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One of a series showing AMPEREX tubes in the making

4 AMPEREX

WATER AND AIR COOLED

TRANSMITTING and RECTIFYING TUBES

Singular care and precision are demanded in
Amperex small glass lathe operations.Ever cautious,
our engineers designed ingenious holders and fires
which were developed in the Amperex Tool Shop.
In the hands of finely trained technicians, these
holders and fires are utilized to assure the high
degree of satisfaction well known to Amperex tube
users. In broadcasting and transmission applications,
in industrial, electro-medical and military assign-
ments such “Amperextras’’ substantially influence

efficiency and economy of operation,

T docan’t hunt . . . & docen't affect your health.
APsk the incn wha's donated blood ts the Bed (Frosa.

AMPEREX ELECTRONIC PRODUCTS

79 WASHINGTON STREET BROOKLYN 1, N. Y.
EXPORT DIVISION: 13 EAST 40w STREET. NEW YORK 16, N. Y., CABLES: “ARLAB"




THE FOURTH REASON ....

The men and women of Hallicrafters Company are proud to receive the Fourth Army-Navy
Production Award. It is a Fourth Reason, a Fourth Incentive, to continue to produce the most
and the best that those at the fighting fronts all over the world shall not have “too little, too
late.” With deep humility and with the realization that to produce is the least that can be
done for those who fight, the people of Hallicrafters accept this award.

BUY A WAR BOND TODAY!

N ~ hallicrafters ranio

THE HALLICRAFTERS COMPANY, CHICAGO 16, U. S. A.
THE 1ST EXCLUSIVE RADIO MANUFACTURER TO RECEIVE THE “‘E’* AWARD FOR THE 4TH CONSECUTIVE TIME




NEW LETTER CONTEST
for SERVICEMEN!

. ELEVEN 1Ist PRIZE WINNERS IN 5 MONTHS IN CONTEST No. 1!
Yes sir, guys, the hundreds of letters received were so swell that double first prize
winners had to be awarded each of the first four months and there were triple first

prize winners the fifth and last month ...

SO—HERE WE GO AGAIN!

Get in on this NEW letter contest — write and tell us your first hand experiences with

all types of Radio Communications equipment built by Hallicrafters including the famous
SCR-299!

RULES FOR THE CONTEST
Hallicrafters will give $100.00 for; the best letter received during each of the five
months of Apfﬁ,‘ May, June, July
and August. (Deadline: Received
by midnight, the last day of each
month.) . .. For every serious letter
received Hallicrafters will send
$1.00 so even if you do not win
a big prize your time will not be
in vain....Your letter will become
the property of Hallicrafters and
they will have the right to repro-
duce it in a Hallicrafters adver-
tisement. Write as many letters as
you wish. V-mail letters will do..,.
Military regulations prohibit the
publication of winners' names and
photos at present . . . monthly

winners will be notified immedi-

ately upon {udging.

BUY A WAR BOND TODAY!/

hallicrafters
RADIO

THE HALLICRAFTERS CO., MANUFACTURERS OF RADIO AND ELECTRONIC EQUIPMENT, CHICAGO 16, U. 5, A.
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Section Communications Managers of the A.R.R.L. Communications Department
Reports Invited. All amateurs, especially League members, are invited to report communications activities, training
plans, code classes, theory-discussion grou s, civilian-defense b\uldmg of planning each mid-month (16th of the month for
the last 30 days) direct to the SCM, the a trative official of ARRL elected by members in each Section whose addres:
is given below. Radio Club reports and Emergency Codrdinator reporta r ﬁrt‘sentmg community organized work and lana
and progress are especially desired by SCMs for inclusion in QST. ARRL Field Organization appointments, wn% the
exception of the Eimergency Codrdinator and Emergency Corps posts; are suspended for the present and no new appoint-
ments or cancellations, with the exception named, will be made. This is to permit full efforts of all in Emergency Corps pians.
ATLANTIC DIVISION
‘Kastern Pennsylvania W3IBES Jerry Mathis 6208 Master St. Philadelphia 31
Maryland-Delaware- District 9701 Monroe St.
of Columbia W3CIZ Hi E. Hobbs Silver Spring P. O. Linden, Maryland
Southern New Jersey W3IGCU Ray Tomlinson 623 E. Brown St. ‘Trenton 10
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Kentucky WO9ARU Da.rre_l] A Downard 116 N. Lopgworth Ave.  Louigville 12
Michigan W8DPE }{argld C. Bird .F.D. 2, Box 22, Pontiac 2
Ohio W8CBI . C. McCoy Normandy Lane, R.R.7 Dayton
Wisconsin WIRH Emil Felber, Jr. 1625 N. 18th St. Milwaukee 5
_ DAKOTA DIVISION, _
North Dakota . WOYVF {’ohn W. McBride 420 West 12th St. ‘.>ioux}'a.lls South Dakota
Muth Dakota WoOVY chultz 118 N. Yankton Ave.
Minnesota WIFUZ Armond D. Braltland 2802 So. Western Lou Angclc: 7, Calif.
“outhem Minnesota WIYNQ Millard L. Bender 608 N. Huron Ave, Spring Valley
DELTA DIVISION.
Arkansas W5GED td Beck 2503 Bishop St. Little Rock
Louislana WSDKR Eugene H. Treadaway P. O. Box 44 LaPlace
Mlnumslnm WSHAV P. W, Clement 524 Sant_l i St. Biloxi
T'ennessee W4sp Jamel B. Witt R.F.D. 6, Shady Dell Trall Knoxville
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Eastern New York* W2H2ZL Ernest E. Georgt 2044 Lexington Parkway  Schenectady 8
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Northern New Jersey WwW2CQD Winfield G. Beck 617 Spruce St. Roselle
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Towa WYAED Arthur E, Rydberg Mitchellville
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Missourl W90UD Mrs. Letha A. Dangerﬁeld Box 12 Butler
Nebraska W9POB Roy E. Olmsted 101 Arikari Ave Wauneta
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Connecticut WIKQY Edmund R. Fraser 48 Willow West Haven 16
Maine WI1AQL G. C. Brown 79 No. Main St Brewer
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Weatern Massachusetts Wl{f}ﬂ William J. Barrett 239 Columbia St. Adams
New Hampshire WI1FTJ Mrs. Doror_hy W Evanl P.0,Box 3 Concord
Rhode Island W1HRC Clayton C 70 Columbia Ave., Gaspee Plateau, Providence 5
Vermont WINLO Burtis W. D P. O. Box 81 Burlington
NORTHWES’I'ERN DIVISION,
Alaska KIGNN ames G. Sherr Homer
Idaho W7AVP Don D. Oberbi P. O. Box 486 Boise
Montana WICPY Rex Roberts ox 1088 Cilendive
Oregon WIGN]J Carl Austin 1137 Federal Ren
Washington WIFWD Tatro 513 N. Central Olympia
- PACIFIC DIVISION,
Hawail < Francis T. Blatt 837 16th Ave. Honolulu
Nevada 6C N. Arthur Sowie Box 2025 Reno
Santa Clara Valley We6lUZ Earl F. Sanderson 600 Acacia Ave. San Bruno
East Bay 6TI Horace R. Greer 414 Pa.u'mount Ave, Qakland 11
San Francisco \‘VORBCi William A. Ladley 200 Naylor & San Francisco
Sacramento Valley 6MD Vincent N. F eldhausen 113 South Qumcy St. McCloud
Philippines KAI1GR George L. Rickar x 849 Manila
San Joaquin Valley* 6B Edward H. Noark 811 West Magnolia St. Stockton
ROANOKE DIVISION,
North Carolina CYB W. J. Wortman >, 0. Box § Morganton
South Carolina W4BQE/ANG Ted F son 1213 (.nllege St. Columbia
Virginia W3AKN Walter G. Walker 217 51 St. Newport News
West Virginia WS8JRL Kenneth M. Zinn P, O. Box 132 Clarksburg
ROCKY MOUNTAIN DIVISION
Colorado WIVGC H. F. Hekel 2743 Julian St. Denver 11
Utah-Wyoming W7DIE John S. Duffy 938D st N Rock Springs, Wyo.
SOUTHEASTERN DIVISION
Alabama W4GBV Lawrence J. Smyth 808 Winona Ave Montgomery
Eastern Florida W41P Robert B. Murphy 3302S.W. (;rapeland Blvd. Miami 33
\Veatem Florida W4AXP Cscar Cederstrom 408 S, Pine St. Warrington
yeorgia ‘WA4F Dy Ernest L. Morgan -Lyons
Weat Indies (Cuba) M20 Mario de la Torre b,scobar 110 (Altos) Habana, Cuba
(Puerto Rico-Virgin Islands) K4KD Everett Mayer 24 Lindberg St. Santurce, P, R.
SOUTHWESTERN DIVISION.
Los Angeles W6QVV H. F. Wood 429 So rview Burbank
Arizona WO6RWW Douglas Algken 341 Mt. Vernon Ave. Prescott
San Diego W6CHV Ralph H. Culbertson 7172 Eac 15 St. La Jolla
iy WEST GULF DIVISION,
Northern Texas WSIAU . R. Collins, Jr. 2230 \W. Amherst Dallas L
Oklahoma* WSAYL Ed Oldfield 2141 N.W. 35th St. (klahoma City 6
Southern Texas SMN Horace E. Biddy 1746 Schiey Ave. i San Antonio
New Mexico WSHJF J. G. Hancock 110S. E, Nevada St. Portales
MARITIME DIVISION,
Maritime VEIDQ A. M. Crowell 69 Dublin St. Halifax, N. S.
ONTARIO DIVISION
Ontarlo VE3EF Flying Officer Donald R. Gunn ¢/0 Canadian Bank of
Commerce New Toronto, Ont.
QUEBEC DIVISION,
Quebec VE2CO Lieutenant L. G, Morris 211 Bolton St. Ottawa, Ont.
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Alberta VE4AGE C. S. Jamieson 581 W. Riverside Drive Drumbheller, Alta.
British Columbia VESDD C. Q. 1. Sawyer 2634 West 31st Ave. Vancouver
PRAIRIE DIVISION,
Manitoba VE4AAW A. W. Morley 932 Dorchester Ave. Winnipeg
Saskatchewan VE4SY Arthur Chesworth 1084 Redland Ave. Moose Jaw
— — e ——
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#*Officials appointed to act temporarily in the absence of a regular official.




A White "Star” has been added to the "E" flag of the McElroy

Manufacturing Corporation, symbolizing that McElroy

workers have continued to excel in the production of radiotelegraph

equipment for the Army and Navy. It is a matter
of deep pride to us to learn that ours is the
only organization of its kind in the country
flying the White “Star” on our
"E" flag. For this, our second award in
six months, ["publicly thank our loyal men

and women employees and our suppliers.

President

il

MANUFACTURING OORP.
: : i 82 BROOKLINE AVE. . BOSTON, MASS. R i
McELROY ENGINEERS “NEVER ™ COPY” AND NEVER  IMITATE, WE REATE DESIGN, BUILD. WE ARE 'NEVER SATISEIED WITH "MEDIOCRITY
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Directors

President

GEORGE W. BAILEY........... . WIKH

1530 P St., N.W,, Washlmtton 25 D C.
Fice-President
CHARLES E. BLALACK........ veeees . WBGG
Box 108, Yuma, Ariz.

Canadian General Manager :

ALEX REID uosesvioncerrncnsnsrnenns VE2BE
240 Logan Ave., St. Ldmbert, P. Q.
Alternate: Leonard W. Mitchell ...VE3AZ
78 Raglan Ave., Toronto,

Atlantic Division

WALTER BRADLEY MARTIN........ w3Qv
Address correspondence t.o the Acting Director:
HERBERT M. WALLEZE..... ....... W8BQ
P. 0. Box 18, Drums Pa.

Central Division
GGOODWIN L. DOSLAND....:....... WITSN
11831 Longwood Drive, Chicago, Ill.
Alternate: Everétt H. GIbbs. .., ..vunes WBAQ

05 Broad St., Wadsworth, Ohlo
Dakota Division

TOM E,. DAVIS. ..coiiiiiininloneenes WOVVA
915 W. Becker Ave., Willmar, M
Alternate: Aaron k. SWHUVETR. ....vvvnns WIBHY

1487 Breda St., St Paul 4, M.[nn
Delta Division

E. RAY ARLEDGE.......coivevvnon.n WS5SI
340 N.E. 20th Terrace, ALt. 7, Mlaml 37, Ila.
Alternate; Samuel H. Dowell. . .......... WSERV

1057 Mildred 8t., Shreveport 15, La.

Hudsor Division
ROBERT AKERIDGE KIRKMAN....W2DSY
R.I.D. No. I, Box 61, Long Branch, N.J.
Alternate: George Rulffs, yr............ o0 W2CJY
#7-01 Clover HUI Rd., Hollls 7, L. L, N. Y.,

Midwest Division
FLOYD E. NORWINE, JR....... .. .. WOEFC
7405 Hiawatha Ave., Richmond Helghts 17, Mo.
New England Division
PERCY C. NOBLE
37 Broad 8t., Westfleld, Mass
Alternate: Clayton C. Gordon........... WI1HRC
70 Columbia Ave., Warwick, R. L.

