devoted engytirely to

@]Wll

In This Issue:

First Description of S. H. F.

MAGNETRONS




iniatuce_components to match the new Typical of the special units produced by
roximity fuse'’ miniature tubes. Output UTC is this high gain, 100 cycle, matching
input transformers, and re it ) transformer. Primary impedance 500 oshms,
ns 5" x 3/4" x 5 secondary impedance 37,500,000 ohms,

: -F shielding suitable for—160 DB signal level.

UTC linear standard transformers are the
ultimate in high fidelity design . . . fre-
quency response guargnleed * 1.5 DB
20 to 20,000 cycles . . . Low wave form _
distortion . . . Extremely low hum p 4
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Amateurs will write
the exciting new story
of radio communications

The log books are opening up all over the world. Once
again the fascinating data on stations heard or worked
will be set down by amateur operators as they establish
new records in radio communications. The reopencd log
books mark a new chapter in the development of radio.
Hallicrafters...as prime producers of amateur radio
equipment...will play a prominent part in the new chap-
ter. Hallicrafters high frequency transmitters and receivers
,will provide the instruments that will outline the future
development of all radio science...especially in the VHF
and UHF fields. O

s

hallicrafters ranio
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high frequency headquarters

Hallicrafters will shortly have a new home. Big, new headquarters for the further

development of high frequency communications equipment are under construc-
tion in the heart of Chicago’s great West Side industrial section.

Here, under the most advanced conditions, the science of radio will be brought
to new heights of perfection by Hallicrafters engineers. In this $600,000 modern
plant, the finest of its kind, all operations will be combined under one roof.
Straight flow production on onc floor will assure constant cconomy and efficiency.

Oan this spot Hallicrafters engineers will apply their research techniques to the
most extreme problems in FM, television, and high frequency development work.
Here “the radio man’s radio” will continue to be turned out with strict attention
to the maintenance of custom built quality in each unit.

licraffers raoio '
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REMEMBER THE NAME

Remember the name ALSIMAG.

It represents the highest quality Steatite
Ceramics for electrical and other
technical uses.

Assembled in your design yox can forget
the insulators. :

For they will give trouble-free, worry-
free service from now on.

Whatever you are planning in the
electronic or electrical field, we believe
our specialized knowledge will
be helpful.

Let’s work together,

AMERICAN LAVA CORPORATION

CHATTANOOGA 5, TENNESSEE
43RD YEAR OF CERAMIC LEADERSHIP

ALCO has been awarded for the ffth
Ime the Army-Navy “E" dward for
continued excellence in quantity and
quality of ersential war production,




% THE COUNTERSIGN OF DEPENDABILITY IN ANY ELECTRONIC EQUIPMENT
quB

‘ests Prove Eimac Vacuum

Condensers Far Superior

in Operating Efficiency

Ability to handle high current at high frequencies
is the true measure of the performance of a
capacitor. A high peak voltage rating based on
low frequency measurements does not tell the
whole story.

The chart on this page shows the results of tests
at 50 Mc. conducted on a standard EimacVC50-32
Vacuum Capacitor and three other 50 mmfd.
vacuum capacitors, designated on the chart by
“A,” "B” and “C.” At just over 17 amps. (approx-
imately 1525 peak volts across the capacitor) Unit
“A” (rated at many times the applied voltage) be-
came sufficiently heated to melt the solder on the
end caps. Under this same test, the EimacVC50-32
operates at less than 70°.

Eimacintroduced the vacuum capacitor in 1938.
It is interesting to note that the original Eimac

' capacitor design is still outperforming all comers.
Such outstanding performance is typical of all
Eimac products, which is one of the reasons why

; they are first choice of leading electronic engi-

" neers throughout the world.

ma
Follow the leaders to

EIMAC VACUUM CAPACITOR TYPE VC50-32
General Characteristics

Mechanical:
! Maximum Overall Dimensions
Llength . . . . . . . . .. « « « +.._653) inches
Diometer . . ._. . . . . - . ... 2.281 inches
Electrical:
Maximum Peak Voltage . . . .. ... 32000.volts
Maoximum RMS Current . . ... . . . ... 28 omps.

|

|!l-M:(ULlOUGH, INC., 1113 San Mateo Avenue, San Bruno, Calif.
ants located at: San Bruno, California and Sait lake City, Utah

} Agents: Frazar & Hansen, 301 Clay St., San Francisco 11, Calif., U. S. A.
|




A background of Performance —over 50 years -is the inside story of the popularity that has brou
leadership to Thordarson transformers. Performance over the years, after all, is the only true test of
* duct quality.
Consumer acceptance will continue because Thordarson research and design engineers are never satisf
just keeping abreast of the times. These meén are continually developing many transformer compone
which are instrumental in the production of new and better performing devices and equipment for
electronics industry.
This same pioneering spirit has been responsible for many new Thordarson transformer applications «
developments during the war « « ¢ all of which will be available shortly for civilian requirements.
Thordarson’s well-tested methods of sales promotion and distribution will continue their joint task
making Thordarson Transformers, together with complete information on their applications and
available to everyone in the field.,

Always think of Thordarson for top-notch transformers!

500 WEST HURON ST., CHICAGO, ILL.

¢
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High power output,
long life, feature

these transmitting

fube stalwarts!

@ TYPE GL-892

Water-cooled. . . $170

@ TYPE GL-892-R

Forced-air-cooled.$345

service life for the large AM transmitter owner
or the manufacturer using electronic heating.
General Electric Types GL-892 and GL-892-R
have demonstrated tE

ing and industrial sockets operating 24 hours a
day, 7 days a week. With broad applications as
high-power amplifiers, modulators, and oscil-
lators, Types GL-892 and GL-892-R also are
adaptable as to filament supply, their 2-unit fila-
ment permitting operation from 2-phase or
single-phase a-c, as well as from d-c. For com-
plete data to supplement the basic ratings at the
right, see your nearest G-E Office or distributor,
or write Electronics Department, General Electric
Company, Schenectady 5, New York.

HERreE is proved power, dependability, and long .

eir reliability in broadcast-

CHARACTERISTICS

Three-electrode high-vacuum power

tubes for use as amplifiers and modu-
lators in broadcasting and communi-
cations .e?ui{ament—a so oscillators in
industrial electronic heating. Besides
Types GL-892 and GL-892-R shown
above, Types GL-891 and GL-891-R
also are available at the same prices,
and are similar in design characteris-
tics except for the amplification factor,
as given in the table.

Rating GL-892 | GL-892-R | GL-891 | GL-891-R
Filament voltage Nv v v Nv
Filament current 60 amp 60 amp 60 amp 60 amp
Max plate volt;:ge 15000v | 12,500 v | 12,000 v | 10,000 v
Max plate current 2 amp 2 amp 2 amp 2 amp
Max plate input ] 30 kw 18 kw 18 kw 15 kw
Max plate dissipation | 10 kw 4 kw 6 kw 4 kw
Amplification factor 50 50 8 8

Notes: (1) Filament voltage and current given above, are per unit of 2-unit fifa-
ment. (2) Maximum frequency for all four tube types is 1.6 megacycles at max

plate input; up to 20 megacycles at reduced ratings.

