
are counected between the No. 2 pins on the
sockets and the top of RFC. If (' is used, it
should be connected between the top of the r.f.
choke and the excitation input connector, Ji.
Otherwise, a short piece of wire should be substi-
tuted. The grid leak, Ry, is mounted between the
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hottom end of RFCy and an insulated tie point,
and the grid by-pass, Cs, is connected between
the botom end of the choke and a ground on the
partition. The negative terminal of the biasing
hattery is also connected to this tie point, while
the positive terminal goes to Ja.

Three shielded and by-passed leads are pre-
pared as described in the TVI chapter of the
ARRL Handbook. One lead is connected to the
junction of Ra and Rs. The other two leads are
fustened to the No. I pins of the sockets., After
the partition has been fastened in place, the lead
from the junction of the resistors should be con-~
nected to the screen-voltage input terminal. The
other two leads both are run together to the un-
grounded heater input terminal. The shields of
these three leads are grounded at both ends, to
each other, and to the chassis at several points.

The plate blocking capacitor, ('3, is mounted
with one of its terminals central in respect to
the two 807 plate caps to permit plate leads of
equal length. The parallel-feed plate choke,
RECy, is mounted off the rear wall of the chassis,
with its cold end close to the high-voltage in-
put terminal. The plate by-pass, C'y, is fastened
against the rear wall of the chassis, and is con-
nected between the cold end of the r.f. choke and
the high-voltage input terminal with the shortest
possible leads.

The variable inductor eannot he mounted
centrally in the chassis without interfering with
the removal of the 807s. It is placed an inch or so
away from the plate caps of the tubes, and the
input and variable output capacitors are spaced
svmmetrically on either side. The fixed cupacitors
in parallel with C's are stacked up and fastened
to a grounding bracket attached to the left-
hand end of the chassis. The front terminals of
these capacitors are connected to the terminals
of 81 mounted immediately in front.

Adjustment

The values of input and output capacitance
and the value of the inductance to be used in the
pi network will depend upon the voltage and cur-
rent at which the amplifier is operated. For full
input on ¢.w., a voltage of 750 at 200 ma. is
required for the plates, and 250 volts at 12 ma.
for the screen grids. In this case, screen voltage is
hest obtained from the exciter plate supply. For
full input on 'phone, a supply delivering 600 volts
at 200 ma. is needed, and 275 volts at 13 ma. for
the screens. For 'phone work, the screen voltage
should be taken from the plate supply through a
25,000-ohm 20-watt resistor.

For Novice operation, the amplifier can be
operated, for instance, at 500 volts, 150 ma.
with both tubes in use, or at 750 volts, 100 ma.
with one of the tubes removed.

An sccompanying table shows the values of
input and output eapacitance :and the inductance
required for a tank-circuit @ of 12 and 50-ohm
output under the four operating conditions
described above. The Johnson inductor does not
have sufficient inductance for a ¢ of 12 under

(Continued on page 112)
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Power and Meter Facts in S.S.B. Operation
Interpreting the Linear-Amplifier Plate Meter Reading

BY HOWARD F. WRIGHT, JR.,* W1PNB

¢ Here is some down-to-earth talk about
linear amplifiers. power ratings and
meter readings that is ‘““must’ reading
for all s.s.b. enthusiasts. WIPNB pre-
sents the case in simple, nontechnical
language and with illustrations that’
clearly demonstrate the basic principles.

ID you ever see an article mainly concerning
D the plate meters of final r.f. amplifiers? For
- that matter, have you ever given the sub-
jeet mueh thought? Well, if not, it's certain that
you have never used a linear amplifier in single-
sideband suppressed-carrier operation. Of course,
if you are a person with absolutely no aspirations
toward 8.8.b. in the future, you might be excused
for saying, ‘“Who cares?” However, the way
things are progressing on the “PDonald Duck”
front, I think there are many who will be inter-
ested in the following material.