Northwestern Division

WIBVR

KARL W. WEINGARTEN ......c..0.00 W7BG
3219 N, 24th St., Tacoma 7 Wash,
Alternate: R. Rex Roberts. ............. W7CPY

110 W. Brennan St., Glendlve, Mont.
Pacific Division
J. LMCCARGAR . . - .oiiviiiveannens W6EY
. A6 Hamlilton Pi., Ua.kland 12, Callf.

.Allermxu. iilbert §. Amarantes..........\WOFBW
1675 Dale Ave., San Jose, Calll.

Roanoke Division
H. L, CAVENESS.. .
2607 Vanderbﬂt. Ave Raleigh N. C

Alternate: J. Frank Key................. .
‘Box 707, Buena Vista, Va.

Rocky Mountain Division
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925 Bo. Gaylord St., Denver 9, Colo.
Hlemale ‘Willard C. Wright. ...........
2641 8. Race St., Denver olo.

Southeastern Division
WILLIAM C. SHELTON............. W4ASR
527 Revilo Blvd., Daytona Beach, Fia.
_Alternate: Willlam P. Sldee. ............ W4AUP

‘Fleming Road, Montgomery, Ala,

Southwestern Division

J(‘HN F BICKEL
4 E. Whittler Blvd., Whittler, Callf.

A uema:c Eldridge E. Wyatt, jr......... W6ARW
P. O. Box 3597, Long Heach 3, Callf,

West Gulf Division
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WAYLAND M. GROVES. ............. W5NW
Box 1314, Seagruves, Texas
Alternate: Jennings R. Poston..,.......... W6AJ

Box 246, Mabank, Texas




“IT SEEMS T0 US—’

AFTER THE WAR

Boy, is this crowd at ARRL Hq. ever
going to be busy after this war is over and the
amateur frequencies have been restored! We
had occasion a short while ago to suggest to
FCC that, the way it looked to us, they ought
to set up machinery to issue amateur licenses
at the rate of about ten thousand a month for
the first year or so after our resumption, with
an easy hundred thousand hams by the end of
the year and a quarter million in a few years.
That shows you how busy we expect to be.

We're busy enough now, most of the time
with far more pressing things than laying out
plans for our future, but every once in a while
we get a few minutes to think about amateur
radio after the war and what our job at Hq. is
going to encompass as we move into the work
of rebabilitating ourselves. After a few minutes
of this we realize that we’re going to have so
big a crew here that we shall bulge the walls of
this building and we’ll need either the addition
of an extra floor or a whole new building. 1t
well may be, seems to us, that we ought to
erect our own Hq. office building after the war,
a place that can be a fitting home for the
amateur movement. And there’s the Selden
farm, where so many of the single members of
our staff have lived and where so much ex-
perimental work has gone on in years past,
including Ross Hull’s first v.h.f. DX —maybe

we’ll need that in our plans as a site for dormi- -

tories and a u.h.f. station and facilities for you
visiting firemen.

Well, without getting beyond our depth
some things clearly indicate themselves. Our
Communications Department will have a big
job of redoing itself: new appointments, new

trunklines, improved procedures coming out of |

war experience, new activities made possible
by the technical developments of the war, very
possibly including automatic relaying. W1AW,
although serviceable, probably will warrant
rebuilding in terms of new techniques, and we
fancy we’ll have a microwave control link from
Hq. The secretarial or membership-contact
department is going to be a particularly hot
spot of activity, with many more people than
hefore. We have only to close our eyes to see
our mail wagon limping up to Hq. with broken
springs from the load of letters that must be
answered about licenses, conventions, QRM,
regulations, ordinances, publicity, questions

about everything under the sun. There’ll be
hamfests and conventions and club meetings to
attend, with the chance to spread the word on
what’s going on and to answer questions. The
affiliated clubs are sure to have a great growth,

too, and helping them reorganize and embark
successfully is going to keep some folks pretty
busy. The expanding structure of government.
regulations, with all the forced needs for
changes in a bigger and faster growing or-
ganization, will be a major secretarial depart-
ment concern, possibly requiring a branch
office in Washington for a while. Somewhere in
our postwar picture we see the need for a new
headquarters department, a sort of educational
or instruction section, which can help the new-
comer get started and which can take on the
big task of inculcating the standards and the
sense of responsibility of old-time amateur
radio in those who did not practice the game
before the war. The right kind of fellows in
such a section could do immeasurable good
traveling the country and giving individual
assistance to the members of the League, help-
ing them to send well, to learh to copy, to get
the station tuned up, 'to master the intricacies
of proper ‘procedure.”” Maybe the section
ought even to supply a correspondence course
in amateur radio, for those who live in isolated
regions.

Most of all we like to think of what the
technical department of this office is going to
look like after the war, the technical branch of
QST’s editorial staff. There is going to be
something! QST will have a great job to do
then, for the war’s radio developments will not
be ready-cut and waiting for amateur use.
They will first have to be adapted to our
needs, simplified to meet our limitations of
pocketbooks, comprehension and construction
ability. In short, the advances of the war will
have to go through the same process that we
have seen applied to developments in the past,
the thing that we call reduction to amateur
practice. We therefore visualize for ourselves a
greatly augmented technical staff, containing
selected amateurs who have become ranking.
experts in various new developments, equipped
with ample lab and shop and writing facilities.
Think of the things we shall need to investigate
and learn how to apply to amateur communi-
cation! There’s the whole field of the super-
highs or microwaves. More effective receivers




and much more convenient transmitters. New
wrinkles in antennas that will add range. What
about pulse technique? How to apply to ham
operation some of the spectrum economy of
new multiplexing methods? New conveniences
in operating, panoramics and aperiodics and
-d/f, frequency meters of much greater precision.
Ham gear for automatic relaying. Further ap-
plications of f. m. and other broad-band emis~
sions. And, we've always thought, if the QST
gang could ever get time to tackle an amateur
verston of facsimile, adapted to our necds, we
could make it a most useful supplement to the
technical conversations that go on on the air.
(Yup, got an idea!) If you think this is quite a
t, let us say that we are only trying to be
suggestlve, we don’t really know yet what
more interesting things there will be to work
on and to apply to our communication and
experimental work, as the “ classified”’ develop-
ments of the war come tumbling out. We only
know that we're going to have a high old time
and that never, since the birth of amateur

radio, has the outlook been so bright in tech- -

nical interest for the ardent amateur.

Meanwhile, of course, we all have something
harder to do. We must get that over first. Just
wanted you to know that we think and plan,
and that you can count on happy days ahead
when we’re all back in our shacks.

N.C.R. FOGIES
ONE of the gang dropped in the other
day in the uniform of an Army first lieutenant.
After luncheon at the local beanery we were
chewing the fat about this and that and he
told us how he had just received a fat check
from the government for back pay and had
bought himself some war bonds to help build
a home after the war. It occurred to us that the
incident would be of great interest to all you
fellows who have ever been members of the
NCR, so we’re passing it along,.
Back in the good old days our lad belonged
to the NCR, with a rating of RM2c or some-

thing like that. He was faithful about drills
but never took active duty. When the end of
his four-year term came he had just taken a
new job and thought himself teo busy to ac-
cept reappointment. All that was bacl); in the
middle ’30s, perhaps a bit later. When the
draft came he was one of the first to be called
up. He served a year as an enlisted man, during
which he got his chance at OCS and came out a
second lieutenant. A couple of years of that
and, just recently, he was made a first. During
his service as second lieutenant he drew a
shavetail’s pay, as seemed natural. But re-
cently it occurred to him to drop around to the
finance office on his post and have a talk with
the paymaster. There he found, as you have
by now suspected, that NCR service counts
toward a fogy The news was even better in
his case. Seems the present Army pay policy
provides that, after five years of any kind of
military service, a second lieutenant draws
first lieutenant’s pay whether he has been pro-
moted or not. Not only did the four years in
NCR and the year as an enlisted man con-
stitute one fogy but they qualified our ham for
first lieutenant’s pay during his whole com-
missioned service, with the fogy on top of it.
So Uncle coughed up over a thousand smack-
ers — and got it right back for bonds! Our lad
now draws sixteen bucks extra every month.
Moreover, it won’t be too long before he earns
a second fogy. And if he stays in the Army
as a career, he’s also going to draw promotion
pay for the next higher rank four years sooner
than he’d otherwise do, right through his life.
All on account of that hitch in NCR, which
was something none of us ever suspected when
we joined. This probablv isn’t news to you
boys in the Navy but we’ll bet that most of
you in the Army have never realized that the
hamming you did in NCR is military service
toward the much-needed fogy. If you're ex-
NCR, you’re in position to collect some extra
dough and a visit to your hq. seems indicated.
K.B.W.

. et ——— — "

« SPLATTER ~

OUR COVER

THERE are electronic soldiers of many
sizes and shapes in all theaters of this war, but
the little fellows pictured on this month’s cover
usually will be found up closer to the front lines
than any of the others. Miracle-working midgets,
they are the delicate internal organs of miscel-
laneous novel v.h.f. and m.h.f. communications
gear — miniature handie-talkies, walkie-talkies,
guidon sets, artillery and armored force portables,
and a variety of other specialized equipment.

8

FOOTNOTES

First on the alphabetical roll call of this
month'’s trio of new QST-author recruits, Elwood
A. Capelle (p. 39), posses§es an electrician’s
license, a student pilot’s license, a restricted
radiotelephone permit, a WERS operator’s li-
cense, and a Class B amateur license. That would -
seem to fix him up pretty well from the license
standpoint --- except that he didn’t get his ama-
teur station finished until after Pearl Harbor, and
now he cannot get a license for it until after the
WAr. Mea.nwhjle, having become interested in
flying in 1942, for the past year he has devoted all
of his lefsure time to organizing the radio commu-
nications system and training program for his local
flight of the Civil Air Patrol. Born at Hazelton,

(Continued on page 78)

0ST for




A Multiple Antenna Coupling System

A Method of Operating Several Receivers on a Single Antenna

BY MARVIN H. KRONENBERG,.* W2IJU

I~ wsraviations where a number of
communication receivers must operate simul-
taneously, the problem of receiver interaction
presents itself. If the input circuits of several re-
ceivers are connected in parallel to a single an-
tenna, a severe reduction in sensitivity at certain
frequencies may result. Another cause of trouble
is the local oscillator of the receiver, which is
capable of transmitting a strong local signal, par-
ticularly when it leaks into the receiving antenna
circuit. An investigation of a few of the foremost
communication receivers commonly in use indi-
cates the presence of these effects.

Tests show that interfering signals from the
local oscillator may be introduced into neighbor-

_ing receivers by at least three different paths; i.e.,

leakage to the antenna circuit and subsequent
radiation by the receiving antenna, radiation
from the case of the receiver, and leakage through
the power line. The first usually is found to be the
worst offender and the most difficult to control.

In one test two receivers were set up adjacent
to each other and operated with their antenna cir-
cuits paralleled. Interference in one receiver from
the oscillator in the other was measured at vari-
ous frequencies and found to be equivalent to 2
signal input of 7000 uv. at certain points. The
most troublesome interference occurred when one
receiver was tuned to the fundamental frequency
of the other receiver’s local oscillator. Interference
also occurred when tuning to harmonics as high

~ as the fourth. It follows that this form of interac-

tion is more complicated, and increases in propor-
tion to the number of receivers in use.

#137 Atlantic Ave., Long Branch, N. J.

Fig. 1 — Circuit diagram of
the isolating antenna coupler.

€1 through Cis —0.01-pfd.
mica.
Ciz through Czo — 100-xufd.

mica.

(21, Caz, C23 — 8-pfd. 450-volt
electrolytic. o

Ri to Rz incl. - 100-ohm, 5. ~
watt carbéon.

Rs to Riz incl. — 1000-ohm,
L3-watt carbon.

Ria, Ri¢—-1-megohm, 35-watt

carbon.

Ris, Ris, Riz, Ris — 65,000 A
ol , 14 watt.

Rie, R20—1000 ohms, 2
watts.

T -— Power transformer rated >
at 300 volts each side of
center; 6.3-volt, 2.5.
amp. fil.

S — S.p.s.t. toggle. usy.