GENERAL @3 ELECTRIC

161-D12-8880

TRANSMITTING, RECEIVING, INDUSTRIAL, SPECIAL PURPOSE TUBES
VACUUM SWITCHES AND CAPACITORS

1
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with the exception named, will be made,

ATLANTIC DIVISION

‘Section Communications Managers of the A.R.R.L. Communications Department

Reports Invited. All amateurs, espccially League members, are invited to report communications activities, training
plans, code classes, theory-dxscussxon groups each mid-month (16t.h of the month for the last 30 days) direct to the SCM,
the administrative official of ARRL elected by members in each Section whouse address is given below. Radio Club reports
and Emergency Codrdinator reports representing community organized work and plans and progress are cspecially desired
by SCMs for inclusion in QST. ARRL Field Organization a?polntmcnts, with the exception of the Emergency Co-

ordinator and Official Broadcasting Station posts, are suspended for the present and no new appointments or cancellations,

Eastern Pennsylvania W3BES Jerry Mathis 623 Crescent Ave. Glenside Gardens
Maryland-Delaware-District 9701 Monroe St.
of Columbia W3CI1z Hermann E. Hobbs Silver Springs P. O, Linden, Maryland
Southern New Jersey W3GCU Ray Tomlinson 623 E. Brown St. Trenton 10
Western New York WS8UPH Charles I. Otero 4158 Rld%e Road, West Spencerport
Western Pennsylvania WS8NCJ R. R. Rosenberg 927 East 3rd St. rie
_ GENTRAL DIVISION____ ,_, -
linois WONUX David E. Blake, I 4501 N, Malden St. ~Chicago {0
ndiana OE! Herbert S. Brier 385 Johnsun St. Gary
Kentucky . WOAR! Darrell A. Downard 2077 Sherwood Ave, Louisville 5
hcl-ugan N WSDPE Harold C. Bir R.F.D. 2, Box 228 Pontiac 2
Ohi WSMFP Carl F. Wiehe 122 St. Albert St. St. Bernard 17
Wisconsin 9RH Emil Felber, Jr. 1625 N. 18th St. Milwaukee 5
. DAKOTA DIVISION _ - - =
North Dakota WOEVE Raymond V. Barnett 406-17th St. Bismarck
South Dakota WoQVY H. Schultz 118 N. Yankton Ave. Pierre
Northern Minnesota WOKFUZ Armond D. Brattland Birchmont Drive Bemidji
Southern Minnesota WOYNQ Millard I.. Bender 608 N. Huron Ave, Spring Valley
) DELTA DIVISION,
Arkansas d Beck 2503 Bxshop St. Little Rock
Louisiana WSDKR Eugne H. Treadaway P. O. 44 LaPlace
Mississippi WS5SHAV P. W. Clement 524 Sann ni Sf Biloxi
Tennessee 4SP James B, Witt R.F.D. 6, Shady Dell f'rail Knoxville
HUDSON DIVISION, _
Eascern New York W2HZL Erncst E. Geo]ge 2044 Lexington Parkway Schenectady 8
Y.C. & Lon 1sland W2KDC Charles Ham, Jr. 151-06 84th Dri amaica, L. [.,
Northem New Jersey W2CQD Winfield G. Beck 617 Spruce St. osclle
- MIDWEST DIVISION.
Jowa J slie B.Vennard 2712 Washington St. Burlington
Kansas W9AWP A. B. Unruh 1617 S. Seneca St. Wichita 12
Missouri W90 Mrs. Letha A, Dangerfield 411 Moffett Ave. g)plm
Nebraska W9FQB Arthur R, Gaeth 6105 N. 37 St. maha 11
- NEW ENGLAND DIVISION, -
qunnecucut WIK Edmund R. Fraser 48 Willow St. West Haven 16
Maine WI1A . C. Brown 379 No. Main St. Brewer
Eastern Massachusetts WI1A P Frank L. Baker, Jr. 91 Atlantic St. North Quincy 71
Western Massachusetts WI1JAH William J. Barrett 239 Columbia St. Adams
New Hampshire WIFTJ Mrs. Doroth; W. Evans P.O. Box 312 (Concord )
Rhode Island WIHRC Clayton C, Gordon 70 Columbia Ave., Gaspee Plateau, Providence $
Vermont WINLO Burtis W. Dean P. O. Box 81 Burlington
NORTHWESTERN DIVISICN.
Alaska KIGNN ames G. Sherry Homer
Idaho W7AVDP on D. Oberbillig P. O. Box 186 Boise
Montana . WICPY Rex Roberts Box 1088 Glendive
Oregon w7 GN{ Carl Austin 1137 Federal Bend
Washington WIF . U. Tatro - 513 N. Central Olympia
PACIFIC DIVISION.
Hawali - KORTG _ Howard S. Simpson 7068 Wells St. Wailuku, Maul
Nevada 6C N. Arthur Sowie Box 2025 enu
Santa (.lara Valley weluz Earl F. Sanderson 600 Acacia Ave San Bruno
East B W6TI Horace R. Greer 414 Fairmount Ave. Oakland 11
San Francisco WG6RB William A. Ladley 200 Naylor St. San Francisco 12
Sacramento Valley W6MD Vincent N. Feldhausen 113 South Quincy St. McClou
Philippines KAIGR George L. Rickard Box 84 Manila
San Joaquin Valley* W6BXB Edward H. Noack 811 West Magnolia St. Stocktun
ROANOKE DIVISION. _
North Carolina WACYB W. J. Wortman P. O. Box 566 ‘Morganton
South Carolina W4BOE/ANG Ted Ferguson 3422 Rosewood Drive Columbia 25
Virginia W3AKN alter G. Walker 217-51 St. Newport News
West Virginia Kenneth M. Zinn P. O. Box 132 Clarksburg
ROCKY MOUNTAIN DIVISION
Colorado VG H. F. Hekel 2743 8uhan St. "Denver 11
Utah-Wyoming WG6LLH Victor Drabble Ogden, Utah
_ _ SOUTHEASTERN mvxson
Alabama - W4GBV Tawrence J. Smyt 808 Winona Ave Montgomery
Eastern Florida w41P Robert B. Mu 3302 S. W (.rmpcland Blvd. Miami
Westem Florida W4MS Lt. Edward ol s 1409 N. 10th A v 'ensacola
Georgi W4FDJ Ernest L. Murzan R.F. Lyons
Wcst Inches (Cuba)
(Puerto Rico-Virgin Islands) K4KD Everett Mayer P, O. Box 1061 San Juan S, P. R.
SOUTHWESTERN DIVISION __ .
Los Angeles WG%VV H. F. Wood 429 So. Fairview Burbank
Arizona 6 Douglas Aitken 341 S. Mt. Vernon Ave.  Prescott
San Diego W6CHV Ralph H. Culbertson 7172 Eads St La Jolla
WEST GULF DIVISION
Northern Texas WSALA Jack T. Moore 5712 Berkshire Lane Dallas §
Oklahoma WS5A Ed Oldfield 41 N.W. 35th S¢, Oklahoma City 6
Southern Texas W5JC James B. Rives 1721 Kentucky Ave, San Antonio 1
New Mexico WSHJF J. G. Hancock 110 S. E. Nevada St. Portales
MARITIME DIVISION, ) i} _ _
Maritime VEIDO K. M. Crowell 69 Dublin St. “Halifax, N. 5.
_ ONTARIO DIVISION.
Ontario VE3EF “Wing Commander c/o Canadian Bank of
Donald R. Gunn Commerce New Toronto, Ont,
_____QUEBEC DIVISION, - _
Quebec S VE2CO Tieutenant L. G. Morris 4114 Hingston Ave. Montreal 28, Que.
_ _ VANALTA_ DIVISION.
Alber! VE4GE  C.S. Jamieson 581 W. Riverside Drne Drumbheller, Alta,
Brmsh Columbia VEsSDD C. O. I. Sawyer 2634 West 31st Ave Vancouver .
- _ ___PRAIRIE DIVISION
Manitoba VE4AAW A. W. Morley 26 Lennox St. St. Vital
Saskatchewan VE4SY Arthur Chesworth 1084 Redland Ave, Mouse Jaw
e SS—-—

*Officials appointed to act temporarily in the abscnce of a regular official.