Why all the fuss about meters? In the duys of
vegular a.m. there wasn’t much concern. The d.c.
plate meter gave most of the answers without
complaint. Watech the meter. Tune up the rig.
Figure the power input—no strain, no pain!
What could be neater? To say that this no longer
holds true with a linear amplifier in suppressed-
carrier service would be quite an understatement.
Strong men have wept bitter tears and spent
sleepless nights because of the behavior (or mis-
hehavior) of their linear’s plate meter. Why?
Simply because most of us seem to find it ex-
tremely difficult to modify vur nearly eomplete,
all-abiding faith in the value of the plate meter in
indicating final amplifier performance.

Let’s get down to brass tacks. The attitude of
an amateur toward the plate meter of his linear
final, under voice conditions, is of great impor-
tance. It could, from a broad point of view, mean
complete success or partial failure of amateur
narrow-band ecommunieation techniques.

Why docs the d.c. plate milliammeter fall down
so badly in indieating the performance of ampli-
fiers in 8.8.b. voice service? 1t’s beeause the meter
is no longer able to settle at a steandy value us it
did in the amplification of unvarving carrier sig-
nals. The voice modulation consists of sporadic
hursts of energy. They say, “The hand is fuster
than the eye.” If 8o, the voice is certainly faster
than the meter. The meter just doesn't move
rupidly enough. It starts to follow the first voice
impulse up, but moves so slowly that it mects the
signal coming down. Then it tries to follow down-

* 55 Sigourney St., Bristol, Conu,
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ward. In this it also fails, If a constant sound is
used instead of words, the meter stabilizes at un
‘“average” value. When the signal varies with the
syllables of specch, the meter bobbles around.
The amount of movement depends upon many
factors. Meters can have differing time constants
(speeds of response). Different voices contain
varving amounts of “average” power. The
amount of swing depends, to some degree, upon
the class of amplifier operation: ABy, ABs, or B.

Distortion

A “linear” must amplifv the signal from its
exciter without changing the waveshape of the
original signal. Any change of waveshape is dis-
tortion. Distortion means that new signals are
generated. These new signals result in splatter.
Serious splatter needs no comment,

Every linear amplifier has an amplitude point
at which it will produce no further undistorted
output. Although the driving signal continues to
inerease, the output no longer increases in exact
proportion. While any change of the signal wave-
shape at levels other than this maximum value
also causes some trouble, it is most imperative
that the “limiting” or ““flattening” point not be
exceeded.

I have previously indicated that the plate
meter is basically incapable of indicating the
peaks of a voice signal. Any relationship between
voice excursions of the plate meter, us it measures
d.c. power input, and undistorted uunflattened
amplifier output is apt to be purely coincidental.

We now have both elements of a conflict. On
one hand there ure the years of reliance upon the
plate meter in indicating amplifier performance,
and on the other the meter’s busic inability to
show lack of linearity. If the 1eter is such a poor
performer, why do we continue to use it? Simply
beeause, when properly interpreted, the meter is
still & valuable gadget. It just needs a bit of
understanding.

Meter vs. 'Scope

Articles concerning linear-smplifier adjustment
make adequately clear the fact that the oscillo-
scope i the best tool for indicating performance.
Whether the use of this valuable instrument is
any more vital to the adjustment of a s.8.b. trans-
mitter than it is to muking a conventional a.m.
'phone station work properly might be a matter
for debate. While a gratifving number of amateurs
are now using ’scopes, it would be unrealistic to
think that all s.s.b. stations will ever be moni-
tored at all times by operators nsing such instru-
ments. In fact, an operator who understands what
his plate meter means, in conjunction with some
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Each of the accompany-
ing photographs consists
of a comparison between
the plate milliammeter
reading and the output
waveshape of a linear am-
plifier. While each picture
shows a different type of
signal input, actual am-
plifier adjustment remains
unchanged in all cases.
The purpose of the com-
parison is to demonstrate
the action of the average-
reading meter as compared
to the instantancous-read-~
ing "scope while indicating
signals of varying wave-
shapes.
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form of output indication, can do quite well with
no ’seope.