P — 115-volt pilot light.
R, indicates antenna imped-
ance.,
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When an attempt is made to operate
two or more receivers on one antenna,
several annoying things usually happen.
There is often a very noticeable loss in
signal strength because of the detuning
‘effect which the paralleling of input cir-
cuits incurs. Probably the most trouble-
some difficulty is that which arises when
the h.f.-oscillator signals get to wander-
ing about at random among the receivers
via the antenna. These and most other
undesired effects can be eliminated by
the use of the isolating antenna-coupling
system discussed in this article. No ad-
ditional tuning controls are required. .

When receivers are operated with their an-
tenna circuits in parallel, the extent of detuning is
a function of their relative operating frequencies
and the nature of their antenna-input circuits.
The effects of detuning are particularly trouble-
some when one receiver is operating on a fre-
quency much lower than the other, since the an-
tenna input inductance of the higher-frequency
receiver will appear as a much lower impedance
at lower frequencies and thus tend to short-circuit
the input of the lower-frequency receiver.

An Isolating Antenna Coupler

To minimize the effects of receiverinteraction, a
coupling unit using a vacuum tube as an isola-
tion medium was constructed. It can be seen from
the circuit diagram of Fig. 1 that the coupler is
straightforward and simple in design. The unit,

Cz
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was designed to permit operation of three receiv-
ers covering a frequency range of 1.5 to 20 Mec. on
a single antenna, with a minimum of interaction.
It contains five tubes, including the rectifier tube,
and gives consistent operation over the entire
tuning range without requiring tuning or adjust-
ment. The arrangement consists of a “line”
amplifier working into three isolation stages, the
grids of the tubes of the latter being connected in
parallel. Type 1852 tubes are used in all stages.
Since the primary purpose of the coupler is to
isolate one receiver from another, 1t is not neces-
sary to provide any great degree of gain. This
makes the use of resistance coupling permissible
at these frequencies. The circuit values are not
at all critical.

The antenna coupling unit is constructed on a
chassis measuring 7 X 7 X 2inches and ishoused in
a metal cabinet. Coaxial cable connectors are used
to provide proper matching and shielding of con-
nections to the receivers. In the sub-chassis wiring
and lay-out of parts no precautions were :taken
other than to follow the usual rules regarding
short leads. A sketch of the complete coupler in
its case and the lay-out of components on the
chassis is shown in Fig. 2.

Performance

Measurements indicate that the coupler has a
flat response within the required frequency range
and has an apparent voltage gain of about 6 db.
Full benefit of this slight gain is not realized in
practice, however, because of noise introduced by
the coupler into the receivers. This noise, which is
inherent in the tubes, introduces an equivalent
signal input to the receiver of about 1 microvolt.
"This reduces the signal-to-noise ratio on reception
of weak signals, thus nullifying the slight amplifi-
cation which it introduces. The addition of more
resistance-coupled amplifiers in an attempt to in-
crease the gain of the coupler results only in a
further increase in noise which actually amounts
to a reduction in the effective sensitivity of the
system,

An investigation of the extent of interaction be-
tween three receivers operating simultaneously
while using the coupler indicated that trouble
from detuning was eliminated entirely, local os-
cillator interference was reduced to a negligible
minimum, and the receivers performed exactly as
they would if they were disconnected from the
circuit and operated separately. Actual measure-
ments on the attenuation of receiver oscillator in-
terference introduced by the coupler showed an
average reduction of about 55 db. For example, in
a case where one receiver was generating a 6000-

105080
5O

N
i
£

T

{© e

No.l  No2 No3

OJSONO]

Fig. 2 — Sketch showing panel and chassis lay-outs.
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nv. signal into another, use of the coupler caused
a reduciion in interference of about 3000 to 1, or
down to 2 uv. Actually the small amount of
interference still present was not even noticeable
above the usual atmospheric noise level.

RECEIVER No.!
—

£
Y
L3

i

{

"
\)
1
Pl
&
o
v

e]
{
1
1
¢

I} L .
;*S‘ RECEIVER No.2
! —
f-_—‘ t S
e i _l_
vy
‘_J =

3
P E
Fig. 3 — Diagram showing the various limiting factors

which. dare involved in the multiple-receiver antenna
coupling system, as discussed in the text.

Design Factors

The problem of designing an effective means of
isolating three receivers for single-antenna opera-
tion was first approached by using the cathode-
follower type of circuit. This method seemed a
convenient way of obtaining the necessary low-
impedance output, since it required no tuned cir-
cuits. However, the greater problem of prevent-
ing local-oscillator interference between receivers
was still present, since this type of circuit pro-
vided very little isolation between receivers
because of the relatively high grid-to-cathode
capacity. In the circuit shown, use of the con-
ventional resistance-coupled amplifier provides
excellent isolation between channels.

In order to maké up for any losses that might
occur in other parts of the antenna circuit it was
considered desirable to provide as much amplifi-
cation in the unit as possible. As mentioned pre- -
viously, one of the factors which limits amplifica~
tion is the random noise generated in the tubes.
More generally, however, the most important
limitation on the gain of a resmtance—coupled
amplifier operating at radio frequencies is the
shunt reactance of interelectrode, wiring and
socket capacitances in the circuit. In this case, the
highest value of shunting capacity occurs in the
grid circuits of the isolating stages. Obviously,
this is because the input capacitances of the
three tubes are in parallel. It can be seen that
unless some sort of compensation, such as that
used in video-amplifier practice, be incorporated,
the frequency range as well as the number of
isolation amplifiers is limited. Also, in order to

" present a low impedance to the receiver antenng

terminals a low plate-load resistance must be
used in each stage. Thus, the effective plate
impedance is limited to a small value.

The gain of a pentode resistance-coupled am-
plifier is principally a function of the plate-load

- impedance and the tube amplification factor.

Therefore, since it is not possible to increase gain
by increasing the plate-load impedance, a tube
with high mutual conductance was selected.
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Maximum Possible Degree of Isolation

An analysis of the path of feed-back through
the coupler from one receiver to another is shown
in Fig. 3. From this a comparison of the maximum
possible attenuation with the actual measured
values can be obtained in practice.

The interfering receiver acts as the generator
feeding a signal across R. This signal appears

in the grid circuit of the isolating amplifiers.

because of the small grid-to-plate capacitance. It
can be seen that if wiring and capacity effects,
other than that inherent in the tube, are neg-
lected, the grid-to-plate and grid-to-ground im-
pedances act as a voltage-divider network. If a
frequency is chosen where the grid-to-ground
reactance is much greater than the effective
grid-to-ground resistance (considering Ry, in the
‘“line” amplifier), then the interfering voltage
would be attenuated by an amount approxi-
mately equal to the ratio of the grid-to-plate
reactance to the grid-to-ground resistance; that is:

Ratio of att ti l{- L
atio of attenuation = B = Rl
or, in db., 20 logm

The maximum possible interference attenua-~
tion introduced by the coupler at frequencies
around 4 Mec., as computed above, was 74 db.
‘This compares with 66 db., the actual measured
value. It is assumed that the discrepancy, al-
though actually of little practical difference, is
attributable mainly to the fact that capacitances
in the circuit other than tube intereléctrode values
were neglected in the theoretical analysis.

It is well to note that, although the coupler is
effective in reducing local oscillator interference
caused by leakage of the signal into the antenna
cireuit, full efficiency of the coupler in this respect
will be realized only if all antenna leads are
very carefully shielded. For this reason, as well as
to obtain a good impedance match, the use of
coaxial cable is desirable.

Possible Variations

As shown above, the coupler has certain limita-~
tions as to frequency range and number of isolat-

.ing channels. Its frequency range could be in-

creased somewhat by the addition of compensat-

WA»:;

ISOLATION
STAGES

,-O__-Mz /

Line
Amps.

LO_.__O_MQ s

-Fig. 4 -— Scheme employed for coupling more than
three receivers to a single antenna.
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ing reactances, following video-amplifier practice.
To operate at lower frequencies, it is merely
necessary to increase the capacity of the by-pass
and coupling condensers.

The addition of more isolating stages will re-
duce the frequency range of the coupler by in-
troducing more capacity in shunt with the line
amplifier. However, a greater number of receivers
could be operated effectively by connecting two or
more of the described couplers in parallel, as
shown in Fig. 4.

Tube isolation between antenna and receiver is
convenient in that it provides an effective method
of impedance match. Since no tuned circuits are
used in the input or output circuits of the coupler,
it presents a fairly constant impedance to both
antenna and receiver over a wide frequency range.
The circuit described was designed to match a
low-impedance transmission line to a low-im-
pedance receiver input.

Fig. 5 — Alternative vacuum-tube coupling arrange-
ment used for balanced-line input.

Almost any type of single-ended antenna can
be coupled efficiently by this method, but the
system will not suffice where it is necessary to
maintain a balanced transmission line. A b.imple
balanced-line arrangement is shown in Fig. §
This system consists in using half of the t‘rans-—
mission line in the grid circuit and connecting a
phantom across the other half. Although a
balance is obtained in this way, it is obvious
that only half the signal voltage is usefully
employed. This loss is compensated for somewhat
through the slight gain introduced by the coupler.

While this coupler was intended for a specific
installation, alternative arrangements of the cir- .
cuit for similar applications undoubtedly will
occur to the reader.

B Strays g

A new element, known as an electric hygrome-
ter strip, has been developed to replace human
hair in ““Ray Sondes,” the tiny radio transmitters
manufactured by Julien P. Friez Co. which are
carried aloft by balloons to determine weather
conditions in the stratosphere. The human hair
formerly used to register changes in humidity
varied in length with changing moisture, while the
new hygrometer strip, which is made of plastic.
varies in electrical characteristics. Its edges are
treated to provide conducting surfaces and the
center is so treated that the resistance between
the edges varies with the amount of moisture in
the air. The strip does away with several of the

~moving parts previously used in the Ray Sonde.
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Col. Ivan L. Farman, ex-W6MG, commanding officer
of the Army Airways Communications System.

"Wo sav, 45 has been said in QST, that the
monumental structure which is the present-day

Army Airways Communications System has in

large measure been the work of radio amateurs
is to convey little of the reality of their accom-
plishment.

In the picture of AACS so far presented ! only
the highlights have been shown. To view the
picture as it is, to make it come to life, the
delineating details must be seen as well. The per-
functory statement, ‘ Hams installed stations in
the Far North under the most trying conditions,”
fails to conjure up a mental image of Sgt. Johnny
Jones toiling at a station out there on the North
Atlantic route in weather 50° below, straining
with frost-bitten hands to bend stubborn copper-
clad antenna wire to a brittle insulator.

*Editor, QST.

I DeSoto, *“ The Army Airways Conimunications System,"
Part I, QST, February, 1944, p. 9; Part II, QST, March,
1944, p. 18.

Hams and the AACS

Highlights and Sidelights

BY CLINTON RB.
wWIiCcCBD

DE SOTO, *

This is by way of a supplement to
the recent (ST articles (February and
March, 1944) on the Army Airways Com-~
munications System. Those articles de-
scribed in general terms the operations
and history of the System and the rdle
occupied therein by amateur radio. Here
is a collection of yarns about some of the
individual hams and episodes involved in
the development of the most widespread
radio network éver established.

Actually, there is no way to recreate such a
picture in all its whole 6n the printed page. You'd
have to be there; you'd have to sce it yourself to
be able even to guess what it was like. And then
you’d have scen only one‘small part of the over-
all picture — one incident only in the perform-
ance of Sgt. Johnny Jones.

Even_ then you wouldn't know, for example,
about the years Sgt. Jones spent in his ham shack
back home before the war learning how to do
what he’s doing now. You wouldn’t know about
the countless ham anténnas he’d put up, or the
hours of operating experience that taught him
what a good antenna means.

Background is an important part of the picture,
too. It explains how a few thousand good hams,
inspired and wisely led by a few top-flight regular
Army officers who, realizing the worth of amateur
experience, employed it to maximum advantage,
could build one of the world’s largest commuini-
cations systems in the course of three short years.

Left— Lt. Col. Don C. McRae, W6RM, assistant chief of staff in charge of the voperations. and planning section.

Before joining AACS, Col. McRae, himself a licensed pilot, was chief of Eastern Air

Lines communications:

Cenfer — Major Ronald G. Martin, W6ZF, assistant chief of A-3.(operations) in the AACS. A veteran ham, long
active in ARRL affairs, W6ZF was a crack commercial operator and station manager. Right — Major W. J. Retz-
bach, WAMM, is the assistant chief of staff who wrestles with problems of procurement and supply for the AACS.
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In giving amateurs credit for that job we’re:not
claiming that all AACS men are or were hams,
or that the thousands of GI-trained operators in
the outfit haven’'t done a good job, too. They
have. One reason they have is that they became
infused with the invincible amateur spirit. The
hams bullied and cajoled, fraternized and led,
held up the ideal of the amateur fraternity and
demanded performance to match that ideal. The
result has been that the rawest GI op in the Sys-
tem now likes to think of himself as a ham; and
he is, in spirit, if not in fact.