ESTABLISHED 1910

‘Here’sv' the dnsWer to your UHF dé‘signvp‘rqblems.b Noi_selesé.

operdtion = no rotor contacts — sym}ﬁéfriédl;" ryout, The
new “VU" type variable capacitors c‘dn be used in conven-
tional tuned circuits at frequencies as higl'i_ as 500 mega-
cycles. Write for folder with full technical dat

THE HAMMARLUND MFG. CO., INC., 460 W. 3474 ST., NEW YORK 1, N.Y.
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is a noncommercial association of radio amateurs, bo;
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tion and experimentation, for the relaying of meesages by
radio, for the advancement of the radio art and of the
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on its board. L
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tion and has a history of glorious achievement as the
‘standard-bearer in amateur affairs,
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cation; ownership of a transmlttmg station and knowledge
of the code are not prerequisite, although full voting mem- _
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“IT SEEMS 10 US—"

WERE OFF!

As wWE write it is not quite November
15th and so we can only speculate on how we
fellows are going to find things after that magic
date, and drool over how swell it’s going to feel
to be going again. But as we glance backward
over our calendar it seems to us, by T.0.M.’s
whiskers, that amateur radio has been doing
pretty well for itself! It was just back in August
that we were still dropping A-bombs on the Js.
In three short months we are opened up on
most of our frequencies above 28 Mc. We may
work any DX that we can hook and we may
operate portable on any band. Arrangements
are almost ready to issue station licenses to
those who don’t now have them. The military
services are working hard to clear our remain-
ing bands and have already made a great deal
of progress. WIAW is going again. Technical
information is flowing out like mad. Our manu-
facturers and suppliers have tempting new
arrays of stuff. Of course we’re not really back
“on” until we get “80, 40 and 20” but our
point is that it’s going to seem no time at all
until things are like they were in the old days.

If we can judge by the notes in the QSTs of
twenty-six years ago, when we reopened after
War I, we’re not likely to make an astound-
ingly rapid return to the bands now open to us.
Many of us, who have been too busy to over-
haul leisurely, are going to have our equipment
troubles: moisture in transmitters idle these
many years, corroded connections, receivers
out of alignment, halyards that have long since
parted company with their pulleys, missing
parts to replace. There’ll be days and nights of
hard work — and, we suspect, plenty of cussing
— before our old rigs are perking again. But,
boy it’s worth it, when you think of the DX
commercial harmonics you’ve been hearing on
10 and the grand extended ranges there have
been on 5 recently. And of your old pals wait-
ing to sked you. And of your chance to be the
one to make the first éS‘O on a shiny new
microband. Let’s make the most of our new
opportunities, fellows, and get going quickly.

But let us at the same time resolve to make a
clean start in our operating habits and leave
some of our prewar bad ones behind us. While
we shall start out rather slowly, we must ex-
pect that our bands will. soon become con-
gested and we're going to need a new order of
operating courtesy. Those of us first on the air

will set the pace for those who follow. Let’s do
it right. There are some things that definitely
need our attention. Most of them boil down to
the fact that we were rarely considerate enou,

of the other fellow. To get by, he had to do the
same things. The result was our prewar mad-
house of QRM, most of it unnecessary. Do you
mind a few suggestions?:

1)- Make short calls, particularly when call-
ing CQ. Short calls, repeated as necessary, are
as effective as a longer call — either he hears
you or he doesn’t. And people detune a lon
CQ, because there’s no sense in waiting all
evening for you to sign and go over.

2) Use break-in and push-to-talk. Nothing
s0 saves the air from needless cluttering-up.
They are the hallmark of the efficient amateur.

3) Don’t talk locally on a DX frequency.
Shift to a v.h.f. The days are gone when we
can afford to have local five-cornered gabfests
messing up a longer-distance band all evening,
If everybody does it, there’ll be no DX for
anybody. But it’s quite all right on a local fre-
quency; that’s what little v.h.f.s are for.

4) Don’t have just one power setting, your
maximum. Be able to reduce power and to trim
it to the minimum needed to sustain satisfac-
tory communication. That will vary with con-
ditions and the distance. FCC regulations re-
quire it. We should be ashamed to cause inter-
ference at a thousand miles when talking to
another station only five hundred miles away.

5) Give honest signal reports, minus the
flattery, and expect the same in return. Not
only be satisfied with a candid report, demand
it. What good can you possibly derive from a
misleading report that caters only to your
vanity? The way this Alfonse & Gaston show
was going before the war, we were about to run
out of S-numbers. Be honest in your comments,
so the other fellow can really help himself from
your information. ,

6) Don’t be a show-off. Sure you can send
faster than he can copy; everybody’s rusty
now. But you can’t send well any faster than
you can copy yourself, and you’re rustier than

ou know, OM. Adjust your speed to the other

¥ellow’s. You only waste your time if he has to

ask for repeats, and meanwhile you jam half

the United States. A steady 18 will move more

traffic than a flashy (and generally lousy) 27.

Don’t try to burn up a beginner; you were one
(Concludoed on page 88)




Loran—the Latest in Navigational Aids

Part I— Fundamental Principles

BY ALEXANDER A.

TUCKED away in an “off campus’’ build-
ing, its personnel not encouraged to discuss their
work with others in the super-secret Radiation
Laboratory at Massachusetts Institute of Tech-
nology, there grew a project which was not radar.
In December, 1941, preliminary tests proved that
an extensive gridwork of radio encrgy correspond-
ing to, but not identical with, latitude and longi-
tude could be set up, available in fair weather or
foul to anyone with the proper sort of receiver.
In July, 1942, Laboratory field engineers began
installing what was then called LRN transmitting
equipment. Although the system and all its equip-

Fzg 1 —A receiver located along the perpendlcular bisector of a
line joining the two transmitters sees no difference in the time of ar-

rival of simultaneously keyed signals.

ment was carefully engineered, many aspects of
the early installation depended upon the know-
how and imagination which builds ham stations
out of haywire. Indecd, many of the men respon-
sible for both design and installation were hams.

By May, 1945, this system of LOng RAnge
Navigation, LORAN, covered more than a quar-
ter of the earth’s surface, both land and sea.
Thousands of Loran receiver-indicators had been
manufactured and put into operation as standard
equipment aboard ship and on planes. The task
could not have been so brilliantly executed with-
out close codperation with the Navy through its
operating agent, the Coast Guard, and its chart

* Radiation Laboratory, Massachusetts Institute of
Technology, Cambridge, Mass. This paper is based on work
done for the Office of Scientific Research and Development
under contract OEMsr-262.
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maker, the Hydrographic Office. Loran stations
are also operated by the Royal Canadian Navy,
the British Admiralty and the Royal Air Force.
Later, when the Army found uses for special
Loran gear, there was the same inspiring exhibi-
tion of codperation between the armed forces and
a strictly volunteer civilian organization.

There are many sides to the Loran picture, some
of which can not yet be discussed. Much of the
equipment now in successful operation was obso-
lete before it was installed, and some expedients
were employed in the haste of war which will
not be wholly in accord with peacetime concepts
of commercial manufacture and op-
eration.