Each of the accompanying photographs shows
a different condition of amplifier operation or
type of signal input as seen on both a ’scope and
the d.c. plate milliammeter. The purpose is to
demonstrate the uction of the averasge-reading
meter 28 compared to the instantancous-reading
scope. Both continuous signals and voice are
used.

Fig. 1 shows a two-tone test signal. This type
of signal is used to determine linearity and lack
of distortion on all parts of the waveshape. At
this time, notice only one thing. "Fhe top of the
pattern remains unflattened and fills up the space
between the limit lines. No splatter caused by
distortion of peaks occurs as long as we do not
try to exceed the limits while using this set of
amplifier conditions. This holds true in all the
following pictures regardless of the type of signal
input.

Fig. 2 shows the amplifier being driven into
distortion on the two-tone signal. The peak linear-

Fig. 1 — The “two-tone™ linearity test signal which
was used to adjust the amplifier for low distortion over
all parts of the waveshape. At this time, notice only one
thmg the top. of the pattern remains “unflatiened” or

“unsquashed.” It extends exactly from one horizontal
line on the oscillogram to the other. These lines repre-
sent the point of peak linearity capability of the ampli-
fier. No splatter caused by “limiting”™ uf peaks can occur
as long as we do not try to drive any type of signal past
the amplitude point represented by the lines. This holds
true in all of the putures.

Fig. 2 The amphht‘r driven into heavy distortion
on the same test signal, 'The linearity capalnhty has been
exceeded. Note the “squashing” of peaks. Now compare
the meter reading to that of Fig. 1. The meter shows
what we all like to see — more power input; but the
"scope indicates this is distorted power.

Fig. 3 — The result of inserting a steady audio tone
into a s.s.b. exciter. It may not look like sine-wave radio,
but that is because we no longer have an audio signal.
The exciter converted the single tone audio into single
frequency r.f., the same as an uumodulated carrier. {The
slight ripple represents imperfect sideband and carrier
suppression and harmonie audio distortion.) Look at the
meter! On steady signal the aruplifier has no time to rest.
It works regularly — not in spurts — as on voice. The
meter has a chance to indicate maximum signal input,

Fig. 4 — Actual voice waveshapes. A sustained note
was used for clarity of presentation. Notice that the
high-amplitude low-energy peaks which are encountered
in the voice just reach the lines representing maximum
permissible amplitude. Look at the meter. Oh, how sad!
‘T'hat is the current we must use to figure power input.

Fig. 5~—"The audio gain increased to give a more
satisfying meter reading. Yes, the meter reads more, but
look at the “scope. Those peuks are really flattening.
Splatter! Zounds! No escape! A clean signal dictates low
meter reading, while greater deflection causes trouble.,

Fig. 6 — Another voiee sound, purpose {y altered by
audio compression to increase the “average- tn-pedl\
ratio, Notice that the meter again shows an increase
over the conditions of Fig. 1. This ix also due to "Hat-
tening” of the waveshape, Distortion of the audio signal
is again present, as it was in Fig. 5, but no splatter is
transmitted if the resulting new frequencies are carefully
filtered out early in the exciter. New frequencies, caused
by r.f. amplifier flattening, cannot be removed. They
will be transmitted to plague adjoining channels.
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ity eapability has been exceeded. Note the flat-
tening of the peaks. Now notice the meter reading
as compared to Fig. 1. The meter shows what we
all like to see — more power — bt the ’scope
indicates that it is distorted power.

Fig. 3 shows the result of introducing s single
audio tone into the speech dmpliﬁor It may not
look like sine-wave audio, but this is heenuse we
no longer have an audio signal. The s.8.b. exciter
converted the single tone andio into single fre-
quency r.f. —- practically the same as an unmodu-

- lated carrier. Look at the plate meter! On steady

signal the amplifier has no time to rest. Tt works
regularly — not in spurts as on voice. The meter
has a chance to indicate full maximum signal
input.