The experience of each of the thousands of
hams now in AACS alone would require a page;
the full story of the 600-odd AACS stations
around the world would fill an entire issue of
QST. In this account, therefore, we can only
attempt to fill in some of the details with iso-
lated fragments from the stories of men whose
amateur backgrounds superbly equipped them to
do a crucial wartime job — the hams who today
are the leaders of AACS. '

Evolution of a CO

‘There’s no better example to start with than
the story of Col. Ivan L. Farman, the present
commanding officer of the AACS. Col. Farman
is the second CQ the System has had. He suc-
ceeded Col. L. H. Watnee, the presiding genius
who guided AACS through its formative years,
in November, 1943. Since then Col. Farman has
proved himself an able commander, bringing the
organization to even greater glories.

The layman might attribute that success to
Col. Farman’s long record of experience in Air
Force communications —a record extending
back to 1929, the year he won his wings at Kelly
Field. But we know — as does Col. Farman, for
he told us so — that the explanation goes back a
long way behind that. It goes back to a spark
coil and a pair of 75-ohm ’phones in 1914. It goes
back to a ham station with the call 6MG in 1919
-— and to the recurrent lure of the game that per-
sisted through the years.

From the official record and from Col. Farman
himself come the more formal details of his career.

‘Lt. Col.
Wilmer L.
Allison,
W5VV, the
ham who re-
cruited thou-
sands of other
hams for
AACS. Now
commanding
officer of the
First AACS
Wing in Chi-
cago, recently
served asliai-
sonofficer be-
tween Brig.
Gen. Harold
M. McClel-
land, aircom-
munications
officer of the
AAF, and Col.
Ivan L. Far-
man, com-
manding offi-
cer of the

AACS.

But it was his sister, Bobbe, who revealed the
colorful sidelights in the career of that ‘‘bashful.
big brother’ of hers. Miss Farman still recalls
as one of her babyhood memories the fearful
penalty for jiggling the catwhisker of a crystal
detector just when a sought-for station was com-
ing through. “I was his pesky kid sister, forever
snarled up in wires and loops,” she says.

Involved in the story, too, was the perpetual
need for 200-meter coil forms. ‘At this time in
our lives.we were all forced to eat rolled oats
whether we liked them or not — the boxes were
30 handy to roll wire on for coils. To this day we
recoil at the mere mention of rolled oats!”

Then short waves and international DX came
along, and again the pesky kid sister entered the
picture at a fateful moment. After hours of pa-
tient hunting over his receiver dial one night
6MG heard a whispering CQ signing an ‘“‘ac”
prefix -— a rare piece of DX even on the Pacific
Coast in those days. He threw the switch and
touched the key. The antenna ammeter fluctuated
erratically. He slapped the key again and still the

Left— Major Glenn D. Montgomery, WIXEG, deputy assistant chief of staff in the operations and planning sec-
tion. He was a project engineer for Bell Telephone Co. land lines before joining AACS, Center — Capt. Ralph S.
La Montagne, W1IPR, assistant A-4 (procurement and supply), aids W4MM in filling requisitions for everything
from typewriters with Russian characters to 40-foot whaleboats. Right — Capt. Norman R. McLaughlin, V6GEG,
is assigned to the special projects division at AACS Headquarters in Asheville. He has been a radio ham since 1920.

August 1944



Major Herbert L.
Brown, W2HF, has
' been technical officer
. for the Alaskan Area,
AACS, since July,
1943, He enlisted in
the Army in 1925, re-
signed a captamcy in
1941, and reénlisted in
1942, His initial duty
was as technical officer
for the 2nd Airways
Communications Re-
gion, followed by a
tour at AACS head-
quarters in Asheville
before his Alaskan
assignment.

needle wavered waywardly. Only after a wrathful
search did he discover a little girl’s dollies’ wash
fluttering blithely from his aerial.

By the time Ivan had warked up to Cal Tech
he had acquired a superhet — a real fancy one,’
Bobbe divulged. ‘“He was so darn proud of that
gadget he played it loud and long. Gave many of
the neighbors a neurosis. One irate lady went so
far as to slash his tires with a carving knife in
retaliation — only she got somebody else’s ear by
mistake! Did we laugh — and did we move!”’

Manifest Destiny

After completing his college course, Ivan Far-
man decided to make Army aviation his career.
He won his wings in 1929, graduating from the
hombardment course at the Air Corps’ Advanced
Flying School at Kelly Field.

Radio, necessarily, faded into the background
during the busy days of pilot training. But it did
not remain submerged for long. ‘“About every
two years the ham itch seems to return,” Col.
Farman acknowledged recently in his Asheville
office — the background murmer of the con-
stantly warmed-up communications receiver be-
hind his desk lending credence to his words.

Before continuing with the subject of radio,
however, he talked for a while about his early
days in aviation. Lounging, relaxed and yet alert,
behind the mussive carved desk, his easy infor-
mality contrasting sharply with the huge paneled
room which had been the mayor’s office, Col.
Farman relived incidents in the impetuous years
when aviation was growing up.

While those yarns had little to do with radio,
they, too, form a part of the picture. For all

Major Charles How-
ard, ex-K7CNF, is re-
gnonal control oﬂicer
for the 21st Airways
Communications Re-
gion, AACS. He has a
long record of military
service, beginning wil
the. English
1915, with the Cana-
dian forces in Francc,
1916-1919, and in the
1J. S. Army since 1925.
In AACS since 1942,
he served in Alaska,
on_ a special Russian
niission, and as assist-
ant A-3 (operations).

army in’

this time Ivan Farman was absorbing yet another
vital phase of what was to be his specialty — the
science of aviation communications. In addition
to his ham’s knowledge of radio, he acquired the
intuitive comprehension of flying possessed only
by an experienced, versatile pilot. ITe became a
pioneer airways communications expert.

In 1935 Col. Farman graduated from the com-
munications officers course then being conducted
by the Signal School. For three years thereafter
he'was an instructor at the Air Force Communica-
tions School at Chanute Field.

The perpetual battle with weather being waged
by airmen in time led Col. Farman into the study
of . meteorology. He became a weather expert of
no small gkill --- so accomplished, in fact, that in
1938 he was assigned to the post of weather officer
at March Field. Later he served as regional con-
trol officer of the Air Corps’ First Weather Region.

Radio, aviation, meteorology — those were the
crafts Ivan Farman mastered to fit him for the
role in which Destiny was to cast him.

In early 1941 the curtain call came. Farman —
then a major ~— was assigned to AACS, at that
time still in the embryonic stage. He was sent to

Major James W.
Spratlin, W4KYV, has
been regional control
officer for the 4th Air-
ways Communications
Region, AACS, since
Qctober, 1943. He was
an airlines communi-
cations superintendent
for Eastern, Delta,
Pan-Am, Grace and
C.AA before heing com-
missioned in 1942, He
served at Bolling Field
before becoming RCO
of the 12th Region in
late 1942.

Newfoundland as communications officer on the
staff of Maj. Gen. Gerald C. Brant, his primary
duty the establishment of efficient, reliable air-
ways coihmunications over the vitally important
North Atlantic ferry and transport routes which
then were being opened up.

The Battle of the North Atlantic

It was one of the toughest jobs in the book —
and one of the most important. But Col. Farman
had the training and the ¢apacity for lt and he
did a superlative job.

On that North Atlantic route every skill in
which he had perfected himself was called into
full play. From his amateur background came
many’ prime lessons — most_ important of which
was 4 realization of the need for amateurs and
amateur technique to lick the unusual problems
faced by AACS in the Far North. He asked for
hams in his installation and maintenance crews —
and he got them. Then he asked for ham operators
------ = snd he got those, t00.

Another important legson from the past pointed
the imperative need for assembling weather data
by radio on a scale never before attempted iri the
North Atlantic region. To improve the accuracy
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and completeness of reports, a number of new
weather rudio stations were set up.

Some of these stations were at locations so re-
mote that all equipment had to be brought in by
small boats. The men assigned to these stations
were chosen on the understanding that they might
not be relieved for two or three years. All radio
maintenance work as well as the operating had to
be done by the AACS personnel at the stations.

One typical weather station was established on
a narrow ledge in an ice-jammed fiord in the un-
inhabited northern part of Greenland. There were
four AAF weathermen and the same number of
AACS radio operators in the crew magning this
station. They were completely isolated for ten
months of the year. There were no mail deliveries,
and their only contact with the outside world
was through radio——and then only in line of
duty. To conserve the small supply of fuel availa-
ble, no personal communications were permitted.
Even holiday greetings were forbidden.

The fuel shortage also forced the shutting
down of all power except during transmitting
periods. This, of course, meant no electricity for

Major Michael I..
Crimmins, W5BYO,
is regional control of-
ficer for the 6th Air-
ways Communications
Region, AACS. An
auditor and income-
tax accountant in civil -
life, he had held an
amateur ticket and
was active on the air
for fifteen vears before
entering the service.
lle was commissioned
in 1942 and has been
in the Army Airways
Communications Sys-
tem ever since.

lighting purposes. Repair work during the long
winter nights was done by the dim light of old-
fashioned kerosene lamps. The intense cold often
resulted in freezing of the cquipment, which re-
quired frequent and difficult maintenance care.
Even the gasoline ¢ngine in the power plant
proved irritatingly inefficient and unreliable un-
der the severe operating conditions, and it was
constantly in need of repair.

Yet that AACS crew not only put the station
on the air — they kept it on! And the results were
worth the cost. The reports transmitted proved
invaluable in forecasting the North Atlantic
storms which incubate in that region of the Arctic.

Toil and Trouble

The experience at that station’is only typical of
the adverse and arduous conditions under which
the hams in those early Cunadian and Greenland
stations spent the winter of 1942. Often, in the
northlands, living quarters were not available,
and some of the crews were forced to winterize in
tents — in temperatures reaching 50° below zero.

Even at the best-cquipped stations it was a
hard life — isolated, lonely, and cold. Buildings
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° Lt. Col. Frank Bo-:
bulski, ex-K6EMS-
W6IGN is rerional
control officer of the
i12th Airways Com-
munications Region,
AACS. He has been in
the Air Corps since
1925, serving in all
enlisted grades and as
warrant officer, in both
planes and ground sta-
tions, as radio opera-
tor, mechanic and
chief. Qutstanding ex-
perience was installa-
tion of radio range for
first Army U. S.-
Hawaii, flight, 1927.

for living and working were not only inadequately
heated but crowded and poorly ventilated. Opera-
tions buildings lacked both insulation and storm
windows. Dust and soot from the soft coal sup-
plied for heating permeated the equipinent, pos-
ing serious maintenance and operating problems.

The only available furniture was made from
packing cases. Cooking equipment and plumbing?
There was none, The water supply was melted
snow ot a hole in the ice from which freczing
water was dipped by hand. Outdoor latrines were
the rule. Truly a hardy lot were those AACS
pioneers in the frozen northland!

Living conveniences and operating equipment
for some of the stations had been lost at sea or
wrecked in unloading. While great ingenuity was
shown in providing substitutes, in at least onec
instance ¢ven bedding had to be borruwed from a
local contractor. All amusements were rationed,
to save fuel. Trained medical personnel and cooks
were unavailable, and the men were forced to be
their own doctors, chefs, and kitchen police. At”
many stations the various installations were
widely separated, and going on watch or to mess
meant a gymnastic excursion for considerable dis-
tances over rough broken snow and ice.

No regular transportation facilities existed be-
tween the different stations, of course, and this in-
terposed even more troublesome problems. There
was one case where a group of twenty men des-
tined for a major post were left stranded down the
line. Meanwhile that station was kept on the air
by only seven men — one of whom had frozen
both his feet and his hands.

Major Robert J.
Gleason, K7KD, is re-
gional control officer
for the 1ith Airways
Communications Re-
gion, AACS. His work
in building up the
Alaskan AACS net
was commended as .of
material assistance in
the cumpaign to drive
the Japs out of the
Aleutians. Before be-
ing commissioned in
1942 he was a radio
engineer and airline
communication super-

intendent for PAA.

i
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Prop still spinning, the ski-clad AAF airplane carrying
Lt. Col. Wilmer L. Allison, W5VV, on an Arctic inspec-
tion tour lands on the driven snow at a remote northern
base — the first party ever to reach that region by air.