In gencral, this article will try to
deal with the overall Loran picture
from an angle of interest to amateurs.

Elements of Loran

Consider a receiver capable of
measuring very small time differcnces
between the arrival of signals. If this
receiver is placed midway between
two transmitters which are keyed at
the same instant, as in Fig. 1, it will
measure no difference between the
time of arrival of signals. In fact, if
the receiver is moved anywhere along
the perpendicular bisector of the line
joining the two transmitters it will
measure no time difference between
pairs of instantancously recurring
signal impulses.

If the receiver is moved to point A
of Fig. 2, adifference in time of arrival
of the signals will be noted. Assuming
the specd of propagation to be equal
in every direction, the time delay
measured by the receiver is dircetly proportional
to the difference in distance traversed by the two

In the excitement and glamor of war-
time radar, other radio-elcctronic devel-
opments have been eclipsed —or kept
even more secret. Among these is Loran,
a long-range navigational aid that adds
immeasurably to the safety of navigating
the sea and air — a system which, in the
long run, may prove to be one of the most
useful inventions of the war.

In this, the first of three articles, the
elecments of Loran arc discussed. The
equipment and its use will be covered in
subsequent installments.
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sets of signals. At point B, the same time difference
will be measured as at point A, thus leading to an
ambiguity as to which side of the midpoint line
the receiver is located. However, this ambiguity is
resolved by the very practical trick of keying one
transmitter, designated as the “Master,” receiv-
ing the signal at the other transmitting location,
waiting a definite time interval which we might
call the “station delay,” and then keying the
second, or “Slave” transmitter. As shown in Fig.
3, points A and B equidistant from the midpoint
may now be distinguished by the fact that the
receiver measures g different time difference at
each point. There will be a lesser difference or
delay,  measured between arrival of Mastér and
Slave signals, at point A than at point B; this
is because the Master signal is received later at
A than at B, and the Slave signal is received
sooner at A than at B, owing to the path
lengths.

We have scen from Fig. 1 that in our simplified
system the rcceiver may be moved anywhere
along the perpendicular bisector of the base line
Joining the.stations without changing the time
difference reading (which in this case was zero).
Identical time difference, or delay, readings will
be found everywhere along the bisector of the
base line of the practical Loran set-up in Fig. 3
(although here the time difference will not be
2€ero).

If the receiver is continuously moved away
from the base line at any point other than along
the perpendicular bisector in such a way as to
maintain a constant delay reading, it will be
discovered that the receiver path describes a
hyperbolic arc. As the receiver is started on its
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Fig. 2 — A receiver located at either A or B measures the same time

difference in arrival of signals.

excursions from the base line at points nearer and
nearer one or the other of the transmitting sta-
tions the lines curve more and more to cnclose
the proximate transmitter; see Fig. 4. The hyper-
bolic lines so generated are lines of constant time
difference. Up to this point we have assumed a
flat earth, but even on the real, spherical earth,
these lines of constant time differ-
ence are very similar so that properly
modified hyperbola-like lines may be
drawn on charts or their values in
terms of latitude and longitude tabu-
lated. A pair of stations as shown in
Fig. 4 would furnish to any receiver
within range a finite series of lines of
position (many more, of course, than
we have shown).

This information alone would
prove insufficient for most naviga-
tion, since the navigator of a ship
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Official pholograph, Royal Canadian Navy.
The Loran transmitters at the Baccaro installation_

, or a plane would wish to know not only in what
“lane” he was traveling, but also at what point
along the lane he happened to be at the moment.
Fig. 5 shows the solution to this difficulty. An-
other pair of stations is arranged to give another
set of lines of position which intersect the first set.
The navigator’s recciver then finds the two lines
of position (such as J-6500 and K-5000) along
which his ship is traveling at the moment. Their
point of intersection tells him where he is at the
time of the observation. In actual practice, only
one transmitter is necessary for sending out both

Master signals. The navigator iden-

tifies pairs of signals, then, by a

means other than a difference in

their radio frequency. This last point
is important in understanding how
little of the limited radio spectrum
is used up by the Loran system. It
is probably apparent by this time,
too, that the transmitters must be
keyed very rapidly indeed to furnish

a useful, continuous service to navigators. Yes,

they are pulsed. Since the velocity of propagation

of radio waves is 186,000 statute miles a second,
and therefore 0.186 miles per microsecond, all

our thinking must be in terms of this small unit .

of time if we are to achieve any accuracy at all in

the Loran system.

TX

(SLAVE WAITS
A LITTLE TIME)

Fig. 3 — With a time delay between the Master and Slave trans-
missions, a receiver at A measures a smaller time difference between
arrival of signals than does a receiver at B.
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Frequency Considerations

Although we have referred to the fundamental
concepts above as Loran, they would apply in
general to other hyperbolic systems, notably the
British Gee System, which has much in common
with ours. One of the things which makes Loran
successfully long range (and a thorn in the flesh
of us amateurs) is its choice of radio frequency.

OOOOOOO
7935

ol
al o
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Fig. 4 — Hyperbolic lines of constant time diffecence
with arbitrary numbers assigned.

The carly development work was begun on a
frequency near three megacycles which proved to
be unsatisfactory for rcasons outlined below.

Operations were then shifted to a little above two |

megacycles. Although the frequency was satis-
factory for Loran, the pulsed signal began ringing
the telephone bells on Great Lakes ships at a
great rate. Loran was then hastily moved into
the recently vacated amateur 160-meter band
which has proved excellent for the purpose.

The use of the present frequency (actually
several bands of frequencied) has now proved to
be mandatory for a number of reasons, princi-
pally the sky-wave characteristics. It should be
noted, however, that a greater daytime range,
particularly over land, would be obtained by
going to a frequency very much lower than the
broadcast band. An active experimental program
has procceded along these lines during the war,
and should be continued by a governmental
agency in the near futurc.

For the moment, let us consider only the over-
water service of a Loran system operating at
around 100 kilowatts peak power on approxi-
mately two megacycles. Previous knowledge sug-
gests and experience confirms that useful ground-
wave signals should be received at sea from a
transmitter 700 nautical miles distant during the
day and about 450 nautical miles at night, Over-
land coverage is extremely limited. If we were
talking about code reception we could count in a
great many additional miles which would be
added by virtue of the sky waves, but in a sys-
tem which deals in units of microseconds, the
additional time involved in a wave traveling from
the transmitter up to the ionosphere and then
bouncing back to the receiver, compared to the
more direct ground wave, is considerable. Sce
Fig. 6. A correction would have to be subtracted
from each sct of readings involving sky waves.
The difficulty of determining the value of such
a corrcction will be apparent to anyone who has
communicatecd by means of the continuously
varying sky waves. It so happens, however, that
the fading ecxperienced in communication is
causcd by layers which are such strong reflectors
that they obscure the effects of another which is
of the greatest usefulness in Loran. This is the
“anomalous” or “nighttime” E layer. The
“normal” E layer at a height of about 100
kilometers disappears at sundown as does the
absorbing D layer at a height of about 75 kilome-
ters, leaving the nighttime E, a tenuous, non-
varying layer at about 95 kilomecters. The rcla-
tive steadiness of the nighttime F layer extends
the range of Loran to double its daytiine dis-
tance, or about 1400 nautical miles. This is be-
cause the additional time taken in propagation by
means of the nighttime E layer can be determined
and the average ‘“skywave delays’ plotted on
charts or indicated in tables. It would be dan-
gerous to use signals much beyond the 1400-mile
limit since the strength of the “first hop” reflec-

Fig. 5—How two
pairs of Loran trans-
mitters furnish a fix
for a ship.
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Fig. 6— A longer time is re-

quired for the sky-reflected wave //

to reach thereceiver than is taken Ve
by the ground wave, because of pd
the longer path.