Fig. 4 shows an actual voice waveshape. The
sound used was a sustained ‘0-o-o0-h-h-h.”” No-
tice that the “‘peaks’ just reach the limit lines.
Look at the meter. Oh, how sad! That’s the cur-
rent we must use to calculate power input!

Fig. 5 is the condition where the audio “gain’”
is increased to correct the low meter reading. Yes,
the meter reads more, but take a look at the
'scope. Those peaks are really flattening. Splatter!
Zounds! No escape! A cleant signal means lower
meter reading, while greater deflection causes
trouble.

Fig. 6 shows the same voice sound, purposely
altered by audio compression, to increase the
“‘average-to-peak’ ratio. Notice that the meter
again shows an increase over the conditions of
Fig. 4. This ig also due to the flattening of the
waveshape. Distortion of the audio is present, but
no splatter results if the new frequencies are care-
fully filtered out early in the exciter. New fre-
quencies resulting from r.f. linear amplifier Hat-
tening cannot be filtered out. They will be trans-
mitted to plague adjoining channels.

Study of the photographs reveals that there is,
ay previously mentioned, lack of connection be-
tween d.e. meter readings and the type and qual-
ity of actual amplifier output.

The situation looks rather gloomy, doesn’t it?
Is it possible for an average amateur to operate
1 linear amplifier properly without access to
Jlaboratory measuring techniques? Well, the best
answer I ean give is that hundreds are doing it
every day. Perhaps the meters don't give all the
necessary indiestion, but never underestimate the
flexibility of an amateur. The trisl-and-error sys-
tem can do wonders.

Splatter

A chain of two or more linear amplifiers, upon
congtruction, is hardly ever able to develop maxi-
mum rated output without vonsiderable adjusi-
ment. Luckily, s.s8.b. transmitting and receiving
techniques have the valuable property of making
noulinear amplifier distortion and splatter stick
ont like a sore thumb. While the same amount of
distortion would be partly hidden by the voice
sidebands of a double sideband signal and be
somewhat obscured by lack of selectivity in an
ordinary receiver, such is not the ease on s.s.b.
There is no such thing as distortion splatter which
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appears on only one side of the carrier frequency.

A s.8.b. receiver has an opportunity to view,
generally unhindered by readable signal from the
s.8.b. exciter, the amplitude, nature und fre-
quency spread of nonlinear amplifier splatter ap-
pearing on the unwanted sideband. This situation
makes possible accurate and worth-while on the
air reports of amplifier performance. In cases of
“peak limiting” distortion, one can simply turn
down the gain until the person at the receiv-
ing end reports a clean ‘“‘unwanted’” sideband.
Changes can then be made to try and allow more
power without degrading the signal.

Power Input

Now what about power input? Ask a s.a.b.
operator exactly how much power he is running.
The answer might sound something like, * Well,
the plate voltage i3 2000 and the meter kicks up
to about 200 mils on voice peaks. That's about
400 watts. Of course, that’s only meter reading.
Actually, the peak power is a lot more than that.”

Now really pin him down. Ask him what his
“peak” power really is. For that matter, what
does he mean by “peak power’”? Chances ure,
his eyes might take on a rather furtive look. He
might mention something about multiplying the
meter reading by the factor 1.57. Don’t press him
too far. You might become ag confused as he is.
£,

(o)

uncLe/ 4 ASK HIM WHAT

HiS PEAK POWER

52 REALLY IS 7 L
o G, e
b IS

Actually, the power-input situation is not
nearly as complicated as it is confused. The in-
discriminate use of the word “peak’ to describe
three distinctly different conditions is detrimental
to the clarity of the otherwise fairly simple mat-
ter of power-input considerations.