But it was kept on the air. That was the way
the hams and their buddies in AACS performed.
They unloaded their equipment from tiny open
boats in storm-tossed, icy waters, often working
far into the night in freezing gales to get their
matériel to safety. They did much of their own
construction work — drilling holes in the solid
rock, erecting towers, stringing antennas under
all extremes of weather. Indoors and out, they
worked under the most severe conditions imagina-~
ble. But despite the worst that nature could de-
vise they kept communications open.

The unswerving and unquenchable devotion
to duty displayed by the hams in AACS is onc
of the brightest palms in amateur radio’s med-
allary. The man who was most directly respon-
sible for recruiting these amateurs into the Sys-
‘tem — Lt. Col. Wilmer L. Allison, W5VV —
acclaims their contribution thus:

“I know the hams have done a lot of work in
other organizations, but it i8 my considered
opinion that the work they have done in AACS
will be of more benefit to the fraternity — in
good will and a more material foot-in-the-door
position — than anything else they have done
in the war effort.”

W5VV for Victory

Lt. Col. Allison’s own share in that contribu-
tion is a major one. The circumstances of hig entry
into AACS in 1941, of his appointment as as-
sistant to Col. Watnee and the campaign for
enlisting other amateurs which he organized,
have been summarized previously in QST.?

W5VV knew that the one way to accomplish
the almost insurmountable task that lay ahead
was by making use of amateurs — that their
self-instilled pretraining would be indispensable.
1t wasn’t because he wanted to give fellow hams
a soft berth that he brought them into AACS; it
was because he recognized that they alone could
do the job which had to be done.

At the same time his own extensive amateur
experience equipped him to administer their ac-
tivities understandingly and intelligently. Along

2 QST, March, 1944, p. 19-20.
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toward the end of 1941, thercfore, with the re-
cruiting program well under way and the System
branching out in al] directions around the world,
Col. Watnee madé W5VV chief of the Foreign Air-
ways Division.

It was a post that called for personal supervi-
sion of the work being done, and Allison spent
much of his time in the air traveling the swiftly
expanding network of U. S. Army airways. The
first of several jaunts which took him to cvery
corner of the world was in connection with the
urgent North Atlantic route. In his own words:

“On January 1, 1942, I started out on an ex-
pedition which was to take me up inside the Arc-
tic Circle during the following two months.
We started with three single-engined aircraft
equipped with skis. I chose a well-known Cen-
tury Club member, Sgt. Julius Wengler, WSOSL,
to be the radio operator.

“Before we were two weeks out — in fact, be-
fore we left Newfoundland — the airplane

WS8OSL was in crashed. So, with Wengler in the
hospital with a split skull, I took over the op-

Candid snapshot of a world’s champion tennis player
recuperating after a shift on KP duty. W5VV discovered
that in isolated AACS stations officers take their turns
along with the enlisted men on KP and clean-up details.

erating for the balance of the expedition. Two
weeks later we lost the sccond airplane. The
three of us who were left (all of us from Texas)
completed the trip in the remaining airplane with-
out further accidents — but not without many
incidents.

‘“Almost without exception all the stations 1
contacted on that trip, both American and Cana-~
dian, were operated by, former hams. Two in
particular —one a Canadian stationed at a
Northern Labrador base and one a W5 from
West Texas stationed near the Arctic Circle —
played a vital part in our safe return.”

During the following months W5VV ma.de a
number of trips across the North Atlantic and the
countries bordering that route. His mission was
to plan and to help establish a reliable communica-
tions system along the route so that one of the
Air Forces could be flown in the late spring.

‘“One thing in particular I remember,” he said.
““General Arnold had stated that we had to havea
complete station operating at a northern Labra-
dor outpost by May 1st. It was then April 1st,
and there were at least eight feet of snow at this
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post at the time. All personnel and equipment

- had to be flown in, living and operating quarters

constructed, antennas erected, and so on.

‘I sent to Texas for Jim Hunt, W5TG, whom I
had known for twenty years and who I knew was
1 reserve officer. We gave Jim the job. With the
aid of seven men, he got that station operating by
the 21st of April. How he did it is one grand story,
too. He received a letter of commendation from
General Arnold for his splendid work.

““But the story of the AACS is literally studded
with such examples of ham ingenuity,” W5VV con-
tinued. “They are the rule rather than the excep-

tion. During the trips I have made over the-

North Atlantic, down in Central and South
America and throughout the Pacific, it seems like
T have run into every ham I ever knew.

“Incidentally, the first man I saw when I
walked into one of our big stations in Australia
was Sgt. Wengler. His head was all patched up
and he was as good as new.” .

In May, 1943, Lt. Col. Allison was made A-3
— which means that he became assistant chief of
staff for the Plans and Operations Division of the
AACS Wing. This recognition of his worth was
augmented when last December 1st, he was or-
dered back to AAF Headquarters in Washington
to organize and head the AACS branch of the
Communications Systems Division in the newly
organized Office of the Air Communications Of-
ficer, serving as liaison officer between Brig. Gen.
Harold M. MacClelland — himself a veteran
radio experimenter with an early station in Man-
hattan, Kan. — and Col. Farman in Asheville.
Karly this summer W5VV left Washington for
Chicago, where he is CO of the First AACS Wing.

Hyperbole and History

‘"W5VV’s mention of Major James V. Hunt
W5TG, recalled the report, illustrative of the
peculia.r problems faced in the Arctic, that came
back from an AACS staff officer following an in-
spection of a certain far northern station.

This station was equipped with a fine pair
of rhombic antennas, each supported on 35-foot
telephone poles. During the inspection W5TG,

Theory vs. practice in Panama. While the rufe-book-
minded crew chief reads “Antenna Mast, Erection of”
in the instruction manual, W5DGYV (right) and a fellow
ham simply go ahead and put the darned thing up.
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A barbed-wire
fence is no asset
in a forced land-
ing, as Maj.

ohn E. Frizen,
WITQB, discov-
ered on the Cen-
tral American
trip described in
this article. The
pensive saddle
horse, presuma-
bly relishing the
situation, seems
to be contemplat-
ing the effect on
its gleaming com-
petitor in mod-
ern transport.

¢

then the officer in charge of the station, remarked
that the men who had installed the antenna wires
on the poles had complained of sore backs after
the job -was done. At the inspecting officer’s
puzzled query, Major Hunt explained that, after
the poles had been erected, a day or two elapsed
before the antenna wires were attached. 1n the
meantime there had been a light snowfall — just
enough so that only the tops of the poles appeared
above the surface. The AACS men on the job
had to bend so low to reach the tops of the poles
that the next day their backs ached!

Major Hunt, being a ham himself, might not
qualify as a wholly impartial witness concerning
the work of amateurs in AACS. Indeed, a skepti-
cal soul might even conclude that some of the
stories he tells of hams up there in those Arctic
posts are woven from the same cloth as the tall
tales for which he is famous.?

However, as an Army officer responsible for the
successful performance of a vital mission, Jim
Hunt does know results and how they are
achieved. And it is his testimony that hams were
the Army’s salvation in establishing those su-
premely important North Atlantic routes.

““All of that so-called orthodox technique had
to be thrown overboard up there in the Arctic,”
he explained. “You can’t figure things the way
the book says when the doggone ol’ Heaviside
luyer starts riding up and down like it was a de-
partment-store elevator.”

Conventional methods were ineffectual, ac-
cording to W5TG. “The only sure rule up there
was that what should work, wouldn’t.”” Especially
in north-south directions, the ionosphere would
shift completely within only a matter of minutes
-—and invariably the shift was unpredictable.
Jim Hunt and his crew of hams always found a
way to get the traflic through, however. Some
of the methods they evolved may, ultimately,

(Continued on page 80)
3 Hunt, ‘ The Wail of the Kee Bird,'’ QST, Oct., 1943, p. 50.
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A Portable Multimeter

A Combination Insirument for Servicing WERS Equipment

BY FREDERICK A.

lN these days of wartime shortages, one
of the principal problems experienced in WERS
construction is that of supplying the instruments
needed for proper testing of equipment. Most of
our meters have gone to war and, although pro-
duction is beginning now to overtake demands,
it is still practically impossible to pick up meters
in any quantity without a priority rating higher
than is available to WERS organizations. Local
ham stations have not been very productive of
test equipment for 112 Me., simply because the
use of these frequencies had not really begun to
- levelop until war brought WERS to the fore-
ground. At the same time, because of the multi-
tude of gear associated with even a modest net-
work, there is a real need for test instruments if
the equipment is to be kept in good operating
condition and ready to go at all times.

For the JOb of keeping New York’'s WERS
equipment in working order, it did not take us
long to decide that some sort of universal port-
able test kit was a practical necessity. From
previous experience it was felt that the proposed
unit should perform, so far as possible, the func-

" tions of voltmeter, milliammeter, ohmmeter,
frequency meter, field-intensity meter, modula~
tion indicator, 'phone monitor and neutraliza-
tion indicator.

The finished product shown in the photographs
comes pretty close to meeting these requirements.
The V-O-M (voltmeter, ohmmeter, milliam-
meter) section covers the ranges of 0.2 to 5000
volts, 0.02 to 1000 ma. and 0.5 ohm to 1.5
megohms. Frequencies between 110 and 120 Mec.
can be measured, while the field-intensity meter
has a range of 0 to 25 db. If properly connected
and calibrated, the instrument could also be used
as a vacuum-tube voltmeter for measuring a.c.
voltages. The single meter required is a milliam-
meter with a 1-ma. scale.

# Aggistant Radio Aide, New York City WERS, 46-41
Forest Drive, Douglaston, L. I, N. Y.

In most of the WERS nets we know
about, the few available licensed-ama-
teur members get little chance to operate
the equipment — this because to them
falls the task of building and servicing
all the apparatus. In this article ‘Ted”’
Long of the New York area tells how their
job can be simplified by building an all-
purpose circuit-checking and trouble-
shooting instrument in one box, which
can then be carried about from place to
place in response to the SOSs received
from the restricted-permit holders.
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EX-W38BSL

The unit is completely self-contained in a
single box 8 X 13 X 7 inches, which has space
for batteries, antenna, leads and charts. The total
weight, principally in the batteries, does not ex-

ceed five or six pounds.

Circuit Discussion

The circuit shown in Fig. 1 is the result of much
plagiarizing from and combining of units de-
scribed in the ARRL Handbook. The V-O-M
portion of the circuit is at the right. By means of
the double-gang tap switch, S¢, any one of four
current ranges, four voltage ranges or two re-
sistance ranges may be selected. An additional
voltage range and a ‘“high-resistance” range are
available by making connections to extra termi-
nals provided for this purpose as shown in the
diagram,

Ry, Ri, B3, and Ry4 are the voltmeter mul-
tiplier resistors connected in series with the
milliammeter, while Rg, R7 and Rg are the mil-
liammeter shunts. Rjo is the extra voltmeter
multiplier resistor which is added in series with
the others when connection is made to the
bpecxa.l terminal for the 5000-volt range. 3

Rs is the normal series calibrating resmtor
for the ohmmeter when using the medium-resist~
ance range, and Bj supplies the voltage to oper-
ate the circuit. Bq and Bs provide the additional
resistance and voltage required when measuring
high resistances by connecting to the special
terminal marked Hi-Ohm. For low-resistance
measurements, S4 changes the circuit so that the
unknown resistance is connected in parallel with
the meter, the resistance of the meter then be-
coming the calibrating resistance. R4 is for the
zero-resistance adjustment to compensate for
the drop in battery voltage with age.

The left-hand portion of the circuit is used as a
frequency meter, field-intensity meter, ’phone
monitor and neutralization indicator. It consists
chiefly of a tuned circuit, LC2, feeding a diode
rectifier which drives 4 linear amplifier. The dual-
purpose 185 tube takes care of both functions.
When Sy and S; are thrown to the left, Rz is
connected across the meter to provide a means of
adjusting its sensitivity. Rs is a variable series
resistance for adjusting the screen and plate
voltages. The pick-up antenna may either be
connected directly to the tank circuit (terminal
marked Ant. 2) or coupled through a small
capacity, C. )

Construction

The case is made of half-inch pine stock.
Waood was used because it is both lighter in
weight and more easily obtained than a steel
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box. Inside dimensions of the box are 7 inches
wide, 6 inches deep and 12 inches long. Parti-
tions spaced one inch from each end of the box
provide support for the 7 X 10-inch aluminum
panel and also form pockets for storing the charts
and connecting leads. The hinged cover is made
114 inches deep to accommodate the projecting
knobs on the panel. When the box was finished,
a coat or two of light-grey enamel provided a
very attractive appearance.

The central compartment of the box, which
Liouses the instrument panel, is lined with cop-
per flashing obtained from.a hardware store to
provide the necessary shielding. Tabs placed at
the same intervalsas the panel mounting screws,
extending from the upper edge of the copper
liner, are bent over the molding around the top
to provide contact between the shielding lining
and the metal panel.