L4

tion begins to fall off very rapidly and approxi-
mates that of the “second hop,” the character-
istics and identification of which are a more diffi-
cult matter. The whole business of sky wave
reception has, of course, been over-simplified
here.

It now becomes apparent why the 160-meter
band has proved so valuable for Loran. Over
water, the daytime signal from any given station
might reach out to 700 miles, but would fall off
at night to around 450 miles, owing to increase of
atmospheric noise. However, at two megacycles
the nighttime E sky wave provides a short skip
and extends out to over 1400 miles without a gap
petween ground- and sky-wave regions. This is
not true at a slightly higher frequency. Lower
frequencies would work if available. It must be
noted that there is a limitation against using the
sky wave at less than 250 miles from the trans-
mitter. It is also true that the useful coverage
resulting from a pair of stations is less than the
distance at which a single signal may be heard.

Since it is possible to match sky waves with
receiving equipment, it is also possible to arrange
the transmitting stations at such distances (about
1200 nautical miles apart) that they receive no
ground wave signals from each other, but only sky
waves. Thus “synchronization,” or maintenance
of constant station delay, can take place only at
night. Despite the slight fluctuations in the night-
time F layer, the system has other advantages
which have made it not only excellent for naviga-
tion but also for some types of bombing in the
European phase of the war. This is known as
“SS” (sky-wave synchronized) Loran.

Accuracy

A detailed discussion of the factors which limit
the accuracy of Loran would not be of general
interest. There are, however, a few criteria which
will be apparent to most readers as soon as they
are pointed out. Consider Fig. 4. It is clear that
the greatest accuracy is obtained at the midpoint
of the baseline joining the transmitters, since at
that point an error of a microsecond involves less
physical distance. As we move out on the per-
pendicular bisector the error increases because
the lines begin to fan out and there is more dis-
tance between adjacent hyperbolic lines. The
worst regions occur at either end of the extended
base line. The error of a fix, Fig. 5, depends not
only upon the errors of the hyperbolic lines of
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position but also in their crossing angles. The .
closer to a 90-degree angle the lines make with
each other, the less the error of the fix. The longer
the base line between transmitters, the more
hyperbolic lines of constant time difference there
are and the less the divergence between adjacent
lines comparable to those mentioned in connec-
tion with Fig. 4 above. It is, in fact, these last
two conditions which let us tolerate the syn-
chronizing errors caused by a fluctuating sky
wave in the SS Loran system. SS transmitters
are set up as nearly as possible at the corners of a
quadrilateral whose diagonals are long compared
to standard Loran base lines. The hyperbolic
lines then cross at nearly right angles and there
are many of them, nearly straight, in the area to
be covered. See Fig. 7.

Pulsed Systems

We have shown that in order to make our sys-
tem operate, we must key the transmitter very
rapidly, or pulse it. In itself this does not seem
to be a desirable state of affairs because we all
know that a pulsed signal is a wide band signal,
using up a lot of valuable frequencies. It has been

" mentioned, in connection with Fig. 5, that the

navigator’s means of identifying which pair of
stations he is receiving is not accomplished by
means of a different radio frequency for each
pair. The pulse rate, the number of regularly
spaced impulses in a given time interval, then,
furnishes the identification. Provided we are able
to transmit signals with small variations of pulse

-f{--===="=""" SLAVE
__ RATE 1

MASTER "~
RATE t __{

SLAVE
RATE O

Fig. 7 — Ideal layout for two pairs of SS Loran sta-
tions, showing good crossing angles and long base lines.
The circles enclose “forbidden™ areas of low accuracy.
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£,
TRANSMITTERS TOO FAR APART
LITTLE GOVERAGE.

TRANSMITTERS TOO GLOSE
BASE LINE TOO SHORT
FOR AGGURAGY,

A,

rate and build receivers to distinguish between
the small variations, we have a fine way of getting
something for nothing. For instance, we can fly
a plane from San Juan to London by Loran navi-
gation and never switch the receiver frequency
once. The 18 transmitters required for this service
occupy, of the total frequencies assigned for

. Loran, 100 kilocycles at 40 db down — all 18 of
them, operating at once.

If the pulse rate is too fast there will be a limi-
tation to the length of the base line. This is owing
to a confusing multiplicity of signals appearing
at the receiver scope when the base line is long
compared to the time of arrival of successive
pulses. The peak power of the transmitter will be
somewhat less than with a lower pulse rate. If
the pulse rate is too slow, there will be flicker in
the images presented by the receiver scope, par-
ticularly when the signals have been greatly ex-
panded by a fast sweep. The most favorable rate

Official photograph, Royal Canadian Navy.

From lonely outposts such as this, Loran beacons ’
guide ships and planes on their courses regardless of
weather. g'h.is is a Quonset-hut installation at Baccaro,
Nova Scotia.

was decided upon as 25 pulses per second, al-
though 3314 has also becn used with entire suc-
cess. We refer to 25 pulses per second (or 3314)
as being the “basic” rate of a chain, or Rate 0.
Rate 1 is 2534 ¢ pulses per second. Rate 2 is 253{¢
and so on. By maintaining these rates very ex-
actly and by providing the receiving equipment
with the necessary diserimination, the desired
pair of signals is picked out and automatically
identificd Although the other signals on the same
radio fi.:quency and within range are received,
they appear to move across the receiver scope
and do not interfere with reception of the desired
. signal. It is these beats betwcen the adjacent
rates which are heard when you tune to the domi-
nant signals in our former 160-meter band.

Siting
For those who like to travel, the installation
phase and siting of Loran stations was the adven-
turous aspect of the project. It is, in fact, another

story for which there is no room in an outline
account of the system. The Radiation Laboratory
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/ Fig. 8 — Effect of
’//%) station placement o;

G coverage available to

COMPROMISE BETWEEN navigators.

COVERAGE AND ACCURACY

was responsible for the proper siting and erection
of five stations in the North Atlantic system.
It also had two experimental stations which were
initially used at the southern end. A lot of the
fun of siting comes in the fact that there are no
working formulas which automatically grind out
the proper locations for the stations. Instead, we
must take Nature as she is and make the best
possible compromise between sites which are
available and the ideal spot.

Siting of the stations must take into account all
the factors discussed above and several more.
Since we are considering an over-water system, it
is apparent that the transmitters must be as close
as possible to the shore. The attenuation caused
by a five-mile stretch of land in the path between
one of the experimental stations and the first
permancnt station was found to be more than 15
db. The primary consideration in the siting is to
place the stations close enough together so that
synchronization can be maintained. It's the old
story, ‘“You've got to hear ’em to work ’‘em.”
On one hand, the longest possible base line gives
the greatest accuracy, for reasons described
above; on the other, a long base line decreases the
coverage from pairs of stations. The actual cover-
age is most often a compromise between these
two factors and geographical considerations, as
shown in Fig. 8. The first stations, erected by
Radiation Laboratory, were placed as follows:
Delaware, Long Island, southern and northern
ends of Nova Scotia; east coast of Newfoundland,
Labrador (a little north of Belle Isle), and the
southern tip of Greenland.