The three uses of “peak,” as heard on the air
and seen in print, are ‘‘instantancous peak
power,” “peuk envelope power,” and ‘‘meter
peak, on voice, power.” Unfortunately, it has
seemed fashionable to omit the qualifying terms
and call any one of them “peak power.”” When
this happens, even a person who understands the
situation perfectly must determine which yard-
stick is being used before giving intelligent con-
sideration to the particular situation involved.

There are two ways which I could use to ex-
plain the different kinds of “peak power.” One
would be to draw & rather involved illustration of
a modulated r.f. signal, showing both individual
rf. eycles and cycles of modulating voltage. The
other, which 1 shall try, is to explain the same
effects in a non-radio example which closely paral-
lels the case of modulated r.f. energy.

Our example ig to be a “four-way” reading
lamp, one that plugs into the 110-volt a.c. socket
and allows the user to select various conditions
of brightness. One setting is “off” — the others
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range from *dim” to full intensity of the 100-
watt bulb. Now let’s imagine that this light bulb
represents the r.f. output signal of a s.8.b. trans-
mitter, not in the usual sense of a “dummy load,”
but with the more sbstract view that each eycle
of 60-cycle a.c. current represents a similar cvele
of high-frequency energy in the r.f. signal. Thus
the lamp, burning steadily at full brilliance, repre-
sents a 8.5.b. amplifier with full “ingerted carrier’’
of 100 watts. Now, still in the abstract vein, the
brightness control switch of the four-way lamp
will be used to represent modulation. The switch
is made to vary the brilliance of the lamp at a
fairly slow and sporadic rate from one intensity
to another. This simulates voice modulation. The
remaining item in our flight of fancy is something
to represent the plate milliammeter in the trans-
mitter, Let’s say that we connect an a.c. ammeter,
with a very sluggish movement, in series with the
a.c. cord to the lamp. This simulates the inability
of a plate meter accurately to follow voice modu-
lution. We are now ready to demonstrate the
meaning of ‘“instantancous peak,” “peak en-
velope or maximum signal,” and “meter peak,
on voice’ power.

To find “instantancous peak power,” we turn
our 100-watt light to full brilliance. For sim-
plicity, let’s say that the r.m.s. voltage is 100
instead of 110. Ohms Law says that the r.m.s.
current is 1 ampere. Consider only one cycle of
the 60-cycle wave. The “crest or instantaneous
peak” voltage in this cycle is 1.41 times 100 volts.
This is 141 volts. The current at “peuk’ is 1.41
amperes. If P = [FE, the concept of “instantane-
ous peak power” says that 200 watts of power
exist for an infinitely small period of time ut the
crest of the cycle. What does this meun from the
point of view of a man reading a book? Nothing!
He’s got a lamp that gives a hundred watts of
illumination and he knows it. The sume holds
true in a radio transmitter.  Instantaneous peak
power” has very little vulue in everyday opera-
tion and adjustment.

Now to the heart of the matter — “‘peak en-
velope power” or “ maximum signal power.” This
is possibly the most useful of our terms. It is the
way tube manufacturers rate their product. More
often than not, it is meant when one sees *‘peak”
mentioned in print. What is the value in the case
of our light bulb example? — 100 watts: it's as
simple ag that! Just a minute! How can the 100
watts be “‘peak power” and still be the value
determined by multiplying average r.m.s. voltage
times r.m.s. current (100 volts times 1 awmpere)?
This certainly gives ‘“average” aud not “peak”
power. In this case, the word “peak” no longer
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refers to the crest of the 60-cycle wave. To show
what is meant, we no longer run the lamp at tfull
power, but simulate modulation by varying the
average power all the way from zero to maximum.
Now the light bulb (or amplifier) doesn’t work
fully all the time. It has comparative periods of
rest because the signal is pulsating at u sporadic
rate. In this case *peak” refers to the fact that
the full 100 watts average power only exists for a
relatively short period of time. So short, in fact,
that the sluggish a.c. meter in the line would
never have u chance to indicate an amount of
average power approaching the 100 watts we
know briefly exists.