Except for the batteries, all components are
mounted on the pane]. The photographs will
furnish guidance in laying out the parts, al-
though in any specific case alterations in the ar-
rangement may be necessary to take care of com-
ponents of different dimensions. If the lay-out
shown is followed in general, it should be pos-
sible to arrive at an arrangement which is both
symmetrical and convenient.

After the required holes have been drilled, the
panel may be rubbed down with steel wool and
lettered with black touch-up Duco and a pen.
A coat of clear varnish will protect both the panel
surface and the lettering. Marine varnish is very
good for this purpose, but water-color varnish
from an art store or fishing-rod varnish from a
sporting-goods store may perhaps be found su-
perior.

The V-O-M and field-intensity-meter sections
are separated by a 214-inch transverse shield
fastened to the back of the panel. The necessary
connecting leads between the two sections pass
through grommet-lined holes in the partition.
The coil, L, tuning condenser, Cy, and the 1S5
tube socket are mounted as a unit, with the tube
in a horizontal position, on a small subpanel
underneath the tuning dial. This dial should be a
good one with a vernier ratio of about 5 to 1.

The V-O-M pin-jack terminals, the filament
switch, Sy, and the ’phone jack, J, are insulated
from the metal panel by mounting them on small
strips of bakelite which, in turn are fastened to
the panel. Resistors and shunts for the V-O-M
are mounted directly on the range-selector

Front view of the WERS multimeter. In the upper
left-hand corner of the panel are the antenna feed-
through terminals and the tank-circuit dial controlling
the tuning condenser, Ca. Below are the metersensitivity
control, R3, the two slide-type switches, Sz and S, the
filament toggle switch, Si, and the headphone jack, .J,
the latter two being insulated from the panel by the
small strip of bakelite. To the right of the milliameter
are the pin-jack terminals, also mounted on bakelite
strips. The knob to the right of and below the meter
controls the plate-voltage dropping resistor, R2. In the
lower right-hand corner are the ohmmeter zero adjust-

ing resistor, R4, and the selector switch, Si. The fre- =

quency and field-strength db. charts are mounted
inside the cover. Other charts, connecting leads, etc., are
placed in the compartments at either end of the panel.
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switch, Sy. Care should be taken to provide good
insulation around the voltmeter-circuit leads.

‘The various resistors and condensers in the
field-intensity-meter circuit are mounted on the
parts to which they connect. Tank-circuit leads -
and leads between the tank and tube should, of
course, be as short as possible.

The antenna used for the field-intensity meter
is a sawed-off 112-Mec. quarter-wave version of an
auto whip antenna. A 24-inch length of 4-inch
copper tubing would do almost as well, although
it has the disadvantage that it cannot be col-
lapsed to fit inside the cover as the telescopic:
type can be.

Voltmeter

Sy is thrown to the V-O-M position for all
measurements of voltage, resistance or current.
With S84 in positions 2 to & inclusive, voltages
connected between the ( 4+ ) and ( — ) V-O-M
terminals may be measured. Because the ac-
curacy of voltage measurements depends upon
the accuracy with which the actual values of
resistance approach the specified values, the
multiplier resistors should be selected with care.
Since the usual manufacturer’s tolerance is be-
tween 5 and 10 per cenb, it may be necessary to
make up each of the resistance values by means
of two or three resistors in parallel or series. In
this way, one with a resistance higher than the
marked value can be matched with another
having resistance lower than the marked value,
each thus serving to compensate for the other.
For instance, the 10,000-ohm resistance, R14, may
be made up of a 5500-ohm and a 4500-ohm
resistor in series. ’




The paralled groups of four resistors (Rio) and
of two resistors (£2;;) indicated under the circuit
diagram are necessary to prevent exceeding the
voltage rating of the individual resistor units.

‘The full-scale voltage reading for each switch
position iy as follows: Tap No. 2— 1000 volts,
Tap No. 3-—250 volts, Tap No. 4 —— 50 volts,
Tap No. 5— 10 volts. With the switch in the
No. 2 position voltages up to 5000 may be meas-
ured by connecting to the ( ~ ) V-QO-M terminal
and the ( + ) 5000-volt terminal. If the multi-
plier resistors are checked with care and the
meter is known to be accurate, no further cali-
bration of the voltmeter should be necessary.
However, if means are available it might be well
to check readings at a few points in each range
to be ou the safe side.

Milliammeter

The next four positions of 84— Nos. 6, 7, 8
and 9-— are for current readings, with the ex-
ternal circuit connected to the V-O-M terminals.
- Making the required shunts for the milliam-
meter isn’t at all difficult. The three ranges re-
quiring shunts are in direct multiples of ten.
Plenty of information on making milliammeter
shunts from copper wite will be found m the
ARRL Handbook.

"I'o calibrate the homemade shunts, the 2000-
ohm potentiometer, R4, may be disconnected
from the circuit and connected across the V-(-M
terminals with a 1.5-volt dry cell in series. With
S4 in the No. 9 position (l-ma. current range),
the variable resistor should be adjusted so that
the meter reads full scale. Then, switching to the
No. 6 position, the homemade shunt (Es) should
be adjusted until the meter reads 1/10 scale.
With this shunt, full-scale reading will be {0 ma:

ANT.  ANT,
2

With S84 in the No. 6 position and the 10-ma.
shunt permanently connected in the circuit, the
variable resistor across the V-O-M terminals
should be readjusted until the meter again reads
full scale (10 ma. this time). The external circuit
now should be opened. This is important to avoid
overloading the meter when the next step is taken.
With 84 turned to the No. 7 position and the 100-
ma. shunt connected the external circuit may be
closed again, care being taken not to disturb the
setting of the variable resistor. The 100-ma.
shunt, R, now should be adjusted carefully until
the meter again reads 1/10 scale. It must be re-
membered that, before removing the shunt for
the adjustment of its resistance, the external cir-
cuit must be opened to prevent damage to the
meter.

The [000-ma. shunt is adjusted in the same
manner. After the 100-ma. shunt has been ad-
justed accurately and permanently counected in
the circuit, the variable resistor is reidjusted
until the meter reads full scale with S4in the No.
7 position (100 ma.). The 1000-ma, shunt is then
connected and with the switch in the No. 8 posi-
tion is adjusted until the meter again reads 1/10
scale, Full-scale reading will then be 1000 ma.
The precautions previously described for pro-
tecting the meter should alse be observed when
adjusting this shunt, of course.

Heat from the soldering iron may change the
resistance of the shunt, and therefore it is a good
idea to allow fime for the wire to cool before
checking the resistance each time.

Ohmmeter
When Sy is in the Nos. 10 and 11 positions the
circuit is that of an ohmmeter, the resistance to
be measured being connected across the V-O-M
terminals. In position No. 10, the circuit is a

WWW OH1-0HM
Bs |—] R;' Rio
il
= -
AU,
By —
s
Re 3R, 3Ry he
“Es ~
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Fig. 1 — Circuit diagram of the WERS multimeter.

Cp -~ 3-30-pufd. ceramic-insulated

mica trimmer.

Cg —35-pufd. ceramic-insulated
midget variable, cut down
to approximately 7 pufd.

Ca —250-ppfd. midget. silvered
mica.

C4 —0.002-ufd. midget mica.

Ri1 — 1 megohm, 14 watt.

Ra—-50,000-0bhm wire-wound

variable.

Rz — 10001-oh.m wire-wound vari-
able.

R4 —-2000-obm wire-wound vari-
able.

Rs ~— 3000 ohms, 14 watt.
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Re¢ — 1000-ma. shunt resistor (see

text).

Rz =-100-ma. shunt resistor (see
text).

Rs —10-ma. shunt resistor (see

‘text). .

Ry — 40,000 ohms, 14 watt.

Rio — 4 megohms, 4 watts (four
1-megohm, 1-watt resistors
i geries).

Rui — 0.75 megohm, 1 watt {0.5-
megohm and 0.25-megohm,
J4-watt units in series).

Riz2 — 0.2 megohm, 14 watt.

Ris — 40,000 ohms, 14 watt,

Ris — 10,000 obms, %% watt.

L4 turns No. 14, ¥4-inch diam-
eter, ccnter-tapped for diode
conpection,

By, Ba —1. 5-volt No. 6 dry cell.

Ba — 4.5-volt “C” battery.

B4, Bs — 4‘5-volt hearing-aid bat-

tery.

DL — 1.1-volt dial lamp.

J -— Open-circuit jack.

M —0-1-ma. d.c. milliammeter
(good grade, 4-inch if poss-
ible).

S1 —- D.p.s.t. toggle switch,

S2, Sg — D.p.d.t. slide-type or tog-
gle switch.

84 — Z.circuit, 1l-position rotary
switch (Yaxley).
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series arrangement. The practical range of resist-
ance measurement in this case is about 30 ochms

to 250,000 ohms. Rs should be as close as possible*

to the specified value. If the (—) V-0-3{ and Hi-
Ohm terminals are used with the switch in the
No. 10 position, resistances up to 1.5 megohms
may be measured.

When the switch is turned to the No. 11 posi-
tion the low-resistance range, which is suitable
for measuring resistance, from about 4 ohm to
3000 ohms is provided.

The meter may be calibrated for the resistance
ranges by connecting, across the V-0-A{ termi-
nals, variable resistors whose resistances have been
measured previously at several points by means
of a borrowed ohmmeter. If no calibrating meter
is available, various combinations of fixed resist-
urs of known value may be- used to obtain several
points from which a resistance-calibration graph
may be drawn. Any points which fall outside a
smooth curve should be disregarded. These cali-
bratmg resistors may be checked by placing them
in a battery circuit, measuring the current and
voltage by means of the voltmeter and milliam-
meter which have already been set up, and ap-
plying Ohm’s Law. The calibration also may be
calculated with reasonable accuracy by the
methods described in QST for April, 1944.1

Before calibrating or using the ohmmeter, the
compensating resistor, R4, should be adjusted
with the V-O-M terminals or test prods short-cir-
cuited. It should be pointed out that resistance
readings on the ohmmeter will increase from right
to left with the series arrangement (switch tap
No. 10) and from left to right with the parallel ar-
rangement used for low-resistance measure-
ment, (switch tap No. 11). Therefore, the point
of adjustment, for ‘“zero’’ resistance with the ter-
minals short circuited will be at maximum on the
milliammeter scale for the first case and at zero
in the second case.

Field-Intensity Measurements

For measurements other than those made by
the V-O-M section, S; should be turned to the
“Off”’ position; while S should be thrown to the
left for all except V-O-M measurements and
’phone monitoring.

The field-intensity-meter portion of the circuit
has been discussed previously. Descriptions of
such units will be found in the Handbook together
with constructional suggestions. Any other diode-
pentode or diode-triode which will meet low fila~
ment and plate-power requirements might be sub-
situted. If available, a separate diode and an r.f.
pentode from the 9000 series tubes would proba-
bly be better because they are designed primarily
for very-high-frequency applications. The 185
was selected for this multimeter because it was
not too hard to find and is a fairly good tube at
112 Me., particularly if a good polystyrene socket
is prov1ded for it.

The coil, L, is adjusted to hit the band with Ca
by squeezing together or separating the turns.
[f this is done before plg.c'mg in the case, allow-
"I (jadwa, “Ohmmeter Circuits,” QST, April, 1944, p. 30.
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ance for capacity to the shield must be made. The
band of 112 to 116 Me. will cover about sixty
degrees on the dial. This is about right, since any
more bandspread would make the meter read too
broadly and any less will make tuning more
critical.

When using the meter for ﬁeld-strength meas-
urements it will be found to be cjuite sensitive.
Two or three watts into a properly working
antenna will give a good reading at,distances of up
to fifteen to twenty-five wavelengths. Checks on
antenna length, antenna coupling, standing
waves, reflections, shadows, antenna loca.tion and
onentatlon etc., become casy.

After ad]ustmg the quarter-wave plck—up an-
tenna to optimum length (24 inches is about
right), the unit should be moved as far away from
the r.f. generator as is possible and still get a good
reading. The multimeter antenna trimmer, C,
should then be adjusted for maximum deflection.
Once set, it should be unnecessary to touch this
trimmer again; in fact, it is important not to
readjust antenna coupling, since it will change the
frequency-meter readings as discussed later.

The field-intensity-meter amplifier is linear.
and the meter can be calibrated arbitrarily in
decibels as follows:

Meter Reading Db,
0.9 = 0
0.72 = +5
0.53 = +10
0.35 = +15
0.19 = +20
0.03 = +25

This will be satisfactory for all practical .pur-
poses. If greater accuracy is desired it will be
necessary to calibrate the meter by using an audio
oscillator, as described in the Handbook, or against
another field-intensity meter for calibration by
comparison. Such accuracy probably won’t be
found necessary in most cases, however.