(To be continued in a coming issue)




Centimeter-Wave Magnetrons

The Tubes That Made Microwave Radar Possible

BY

ALTHOUGH radar has emerged from the
war as a startling new discovery, its principles
are not as new as they might appear to be at first
hand. Radar was known and developed simul-
taneously in America, England, France and Ger-

many during the early 1930s. Like every other .

electronic device, its development and improve-
ment was predicated on the development and
availability of tubes. The heart of any electronic
device is a tube, whether it be a radio set, a
radar, or an electronic counting device.

Very early radars wcre low-frequency devices
which used enormous dual antennas and large,
bulky transmitters and reccivers. It was known
at the time that radars capable of greater resolu-
tion and accuracy, as well as much smaller and
lighter in weight, could be developed if tubes
could be made available to generate power at the
superhigh frequencies. Accordingly, the British
Admiralty assigned the problem of developing a
generator of microwaves to a research group at
the University of Birmingham. The Birmingham
group developed a practical form of cavity
magnetron which, along with other developments,
opened- the possibility of obtaining satisfactory
power output at extrcmely short wave lengths.
In the latter part of 1940, a British technical mis-
sion headed by Sir Henry Tizard demonstrated
the cavity magnetron to our American scientists.

In the fall of 1940, Raytheon assigned its best
research and engineering talent and facilities to
work with the Massachusetts Institute of Tech-
nology in the making of experimental microwave-
type tubes. The art st that time was completely
new — about as far advanced as radio was in the
old spark-gap days of 1916. The theory of genera-
tion of microwaves was not understood, equip-
ment for experimentation was not available, and
methods of producing useful tubes were unknown.

As is now well known, radar operates on the
principle of sending out extremely short bursts or
pulses of high-frequency encrgy and measuring
the time interval required for this small package

*Power Tube Division, Raythcon Manufacturing Co.,
Waltham, Mass.

Capable of almost unbelievably high
outputs at tremendously high frecquen-
cies, the magnetron tube is the heart of
high-performance radar equipment.
This is the first published information
on s.h.f. magnetrons, written by a mem-
ber of an organization that had a leading
part in the manufacture of both tubes
and complete radar equipments.
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This type of package magnetron uses direct coupling
from one of the magnetron cavities to a section of wave
guide. The glass window on this section of guide acts as
a matching transformer into the external wave guide.

The glass boot around the heater leads is cut away to
provide for forced cooling of the heater leads and real.

of energy to reach its objective and to be reflected
back to its source. When the length of time re-
quired for the energy to travel back and forth is
known, the distance to the object can be ac-
curately ascertained. By concentrating the energy

. into a very narrow ray the beam can be used to

scan different objeets, and the orientation of the
beam antenna system or ‘director” gives the
direction. Thus the position as well as the distance
of a given object can be accurately gauged.

The two basic requirements for the generator
are that it be capable of producing an extremely
large amount of r.f. energy for a short period of
time, and that its frequency be as high as prac-
ticable so that the narrowest possible beam can
be produced with a given size of reflector in the

_radiating system, It is further required that the

generated frequency be quite stable. The mag-
netron is essentially a device which can be pulsed
rapidly for intervals of the order of microseconds
and which is capable of delivering hundreds,
thousands and millions of watts of power at
wave lengths in the centimeter range.

Magnetron Construction

To achicve such frequencies, conventional ideas
of tuned circuits containing lumped inductance
and capacitance had to be discarded. Even the
shortest lead lengths are too long to allow satis-
factory operation at these frequencies. For this
reason the circuits are built directly into the
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The metal tube is the 2K25, a receiver local oscillator
of the reflex-klystron type that tunes from 8700 to 9550
Mec. The cavity is built in and is adjusted by the square
nut on the side. Small variations of about 40 Mc. are
obtained by changing the repeller voltage a small
amount. What looks like an extension of one of the
socket pins is a small length of coaxial line and antenna
used for output coupling.

The glass tube is the 7214, a duplexing tube, Used in
an external resonant cavity, it serves as an instantane-
ous switch to short the input of the receiver when the
transmitter is on and hence protects the small erystal
used as a mixer in the receiver. The cap on the side is for
a “keep-alive” voltage which maintains some ions in the
tube at all times and decreases the break-down time
when the transmitter power is applied.

anode of the tube. Essentially, a magnetron is a
thick-walled hollow cylinder of copper with a
series of identical longitudinal “keyholes” in the
wall around the inner diameter, the keyholes
being cut so that the narrow slots open into the
center hole. Each of the keyholes represents a
transmitter circuit, with the hole itself making
up the inductance and the slot providing the
capacity. Conventional oscillators use just one
tank circuit, but in order to obtain workable
sizes of tubes the magnetron uses a series of
multiple keyhole circuits all tuned to exactly the
same frequency. In the center of the cylinder is
placed an emitting cylinder, usually in the form
of a nickel sleeve coated with active barium and
strontium oxides which, upon being heated,
produce a copious flow of electrons. Energy is
removed from one of the cavities either by using &
coupling loop or by having the cavity open into a
wave-guide window.

In the opcration of the magnetron a magnetic
field is applied axially to the tube, causing the
electrons to describe circular paths about the
cathode when a high-voltage pulse is applied
between anode and cathode. The electron motion
can be looked upon as an air stream passing a
slot, which, when the stream acquires the correct
velocity, causes the cavity to resonate. The
critical velocity of the electron stream is reached
when one cavity represents a negative portion of
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the output wave while the next cavity is positive.
The problem of the growth of oscillations is too
complex to be adequately covered by such a
simple analogy, but space does not permit dealing
with it more completely at the present time.

Building the Tubes

The manufacture of magnetrons is difficult,
inasmuch as the tube requires a very high degree
of vacuum, must be capable of delivering ex-
tremely high currents at high voltage, and requires
the utmost in mechanical precision in & metal —
oxygen-free copper — which is very difficult to
machine. The original magnetrons were made by
taking a solid cylinder of copper and drilling,
machining, and broaching the desired configura-
tion from the solid chunk. Approximately 100
man hours of expert machine work were required
to accomplish this, and the results were not
always too satisfactory because for full efliciency
each of the cavity resonators has to be the identi-
cal counterpart of its neighbor. Morcover, after
having been machined the tubes required hours
of processing, aging and testing. Their production
was slow and costly.

Foreseeing the nced for large quantities of
microwave equipment the Navy, in December of
1941, made funds available to Raytheon for the
ercction of a factory and the establishment of
facilities for the production of microwave tubes.
A building providing 120,000 feet of floor space
was hurriedly erected. Equipment was designed,
machines were ordered, and in May of 1942
Raytheon moved into this heavily guarded tube
plant and produced the first magnetron in its new
location. At the time these facilities were planned
they were laid out for a maximum production of
100 magnetrons per day. No sooner had the plant
begun operating than the demand for the tubes
increased from the hundreds to the tens of thou-
sands. Sufficient machine tool capacity did not
appear to be available to meet this demand, and

The 2J38 is' a compact lower-powered magnetron of
the package type that was used extensively in aircraft
radar. The output fitting is for coaxial line.
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the magnetron loomed as the bottleneck item in
the whole radar picture.