The obvious solution to determining “maxi-
mum ‘average’ signal power” is to switch the
lamp to full brilliance and leave it there while the
meters catch up. The same holds true with a s.8.b.
transmitter. Never measure “peak envelope or
maximum signal power” under voice conditions.
Insert carrier or whistle into the microphone and
the meters will accurately record this kind of
“peak” power. From a strietly r.f. point of view,
we are still dealing with “average power™ values.
"T'hese should be familiar to all of us.

“Meter peak, on voice, power” is fairly self-
explanatory. I bave said that the a.c. meter in our
lamp cord was far too sluggish to follow even the
relatively slow variations of power which repre-
sented modulation. 1t has aiready been explained
why power figures derived from fluctuating d.c.
meters are nearly useless as an indication of am-
plifier performance unless correlated with other
measurements. 1 mention this type of power again
only to show the need for learning what kind of
“peak power” is being used whenever the subject
arises in a discussion of linear amplifiers.

Perhaps unfortunately, from one point of view,
the regulations require that s.s.b. transmitter
power be determined from meter swings on voice,
This has the effect of keeping the pressure on an
amateur to achieve more meter swing. That'’s
tine, if it isn’t done at the expense of linearity.
This measuring system leads to an interesting
situation. If one has an amplifier that ““talks up”’
to & kilowatt, he wouldn’t be uble to whistle into
the microphone without exceeding the legal limit.
However, the “* maximum signal power’ would be
the same in both cases.

Harlier I mentioned the figure 1.57 in connee-
tion with ‘““peak’ power. Never use it unless you
are dealing with “two-tone” tests. What is a
“two-tone” test? Just because o sau.b. exciter is
generally used as u source of signal for this linear-
ity test doesn’t meun that it is a complicated
situation. Actually, two ordinary r.f. oscillators,
separated in frequeney by several hundred eveles
and simultancously feeding equal signals into a
linear amplifier chain, would work equally well.
I won’t go into the reason why two steady fre-
quencies, rather than one, are used to show dis-
tortion. However, one thing may scem strange.
The average amplifier power, us read by the
meter, is much less with two signals than it is
with one. Due to the combination of the signals,
the amplifier 1o longer works all the time. It has
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periods of rest. The “maximum signal power”
remains at full value, but the “average-reading”
meter indicates far less current. If the amplifier is
Class B, the meter now only reads about 64 per
cent of its value for one signal of the same maxi-
mum amplitude. The reciprocal of .64 is 1.57.
Thus the meter reads 1.57 times as much on a
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single signal (such as carrier) as it does on a “two-
tone’ test. This factor only applies to Class B
operation. Class ABg and Class ABy have re-
spectively lower ratios of difference in meter read-
ings between signals of one and two frequencies.
Continuing in the same direction, Class A entails
a ratio of unity beecause there can be no change
of plate current, regardless of the type or number
of signals.

From the above, one can see that the figure
1.57 should only be used in one specialized case,
never when referring to voice deflection of a
meter. A person can’t look at a dancing plate
meter and acceurately sce that his “maximum sig-
nal or peak envelope power” is a certain given
amount. As a final check to prove that the factor
1.57 actually works out in practice, refer back to
the photographs and compare the currents in
Figs. 1 and 3.