Because the meter itself has a tendency to.devi-
ate from linearity at the ends of the scale, 0.0
db. is set arbitrarily at 0.9 on the 1-ma. scale.
In making field-intensity readings the meter is
set for an original 0.0 db. reading at 0.9 on the
scale by use of the variable meter shunt, /3, with
83 thrown to the left. The calibration then con-
tinues from that point, the meter reading from
right to left. By adjusting the voltage on the plate
of the 185 with the variable voltage-dropping
resistor, Ry, and then resetting the meter to 0.0
db. with Rs, a combination of factors will be
found which will make the field-strength indica-
tion most sensitive. It is possible, too, that use
of the antenna with the conductively coupled
antenna connection will be found to be of assist-
ance on weak signals.

Calibrating the Frequency Meter

When used as a frequency meter, the unit is
essentially one of the absorption type with a
v.t.v.m. indicator. For the indicator to vperate,
it is necessary. of course, that the circuit whose
resonant frequency is being checked supply a
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small amount of power. An oscillating or superre-
generating detector should provide sufficient r.f.
output to give an indication on the meter. R;
should be set at maximum resistance for greatest
sensitivity, Re then being adjusted until the
meter reads full scale. Resonance with the circuit
under measurement is indicated by a dip in plate
current.

Calibrating the multimeter for frequency-

_checking purposes is probably the most compli-
cated process of any of those necessary, although
it will not be found too difficult. There are several
methods which can be used with good results.
One method which is good #f carefully worked
out is the Lecher-wire system. However, care in
using this system is important because there are
s0 many variable factors to consider — body ca-
pacity, coupling to the r.f. generator, pick-up re-
lationship of the frequency meter, selecting proper
nulls and other conditions. On the first attempt
(after several hours of trying) I managed to get
three different and perfectly good sets of Lecher-
wire measurements, all of which proved to be
wrong. Anyone can make the same errors unless
proper precautions are taken.

In the New Yark City WERS it happens that
we have a number of crystal-controlled stations
operating on various spot frequencies throughout
the 112-Mc. band. It was not difficult, therefore,
to plot a calibration curve with a considerable
degree of accuracy, particularly since the tuning
condenser in the meter is of the straight-line-
frequency type. This method gave a very good
calibration. It is realized, however, that compara-
tively few WERS communities have crystal-
controlled stations on any such variety of fre-
quencies. While it is possible to accomplish the
same result with a crystal oscillator and a variety
of crystals of known frequency, that method also
leaves something to be desired. Not the least of

the difficulties it involves is the availability and
accuracy of the crystals themselves. The latter
point can be a real problem when working with
the 16th and higher order of harmonics of 7-Mec.
crystals, especially considering the effects of
temperature. ‘Nevertheless, the crystal method
was used first and the results were surprisingly
good — entirely satisfactory for ordinary pur-
poses, in fact, considering the normal tolerances
which must be allowed in a homemade instrument
of this kind.

The frequency meter should be allowed to
warm up for about 10 minutes before it is used.
Because the calibration will change somewhat as
the tube ages and the battery voltage drops off,
it should be checked periodically. A new graph
need not be drawn each time; usually it will be
satisfactory merely to make a note of the correc-
tion factor, which will be constant over most of
the frequency range. If this is done and the meter
is constructed carefully, checks have shown that
the calibration can be depended upon for an
accuracy of 0.05 per cent —— which almost anyone
will agree is entirely adequate for WERS work.

For accurate reading, the graph should be made
quite large. On standard graph paper (10 divi-
sions to the inch) it is suggested that one division
be used for each dial division on the horizontal
scale and one division for each 50 kc. on the
vertical scale.

(ireatest. accuracy in frequency measurement is
obtained when the. coupling befween the fre-
quency meter and the circuit to be checked is
made as loose as possible. Overly tight coupling
will be indicated by a broad reading of the indica-
tor or possibly a double indication. Removing the
meter as far as possible also reduces the effect
the presence of the operator has upon the tuning
of the circuit when both are in close proximity.

~ (Continued on page 69)

¢

This underside view of the mul-
‘timeter panel shows the parts ar-
rangement. The frequency-meas-
uring and field-intensity-meter
portion’ of the circuit is to the
right of the milliammeter, while
the resistors for the V-0-M sec-
tion are. to the left. A small verti-
cal shield separates the two scc-
tions. The 155 tube is mounted
horizontally. Room for all bat-
teries is provided under the panel.

Photographs by
Robert C'obaugh, WEDTE.
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HAPPENINGS:

(! 4H%)

70F THE MONTH -

BOOTLEGGING ON 112 MC.

At FCC we learn that there has recently
been un increase in unlicensed operation on the
112-Mec. :band. It generally takes the form of
young lads trying to crash WERS nets, sometimes
with mobile rigs in cars. None of it has been by
licensed amateurs. The urge is understandable
but the authorities take a pretty serious view of
unauthorized operation during wartime and the
consequences can be serious — both in inter-
ference caused and in the punishment. A four-
teen-year-old in the Los Angeles region a short
while ago got on a control-tower frequency and
paralyzed traffic at the Burbank airport for a
couple of hours before he was located, his gear
seized, and his person taken before the D.A.

Because of the seriousness of interference to
war communications, and because some unin-
formed person is sure to call each such case illegal
“‘amateur” operation, licensed amateurs ought
to do everything they can to prevent or stop
such bootlegging. Offenders never get away with
it for more than a few hours but they can some-
times cause considerable annoyance before being
caught, as did the L.A. lad above. One of the
most useful tools of FCC’s Radio Intelligence
Division in the quick apprehension of such opera-
tors is an ingenious aperiodic receiver which re-
ceives near-by signals regardless of frequency and
which can be arranged to make unattended re-
eordings over a period of days. When the time
arrives that its details will not be of value to the
enemy, we hope to describe its circuit in QST
Meanwhile it is so etfective that it is providing
frequent proof that in the radio world, as else-
where, crime doesn’t pay. Modern gear is not
only capable of detecting and recording unau-
thorized signals on any frequency but of giving
accurate bearings on the transmission of a single
dot. Let bootleggers beware!

AMATEURS DEFENDED

I.asT year, in the House Select Committee
investigating FCC, the accusation was made that
FCC had improperly sought draft deferments for
some of its personnel. Counsel for the committee,
challenging the competency of ‘some of the de-
ferred personnel in the Radio Intelligence Divi-
sion, charged that they were ‘‘just amateurs’’ and
disputed Chairman Fly’s statement that they were
hired not merely because they were amateurs but
because they possessed the necessary qualifica-
tions. Counsel then proceeded to discuss 34 in-
dividualsin RID, endeavoring to take them apart.

After many months, FCC is having its “‘day in
court.” On June 21st Commissioner E. K. Jett
offered 50 pages of testimony concerning per-
sonnel deferments and, amongst other things,
gave the technical record and qualifications of all
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of the men concerned to show that they had out-
~standing qualifications for their posts. Many of
them had the major portion of their experience
ag amateurs. On this subject Mr. Jett said:
“These 34 were accused of being ‘amateurs’
with the implication that their occupational
deferment was unauthorized. In making this
charge, Counsel implied that an ‘amateur radio
operator’ was a novice and without skill in radio.
The fact is, of course, that an ‘amateur’ denotes
merely that the operations engaged in are not for
profit. The treaty of Madrid of 1932 defines an
amateur as ‘a duly authorized person interested
in radio technique solely with a personal aim and
without pecuniary interest.” The Commission
(Rule 12.2) adopted the same definition. In order
to obtain an amateur license, a difficult and com-
prehensive examination must be passed, as I have
already stated. Many commercial radio operators
are ‘amateurs’ in their spare time. Instead of
being a novice, an amateur is one who has a deep
interest in radio. Many of our outstanding radio
engineers and technicians are amateurs.”

EXPERIENCED ENGINEERS
& PHYSICISTS!

Tais is a technical war which is being
fought, in large measure, with a wide variety of
secret devices especially created for that purpose
in American laboratories. This work is not over:
it is still expanding. A pressing need exists for
qualified and experienced physicists and radio

engineers capable of working in original fields -

and particularly for those whose background
would qualify them to undertake the direction of
such projects. -Although one would ordinarily
think that there are not many such men available,
it has been discovered that there are men (and
women) of the proper caliber who are not satis-
fied that their present connections permit them
to make maximum contribution to the war effort
and who would value an ‘opportunity to explore,
in confidence, the possibility of making a change
in . connections without meanwhile disturbing
present relations. Such a channel has been set up:

The president of ARRL, George W. Bailey,
W1KH, is serving as chief of scientific personnel
of the Office of Scientific Research & Develop-
ment at 1530 P Street, N. W., Washington 25,
D. C. Mr. Bailey is in position to undertake con-
fidential correspondence with a view to the
mutual exploration of possibilities. Interested
radio engineers and physicists are invited to
write him under personal cover to that end.

RELEASES TO MERCHANT MARINE

It is well known that the merchant marine
is in pressing need of qualified seagoing radio
operators. We have numerous inquiries for data
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ARE YYOU LICENSED ?

When joining the League or rénewing
your membership, it is important that
you show whether you have an amateur
license, either station or operator. Please
state your call and/or the class of oper-
ator license held, that we may verify
your classification.

on the procedure for releasing qualified operators
from the armed services in order to serve in the
merchant marine. Here is the information:

The War Shipping Administration has no such
arrangements with the Navy. They are author-
ized, however, to support the request of an en-
listed man in the Army, if he holds an FCC com-
mercial radiotelegraph operator’s license, is over
26 years of age, and has had previous sea experi-
ence as a radio operator. For information and
instructions concerning the procedure for obtain-
ing & release from the Army, such men should
write to H. Chase Stone, Assistant Deputy
Administrator for Recruitment and Manning,
War Shipping Administration, Washington 25,
D. C., giving the following data: (1) seaman’s
rating, if any; (2) number and date of issue of
Certificate of Identification or Continuous Dis-
charge Book and of License or Certificate of Serv-
ice; (3) full name, Army Serial Number and com-
plete camp address; (4) number and address of
local draft board; (5) permanent home address;
(6) date of birth; (7) maritime radio operating
experience. Mr, Stone’s office will then check
yualifications and advise what to do next.

YOUR WAR SERVICE RECORD

TBE headquarters office of ARRL at
West Hartford, Conn., is endeavoring to com-
pile a record of the war service of every United
States and Canadian amateur who is employing
his radio talents in the war effort. A great many
thousand amateurs have registered the essential

facts of their war service with us, but we are well
aware that there are many thousands from whom
we have not yet heard. We do not ask for any
confidential information but we do most earnestly
seek the essential facts of your wartime service,
and of your immediate amateur associates, so
that we may accumulate a record that will be
both the history of the amateur contribution and
invaluable data in the future protection of the
amateur position in our countries.

We print a simple form on this page, which it
will take you only a moment to fill out — or you
may easily reproduce its essentials on a post card
if you don’t wish to cut your copy of QST. We
are interested not only in amateurs in the armed
services but in those in the auxiliary services
listed and in industry which is 100 per cent de-
voted to the war effort, (As soon as we can take on
the work involved, we shall solicit a similar record
from the amateurs who have served in civilian
defense and similar capacities, but we are not
yet quite ready for that.) Since ARRL operates
in Canadd as well as the United States, we're
equally interested in the record of Canadian

.amateurs. :

Please!

STAFF NOTES

J. VENaBLE FiTzEUGH, W5VL, has joined
our staff as an assistant technical editor, coming
to us from OCSig0 in Washington, where he
served as a civilian engineer the preceding year
and a half, For many years instructor in radio in
the San Antonio Vocational & Technical School
(W5GJD, Ven was working, two wecks after Pearl
Harbor, as a civilian training administrator at
Duncan Field, supervising the training program
for aircraft radio mechanics and learners. In fact,
he wrote the original outline which was adopted
practically intact for the national program for
that training job. He had his first license at the
age of 13, has been continuously a member of
ARRL for 20 years, and was among the first
amateurs in the country to work the 7-Me. band.

AMATEUR WAR SERVICE RECORD

Name

Call, present or ex; or
grade of op-license only

Present mailing address

SERVICE
] Army

{1 Navy
(] Coast Guard
] Marine Corps

Rank or rating

[[1 Maritime Service
[] Merchant Marine

{"] Civil Service

Branch or bureau: Signal Corps, AAF, Buships, WAVES, etc.
If civilian tndustry, give title and company.