At this juncture Percy L. Spencer, W1GBE,
the Raytheon Director of Research, developed a
mass production system, known as the “lamina-
tion” method, that eliminated precision machine
work and overnight expanded plant capacity
from one hundred per day to over one thousand
per day. In this method the desired anode con-
figuration is stamped out of thin sheets of copper.
Half of the copper punchings are discs having a
diameter of about two inches, while the other half
are stamped to a three-inch diameter. The two
sizes are stacked alternately on precision jigs and
then brazed together into one solid mass in an
automatic conveyor furnace. In this way the
entire magnetron body can be made without any
precision machine work. Not only is the desired
anode configuration achieved by this method, but
the large laminations form the cooling radiator
as well, making it an integral part of the tube
body. This has the effect of providing much
better cooling. To supplement the lamination

method 20-foot diameter automatic exhaust ma--

chines were built, making it possible for one
operator to do work formerly requiring fifteen in
processing the tubes. All manufacturing was
converted over to mass production techniques,
with magnetrons being produced on a series of
120-foot production lines.

How well these methods worked is attested by
the fact that magnetrons, the item which orig-

The 4J38 is a high-power “maggie” capable of a peak
power output of 850 kilowatts at 3600 megacycles
(8.3 centimeters). A pick-up loop in one of the anode
cavities connects to a coaxial line which terminates in an
antenna in the wave-guide section at the left. The ring
at the top of the glass tube enclosing the cathode leads
is a corona shield, required because of the high potential
(30,000 volts) at which this tube operates. The over-all
height is slightly over ten inches.
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The insides of a 12-cavity 3-cm. magnetron shown
actual size. The two rings inside the structure strap al-
ternate cavities, The two fins are part of the cooling
surfaces.

inally had been figured as a crucial bottleneck,
never once held up the manufacture or shipment
of a piece of radar equipment. Furthermore, these
mass production methods were such that over
half of all the magnetrons produced in the world
flowed out of this one Raytheon plant.

Versatility Plus!

As the war progressed, different technical re-
quirements dictated needs for different types of
magnetrons. Special tubes were required to direct
the guns of the big battle wagons, to search the
skies for planes, to direct anti-aircraft search-
lights, to track down fast flying buzz bombs, to
make lightweight portable beacons, to direct
precision bombing from the skies, and to land
planes. The number and variety of tubes grew
until there were fifty or sixty different types.

As usual, the first demand was for greater
efficiency. Twenty per cent was about the best
that could be obtained with the early tubes. By
designing for better ratios of inductance to ca-
pacity and, principally, by discovering “strap-
ping,” tube efficiencies were increased to well
over 50 per cent. As one of the photographs shows,
the alternate solid sections between the cavities
are electrically connected together. This forces
alternate cavities to lock together to produce a
single frequency, thus overcoming minor fre-
quency differences between individual cavities.

The second requirement was for tunable mag-
netrons. At the rate new equipment was being
designed, it looked as though there would have
to be innumerable magnetron types if each one
had to be a fixed-frequency device. To meet this
need, several different types of tuning mech-
anisms were developed at Raytheon. The one
that has probably had the widest use in the field
is that employed in the 2J61A. In this tube a
small capacity ring is mounted directly above the
anode block opposite the ends of the cavities. By
varying the distance between the ring and the
anode body the capacity to each individual
oscillator is readily changed. Varying the spacing
between the ring and block imposed a rather
serioug problem, inasmuch as mechanical motion
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A *package-type” magnetron, in which the magnet is
integral with the tube. The 2J55 operates at 9400 mega-
cycles (3.2 centimeters), The over-all height of the tube
is six inches.

had to be transmitted through a vacuum-tight
body. It was solved by using a sterling silver
diaphragm on one end of the anode and trans-
mitting the motion to the capacity ring through
this diaphragm.

In every picce of aircraft equipment weight and
gize are dominating factors. Magnetrons require &
strong external magnetic field, usually produced
by a separate permanent magnet weighing any-
where from 10 to 40 pounds. To overcome this
weight difficulty, the newer ‘“package type”
tubes were designed. In these tubes the air gap is
reduced to a minimum by inserting the magnet
pole pieces directly into the tube and by making
the external magnet actually a part of the tube.
External-magnet tubes which previously had an
over-all weight of 17 pounds were reduced in
weight to 314 pounds in the comparable package
types — without sacrificing any efficicncy or
mechanical characteristics.

Characteristic of any new development, the
cry soon was for more and more power. The early
tubes were capable of delivering peak powers of
80 to 100 kilowatts. This was soon increased to
200-, 300-, 500-kw. peaks. However, even these
powers did not satisfy the scrvices. They de-
manded peak powers of at least onc million watts.
It can readily be understood what a difficult
problem was presented inasmuch as cathodes for
such tubes had to be able to deliver 100 amperes
and the tubes had to be capable of operating at
30,000 volts. Oxide-coated cathodes able to meet
these requirements were unknown. Intensive
work and considerable ingenuity were required to
develop tubes to meet these specifications.

These figures may sound fantastic to those
whose experience with power tubes has becen
confined to ordinary operation where the output
is continuous, particularly when the tube that
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does the job, magnet and all, is no bigger than a
500-watt tube built for low frequencies. The ex-
planation is the fact that with pulsing the tube is
in the nonoperating condition a far greater part of
the time than it is working; the “duty cycle” is
such that the tube is ““off”” more than & thousand
times longer than it is ““on.” But the capacity to
produce the power must be there, nevertheless;
the only “saving’’ is in the fact that the arerage
power the anode must dissipate is not large.

Some Magnetron Types

It may be of intcrest to look at some of the
characteristics of specific types which illustrate
the various functions magnetrons were made to
perform. One of the more common tubes is the
typc 2J61A, an cight-cavity tunable magnetron
capable of delivering peak power of 100 kilowatts
over a range of 3000 to 3100 megacycles when
operated at 14 kilovolts. The magnetic ficld neces-
sary for such operation is about 1700 gauss.

An example of a lightweight low-powered tube
is the type 2J39. The 2J39 is an integral-magnet,
10-centimeter oscillator weighing less than two
pounds, and is capable of *delivering nine kilo-
watts when pulsed at five kilovolts.

A tube which is fairly representative of the
high-powered class of magnetrons is the type
4J31. This tube delivers one million watts when
operated at thirty kilovolts and seventy amperes.
Provided a sufficiently high antenna is used,
enormous ranges can be scanned with a radar

The real "works” of a 10-cm. magnetron, showing the
eight cavities surrounding the cathode and the “strap-
ping” of alternate cavities. The cathode is supported
only by the heater leads coming in on either side of the
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OUR COVER

In case you haven’t gucssed as much
already = after reading this article —
the gadget on the cover this month is a
tunable magnetron, cut away to show
the construction. A tuning range of ap-
proximately 100 mcgacycles at 3000 Mec.
is obtained by means of the ‘vernier®
gear drive.

built with such a high-powered tubc.

The typc 2J55 represents the ultimate today in
the design of a three-centimeter magnetron. This
tube, which operates at 9375 megacyecles, is a
package-type magnetron having an integral mag-
net. Its over-all weight, including magnet, is a
bit over three pounds. At 12 kilovolts and 12
amperes, the 2J55 delivers 50 kilowatts of peak
power.