Adjustment Without a ’Scope

This isn’t basically an article on linear-amplifier
adjustment, but I am going to give an example
to demonstrate the proper use of d.c. meters when
nothing better i8 available. The procedure falls
into the “echeap and dirty, but rather effective”
class,

Before I proceed I point out that throughout
this article I have mentioned only the “final
amplifier.” Actually, flattening and distortion
may oceur in any driver stage. I do not think it
necessary, for our purposes, to stress meter read-
ings and waveshapes for other stages. The indica-
tions oceurring at the output of the final aceu-
rately reflect the condition of earlier stages. Of
course, in actual practice it is necessary to locate
and work on the weak link,

Let's say that 1 have an amplifier whose spees
call for a plate voltage of 1500 and maximum
signal current of 300 ma. (Remember, the manu-
fucturer meuans on a single steady signal, not
voice.) First, 1 insert some ecarrier from the ex-
viter. I tune the grid and plate circuits to reso-
nance as indicated by an output indicator. (Any
type of output indicator connected to the fecdline

{Continued on page 116)
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One Tube-80 and 40 Meters—75 Watis

Using the 6146 as a Crystal Oscillator

BY LEWIS G. McCOY, WI1ICP

a one-tube, two-band, ecrystal-controlled

oseillator eapable of rmnning approximately
75 watts input. By utilizing a single tube us a
high-power oseillator, the cireuitry, wiring, and
construction are kept as simple ag possible. Tn
addition, by making use of the *“‘economy”
power supply,! watts-per-dotlar is held at o
maximum. Aunother feature of the rig is that
when the Noviee graduates to the General Class
ranks, the components can all be used in an all-
band rig.

YES, the title is correct. This article deseribes

Circuit Details

The “economy” power supply uses an ordi-
nary replacement-type transformer in a bridge
eircuit. A8 can be seen from the circuit diagram,
Fig 1, the transformer rating is 350 volts each
side of center tap, but the output voltage ob-
tained is approximately 500. The supply will
deliver 500 volts at 140 ma., which is adequate
for the one-tube transmitter. For tune-up pur-
poses, the output of the power supply ean be
switched from high te low voltage. The low
potential output is 280 volts.

In order to limit the input to 75 watts, the
sereen voltage is held to 125 volts by R/, With
the supply output switched to low voltage, the
screen drops to 80 volts, convenient for tune-up
purposes.

The erystal current is monitored by a 2-volt
60-ma. bulb connected between the crystal and
chassis ground. The bulb also serves as a fuse, in
the event the crystal current should accidentally
rise above a safe value.

To avoid coil changing, & portion of the plate

! Grammer, * More Effective Utilization of the Small
Power Transformer,” QST, Nov., 1952,

s e

e If this transmitter doesn’t become a
very popular design for a **first transmit-
ter”™ we're going to change fortune-
tellers. It has all the desirable features a
Novice transmitter can have: full power,
maximum watts-per-dollar, and case of
counstruction and operation. In fact, for
any kind of crystal-controlled operation
on 80 or 10 at the 75-watt level, it is
mighty hard to beat. At catalog prices
the cost is less than $35, and a little
judicious shopping and swapping can
bring the price down still more.

coil is shorted out when 40-meter operation is
desired.

Construction

The transmitter is built on an 11 X 7 X 3-
inch aluminum chassis and the 6146 and r.f.
components above deck are shiclded by a 6 X
6 X 6-inch aluminum box. If one lives in an
area where there is no danger of TVI, the tube
and other parts above chassis could be left un-
shielded. The controls could be mounted on a
panel. However, beeause TVI must be considered,
the construction shown here takes care of the
hugaboo.

The transformer and rectifiers are mounted on
the chassis top at one end. The other power sup-
ply components; T4, Ls, the &uf. electrolytic
capacitors and the 20,000-ohm 10-watt resistors,
are mounted below deck.

"The 6146 socket is mounted 114 inches in from
the front of the chassis and 414 inches from the
end. Two l-inch isoluntite standoffs arve used to
support, LelLy, and they are mounted 214 inches
apart, The rear one is 214 inches from the chussis
back and 2 inches from the side.

A row of !4-inch holes ig drilled near the bot-
tom on both sides of the cover box to permit

¢

Pictured is the completed 6146
rig. The plate-current indicator
{amp is to the left of the tuning
knob. In areas where 'TVI is likely
to be a problem, a metal bottom
plate should be used in addition to
6 % 6 aluminum box shown.