{"]1 Radio industry,
100% war

2%
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Sundry notes on former staff members, most

of them on leave from Headquarters: Ev Battey,

WI1UE, and Art Budlong, W1JFN, are now both

lieutenant commanders, respectively in USNR

and USCGR. . . . Vernon Chambers, W1JEQ,
formerly of our Technical Information Service,
is now Pvt. Chambers, AAF. . . . 2nd Lt. Julius

yaliny W1LOP, former QST laboratorian, now
has his wings as a navigator and is getting a small
injection of radar before proceeding somewhere
on important business. . . . Chief Radio Man
John Huntoon, USCGR, W1LVQ, is now in the
vieinity of the District of Columbia, doing some-
thing pretty important. . . .The Jim Lambs have
their fifth daughter. . . . Joe Moskey, W1JMY,
formerly of our Communications Department,
and Ed Tilton, W1IHDQ, our v.h.f. editor,
looked in at Heq. recently before proceeding to
distant parts with their hush-hush specialties,
one going ]%)ast and the other West.
FREE RADIO TRAINING

WE HAVE been asked to announce that

special free training in radio and electronics for
technical workers in California war industries will
be given in a series of short evening courses. The
University of California will start these courses in
August in major war production centers through-
out the state, as part of the ESMWT program of
the U. S. Office of Education. The prerequisites for
enrolling in the courses are employment in a war
industry and high school or equivalent education.
Further details may be obtained from the follow-
ing University of California War Training Cen-
ters: 201 California Hall, Berkeley 4, Calif.
(THornwall 5377); 405 Hilgard Ave., Los An-
geles 24, Calif. (BRadshaw 2-2171); 1302 First
Ave., San Diego 1, Calif. (Main 2037).

AS THE August, 1919, issue went to press,
““the ban on amateur transmitting has not yet
been lifted by the Navy Department in spite of
the fact that the peace treaty has been duly signed
and that the country otherwise is practically on a
peace basis. What good is being accomplished by
this delay, it is hard to see. It is hoped, however,
that these conditions will not long obtain.” But
Uncle Sam is still holding many of our members.
Radio Inspector Arthur Batcheller, at a meeting
of the New England Amateur Wireless Associa-
tion, said that out of about 2400 amateurs in the
first district, about 1100 were in some branch of
the service. ‘Now that the German fleet has
victoriously sunk itself, we may expect a return of
our relay men.” Meanwhile, the reorganization of
the Operating Department is being pressed with
remarkable vigor and success. Traffic manager
J. . Smith.reports: “The fact that the foremost
amateur radio men of the country are actively
identified with the League’s traffic organization
is complete evidence that these men realize the
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value of organized effort not only as regards a
traffic organization but with particular regard to
future pernicious legislation affecting the future
of the amateur.”

Primarily in connection with the plans for
resuming traffic work, the League announces its
willingness to “éstablish affiliation with local
amateur clubs, ‘‘an interlocking of hands wholly
fraternal and having for its aims the furtherance

< of amateur radio and that alone.” Affiliating clubs

will be expected to codperate actively in relay
activities and to take steps to control local QRM,
particularly the curbing of willful and malicious
interference. A further sign of early reactivation
is an announcement from the Navy Department
that NAJ, Great Lakes, will send nightly test
messages to amateurs on 476 meters, not only
providing code practice but constituting a will-
ingness to codperate with the amateur which is
regarded as a distinct concession and is greeted
with satisfaction. And Thordarson offers a prize
of $35 to the first amateur handling a message
over a distance of 1500 miles with a l-kW Thor
transformer on 200 meters.

When we get away from the Navy we go back
under our good old former bosses, the Department
of Commerce, and Chief Radio Inspector Terrell.
All licenses have expired and every amateur must
be reéxamined, and the receiving test has been
stiffened from five words per minute to ten. After
receiving an operator’s license, an amateur will
be permitted to erect his station and then apply-
for blanks for asking for a station license. One
very good thing is that the Department will per-
mit us to operate as soon as the application for
station license has been filed. There will be a
completely new deal on call letters. The outlook
is gloomy for special licenses, because of the
possibilities of the airplane for carrying mail, and
it is probable that the wavelength under special
license will be reduced from 425 meters to 375.

QST’s cartoonist, Don Hoffman, 8ADU, puts
forward a very interesting idea: that the fellows
with long-distance receiving sets make themselves
up a form or post card, reporting received signals,
and send one each time a new long-distance
station is heard. In this way numerous relay
possibilities will be discovered, while the fellows
receiving the cards would keep them on file to
show the range covered by their stations.

On the technical side, there is some interesting
new gear for long-wave c¢.w. General Radio has
brought out some 12-step inductors and deForest
has produced a whole series of honeycomb-wound
coils having standard plugs. The day of the hogs-
head loosecoupler and eight-foot loader seems
over. Information has also become available on
vacuum-tube amplifiers which will work on just
oneset of “A” and “B”’ batteriesand which may be
coupled between stages by resistance, inductance
or transformers. ‘Whether or not the develop-
ment of amateur radio operation will be in the
direction of much less transmitting power and the
use of high amplifications at the receiving end,
the amplifier is today one of the most important
pieces of apparatus in our stations.”
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Power-Supply Desién

The Principal I';actors Involved in Reduction of Ripple

BY G. EDWARD HAMILTON.* WO9GSS

Ripple is something we don’t want at
the output of a power-supply filter
system. While we can get by in most
cases by simply using a ‘‘brute-force”
filter with plenty of L and C, more effi-
cient design is easy to attain. In this arti-
cle the author brings to light a number
of details about rectifier ripple on which
little has been published for the ama-
teur. Those hams who have struggled
ineffectively with tables and plain cut-
and-try methods will benefit from the
more direct approach here given. The
formulas are not hard to follow.

FREQUENTLY the assumption is made that,
because of its apparent simplicity, no particular
thought need be given to the problem of power-
supply design. This attitude accounts for the
poor regulation and filtering that sometimes
results.

Some of the questions which must be answered
hefore filter-design calculations can be under-
taken are:

What is “ripple factor’”? .

What ripple factor is satisfactory for various
classes of service?

What is ““smoothing factor’?

How is the smoothing factor used in power-
supply filter design?

If any of the above questions ‘prove to be
puzzling, the following information may be help-
ful.

Before the ripple factor can be defined, the
term “ripple voltage” must be understood. The
ripple voltage is the value of the alternating
component of the unidirectional voltage from the
rectifier. The ratio of this value to the algebraic
average value of the total voltage, when expressed
as a percentage, is known as ‘“per cent ripple.”

The ripple factor is the ratio of the amplitude

- of the fundamental component of ripple voltage

to the average value of the total voltage (direct
voltage). There are two ripple factors to be con-
sidered; i.e., the factor at the input to the filter
and the factor at the output of -the filter. The
former is dependent upon the type of rectifier
and the latter upon the permissible amount of
ripple, according to the particular use. The ripple
factors will be represented by the following
symbols:

p¢ = input-to-filter ripple factor
0o = output-of-filter ripple factor

#346 Elmwood Ave., E. Orange, N. J.
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Table I shows the allowable output ripplé
factor, p,, for various applications, while Table
II indicates the factors at the input to the filter
obtained from the various types of rectifiers
shown in Fig, 1

TABLE I
Ulass of Serrice Per Cent Ripple (o)
Microphone circuit of a radio transmitter

SYBLEIL. T ..ttt s  Less than 0.065%

Audio-frequency amplifiers (precluding high-

gain systems). ... .. From 0.01% to 1.0%

Cathode-ray circuits Less fhan 1.0%
TABLE I
Cireuit Per Cent Ripple Reclifier Oulput
No. Supply Source  at Filter Input (0i)  Frequency
A 60-cycle single-phase 14-
wave rectifier. . . ... 157 % 60 cycles
B 60 cycle single-phase full
svave rectifier. .. ... 6.7% 120 “
¢ 6i0-cycle single-phase
bridge rectifier. .. .. 66.7% 120
D 60-cycle two-phase star
* rectifier........... 15.0% 240
E  60-cycle three-phase star .
rectifier........... 25.0% 10 ¢
F 60-cycle three-phase dou-
ble-star rectifier. . . . 5.7% 360

The effectiveness of a smoothing filter in re-
moving a component of ripple voltage of given
frequency may be indicated by the ratio of the
amplitude of a sinusoidal input voltage of that
frequency to the amplitude of the resulting out~
put voltage. This ratio is termed the “‘smoothing
factor’” and may be determined from the follow-
ing relation, where « is the smoothing factor:

B
« =2
Po

Continuing from the above relationship, we
may now set up the general equation for specific
values of capacitance and inductance for any
number of identical sections:

a = {(wLC — 1)* or LC = .
where w = 2xf,, fr being the ripple frequency in
cycles,

L = inductance in henries

(' = capacitance in farads

n = number of stages or sections.

Since there are two unknowns — L and C —
in the formula, it is advisable to substitute a value

- of inductance or capacitance and solve for the re-

maining factor. If good voltage regulation is es-
sential the input inductance must exceed the
critical value, L., given by the following equation:
- 0150

L,
fr
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where R, is the total load resistance, including
the resistance of the choke.
In the case of a 60-cycle full-wave circuit,
L. = (0.159) (0.667) (R,
120

For conservative design, the factor 1000 often is
used in the denominator. Thus,

L. = ' 1(?6 5 henries
‘To insure that the peak rectifier current is not
excessive at full load, the inductance of the first
choke, Lo, at full load should not be less than
2L, or

WWW

Having determined the value of the first choke,
it is now possible to substitute this value in the
equation previously shown; i.e.,

a = (wLC — 1)»

Fig. 2 shows the arrangement of circuit com-
ponents for a single-section filter with choke in-
put, while Fig. 3 shows a three-section filter.

To preclude the possibility of increase of am-
plitude in ripple voltage rather than a decrease,
resonance at the ripple frequency in the individ-
ual sections should be avoided. Although the
filter is a complicated circuit which may res-
onate at a number of frequencies, usually it is
necessary only to make sure that the lowest res-
onant frequency of any individual section is less
than the fundamental ripple frequency. The fol-
lowing equation gives the resonant frequency,
L being the inductance at full-load current.

fo 1
"~ 2eVIC .

where f is in cycles, L in henries, and C in farads.

The selection of components also must be made

with much care if best results are to be obtained.

The choice of rectifier tubes, of course, depends

upon the particular currents and voltages desired.
In the low-voltage range, high-vacuum tubes

F

Fig. 1 — 'I'ypical rectifier and foad circuits. A —
Half-wave. B — Full-wave. —- Bridge. D — Two-
phase full-wave. E — Three-phase star. F — Three-
phase double-star.
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find favor, while in the high-voltage range mer-
cury-vapor tubes such as the 866 are more de-
sirable because of their lower resistance and
greater cwrrent-carrying capabilities. Whenever
gascous tubes are used it is desirable to place a

3R
2 (toad}

Fig. 2 — Single-section filter with inductive input.

small capacity of about 0.01 to 0.05 microfarad
across the input of the filter to eliminate the
‘“hash” which often is generated in near-by
receivers when the gas-type tubes “ break down.”
Clomplete metal shields placed over gas rectifiers
also aid in reducing disturbances of this nature.
This, of course, has no effect upon ripple filtering.

It is highly desirable, especially in high-
voltage applications, to use a plate transformer
which has as good regulation as possible, and
filter chokes which have low direct-current re-
sistance. Since the inductance of any choke de-
creases with the load current, because of the
saturation of the core, it is important to use
inductive components that are rated for the
maximum current-carrying capacity at which
the supply is to be used. Where the transformer
peak voltage approaches the peak voltage rating
of the rectifier tubes, scries resistors of the order
of 50 ohms should be inserted in each plate lead so
that, if a third harmonic is present, the resistor
voltage-drop will protect the tube. In all high-
voltage applications, and especially where gaseous
rectifiers are used, it is desirable first to turn on
the filaments and then to apply the plate voltage,
s0 that the tubes will not be damaged.

In calculating the rectifier d.c. output voltage,
the following general equation may be used:

Vae = 0.9 Vime— Vo

where I, = transformer voltage between cen-
ter-tap and one end of sccondary, and ¥, =
voltage drop across the rectifier.
An example of typical power-supply calcula-
tions follows: '
Requirements (output): 500 volts, 300 milliam-
peres, 0.1 per cent ripple, a bleeder resistance of
20,000 ohms and two 5Z3 tubes to be used.

0.667
= 20 o7
*=goor =
Ly at no load = %’(1%%%9 — 90 henries
Lo at full load = —1550 = 3.1 henrias
500
Lt L L

Rect.

= i

Tc Tc
Fig. 3 — Three-section filter with induélive input.
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For practical operation, a swinging input choke
rated at between 5 and 20 henries, with a current
capacity of 300 milliamperes, will be satis<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>