¢
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Bottom view of the one-
tube transmitter. The 6.3-
volt filament transformer is
mounted on the side of the
chassis at the upper right.
hand corner. To the left of
the transformer is one of the
8.uf. eclectrolytics; the other
electrolytic is not visible, be-
ing mounted behind the
power-supply choke coil.

ventilation of the compartment. Several l4-inch
holes are also made in the box top directly over
the 6146.

Wiring
The power supply is wired first. The center
taps of 7'y and the high-voltage winding of Ty
are connected together and soldered to the low-
voltage terminal of 83 A lead is connected from

0OscC.

one of the 5Y3 filament terminals to the high-
voltage terminal on Ss. One lead from Ls is con-
nected to the arm of Sz Many Novices may

- wonder why the two &-uf. electrolytic capacitors

are connected in series. This is to double the
working voltage of the filter.

Next, the below-chassis portion wiring of the
r.f. section i8 completed. The oscillator will work
with less eapacity for € but the crystal current is

0ot

¢ide

O TRV JACK

2 oxs Htrs,

R,
20K TOW.

1200V.
it
1t Sa

100,
/u/tf 40
b

L oo

,J; 1200V,

6V,

=)

250ma,

—<

ouTPUT

—

20V S,

(e-3v

7

FSM

bl46

Tz

7
&.3V.

Fig. 1 — Circuit diagram of the 6146 oscillator,

L1 — 1.8 gh. (Ohmite Z-144) choke.

L3, La — See text and photograph.

L4 — 10,5 henrys, £10 ma., 225 ohms.

Sa— 1-pole G-position (2 used) wafer switch, non-
shorting (Centralab 1401).

84— 1-pole 6-position (2 used) steatite wafer switch,
nonshorting (Centralab 2501).
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Ty — Filament transformer, 6.3 volt, 1.2 amp.

Te — Power transformer, 3600-0-360 volts, 120 ma.,
6.3 volts 3.5 amp., 5 volts 3 amp. (Stancor
PC8410).

Unless otherwise specified, all capacitor values are
given in microfarads. Fixed capacitors exeept 8-pf. elece
trolytics and Ci are disc ceramic.
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likely to run higher than desired. No socket
should be used for the 2-volt 60-ma. dial lamp in
series with the ervstal. A 84-inch rubber grommet
is used to hold the dial lamp in place. The inside
diameter of the grommet is 3¢ inch, just large
enough to accommodate the glags envelope of the
lamp. Connections are made to the lamp by
soldering leads to the base point and to the metal
shell. The lead from the shell connects to the
chassis.

Standard coil stock (B & W 3900, 2-inch diam.,
& turns per inch, No. 14 wire) is used for LaLs. A
total of 38 turns is cut from the original stock. At
one end of the piece, » single turn is unwound
from the support bars. From this end, count up
714 turns and cut the seventh turn. The cut
should be made st the support bar opposite the
bar from which the first lead extends. The leads
from the cut point are separated from the side
support bars and brought around to the same bar
as the first lead. At the other end of the coil,
which will be the top, & lead is unwound from
the support bars and extends from the bar oppo-
site the one with the three leads. This coil is
shown in one of the photographs.

Counting from the top, the 15th and 17th
turns are bent in, allowing access to the 16th turn.
This is for the 40-meter tap. A four-inch length of
wire can be soldered to this point. The other end
will conneet to the switch terminal on S4.

The coil is supported on the isolantite standoffs
by two soldering lugs. The small ends of the lugs
are first bent around the bottom turn. Before
goldering them in place, the large holes in the
lugs should be locuted over the holes in the stand-
offs for proper alignment.

A coax receptacle is mounted on the back of
the shield box and positioned so that the terminal
is opposite the ungrounded end of link Lz. The
switch and capacitor can be mounted in the box
first and then wired. However, it will probably be
easier for the beginner to wire all the components
first, and then mount them in the box. Three