The superhigh frequency radar required several
types of special microwave tubes other than
magnetrons. Of considerable interest are the
velocity-modulated types, such as the 707 and
the 2K28 at 10 centimeters, and the 2K25 at
three centimeters. These tubes are used as local
oscillators in superheterodyne receivers. Their
operation is essentially the same as that of a
common toy whistle. In a whistle a stream of air
is blown past a rcsonating chamber, and if the air
velocity is correct a sound whose pitch is deter-
mined by the volume of the resonator will be
produced. In velocity-modulated oscillators, a
stream of electrons is shot out of a gun through

The local oscillator tube used in 3000-Mc. radar re-
ceivers, the 2K28 reflex klystron. The resonant cavity
makes connection to the copper discs midway along the
glass part of the tube. The other half of the disassembled

cavity also is shown in this view.
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A 300-kilowatt magnetron, the 2J26. The output con-
nection projects from the seal in the foreground. The
f)yrex bowl on top protects the cathode and heater
eads and provides a mounting for the terminal jacks.

a small cavity resonator. By properly designing
the cavity and by controlling the speed of the
clectron stream, oscillations are produced having
a frequency determined by the constants of the
resonator cavity. The 2K28, a common type of
such tube, puts out an average power of 150
milliwatts at. 10 centimeters with the resonator
held at 300 volts. Such a tube readily can be
frequency modulated, and it may be of consider-
able interest to the “ham” who wants to experi-
ment with short-range directional communication
at low power.

Wartime uses of microwaves have been almost
wholly concerned with detection and direction
applications.

However, the magnetron and other microwave
tubes offer many other possibilities which up to
now have not been explored. With peace, newer
applications and uses will be discovered in ever-
increasing volume.
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21




A Four-Band 125-Watt Transmitter |

Multi-Band Operation With the New 4D32 Tetrode

BY BYRON GOODMAN,* WIJPE

Tae SIMPLE announcement that a new
transmitting beam tetrode is available is not
likely to arouse much interest, since tubes answer-
ing that general description are already quite
common. If, however, the statement is qualified
by saying that the tube carries full ratings to 60
Me., has 50 watts plate dissipation and takes
about one watt of drive, one is likely to perk up
and ask for further information. This encourage-
ment would bring forth the fact that the tube is
the Raytheon RK-4D32 and that it is rated at
200 watts maximum input at 750 volts, an un-
usually low plate voltage for this power input.
Typical operation allows 125 watts input at 600
plate volts. It might be mentioned that the tube
was developed for aircraft work, where the need
for higher power at low voltage is prevalent.

With the merits mentioned above, the tube
looks like a good one for a medium-powered
transmitter on the bands below 30 Mc. and pos-
sibly up to 50 Mec. The three-tube transmitter to
be described uses the 4D32 in the output stage
and goes readily to 30 Me. Special 12.5-Mec. crys-
tals — which we understand will soon be on the
market — were not available at the time of writ~
ing for checking the performance on 50 Mec. The
rig delivers 100 watts at 30 and 14 Mec. with only
600 volts on the plate and should certainly do no
worse on the lower frequencies. Several other fea-
tures are worthy of mention. For example, provi-
gion is included for keying either the oscillator or
doubler stage — both 7C5 loktal beam tetrodes
— a detail that provides break-in oscillator key-
ing on 3.5 and 7 Mc., where it is most valuable,

* Asgistant Technical Editor.
1 Goodman, “Keying the Crystal Oscillator”, QST,
May, 1941,

and doubler keying on the higher frequencies
where crystal-oscillator keying is more likely to
produce a chirp. Crystal and meter switching al-
low easy QSY and tuning, and with only three
tubes the number of coils for all-band operation
is held to a minimum. For operation on 7, 14 and
28 Mec., 7-Mec. crystals are used, and 3.5-Mc.
crystals are used for 3.5-, 7- and 14-Mec. work.

The Circuit

There are no circuit tricks, and the wiring dia-
gram shown in Fig. 1 will be found to be quite
conventional. The proper crystal is selected by Sy
in the grid circuit of the 7C5 Tri-tet oscillator,
and oscillator keying is obtained by plugging in
the key at Ji1. The 7C5 doubler is capacity
coupled through Cjg to the oscillator and is keyed
by plugging in at Js. It will be noted that both
of these keying jacks are in the negative lead
rather than in the cathode, since it was found
that the doubler keying was slightly better this
way, and negative-lead keying of crystal oscil-
lators is recommended over cathode keying.!

One problem in connection with a high-current
low-voltage tube like the 4D32 is the size of the
tank condenser in the plate circuit. If one is a con-
scientious designer and pays faithful attention to
the optimum tank capacity as given in the Hand-
book, he finds that for optimum Q he would need
820 pufds. tank capacity at 3.5 Mc.! Even a con-
denser manufacturer might shy at this, so some
other method was needed to allow a more normal
size of tank capacitor and still avoid the har-
monics likely to occur with a single-ended ampli-
fier and a low-Q tank circuit. The solution is a
simple one that is readily applicable to a single-
ended screen-grid amplifier, and it consists of

¢

A 125-watt transmitter for
3.5 to 30 Mc. The left-hand
bar knob switches crystals
and the right-hand bar knob
switches the meter to any
grid or plate circuit. The
small crystal holders, mounted
two to an octal socket, are a
new type,

¢
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Fig. 1 — Wiring diagram of the 150-watt four-band transmitter.

Ci — 140-upfd., receiving-type variable (Hammarlund
MC-140-S).

Ca, C3, C4 — 0.002-fd. mica.

Cs, C10 — 100-zufd. receiving-type variable (ITammar-
lund MC-100-S).

Ce, C11 — 100-ufd. mica.

C7, Co — 0.001-ufd. mica.

Cg — 500-uufd. mica.

Ci2, C14 — 0.001-xfd. 1200-volt mica.

Ci13 — 8-ufd. 450-volt electrolytic. .

Cis — 100-uufd. 1500-volt variable (National TMK-
100).

I, Ja— Closed circuit telephone jacks, midget type.
— 0-200 milliammeter.

R1 — 0.1 megohm, 1-watt composition.

Rz — 750 ohms, 1-watt composition.

Rs, Rs, Rs, Rio — 75 ohms, }4-watt composition.

R4 — 50,000 ohms, 1-watt composition.

Re — 10,000 ohms, 1-watt composition.

R7— 500 ohms, 1-watt composition.

Ro — 2500 ohms, 1-watt composition. See text.

Ri1 — 25,000 ohms, 10-watt wirewound.

tapping down the plate on the tank coil. The
tube then looks into a circuit of higher Q, as has
been described,? and the harmonics are reduced.
For example tapping the plate halfway down on
the coil has the effect of increasing the tank capac-
ity by roughly four times. Thus a 100-gufd.
capacitor can be used at 3.5 Me. and, by tapping
down halfway, it will look like about 350 pufd.
when the coil resonates with 90 upfd. in the cir-
cuit. At 7 Me., 160 wpufd. is required, so a coil
resonating with 90 wpufd. should be tapped
down about 25 per cent of the way.

To permit simultaneous plate and sereen mod-
ulation of the output stage without a special
modulation transformer, the screen dropping
resigtor, Rz, is shunted by an 8-ufd. electrolytic
capacitor which by-passes the audio.

It will be noted that the meter is only a 0-
200 milliammeter, and it would really shoot off
scale when measuring the 4D32 plate current if
R,3, the resistor across which this plate-current

metering is done, were not of a carefully-adjusted

2 Lampkin, “Improvement in Constant-Frequency Os-
cillators.” Proc. I.R.E., March, 1939.

Seiler, “A Low-C Electron Coupled Oscillator,” QST,
November, 1941.
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Rig — 12,500 ohms, 20-watt wirewound (two 10-watt
25,000-ohm resistors in parallel).

Ri3— Low resistance wound on }§-watt resistor. See text.

Ri4 — 25,000 ohms, 1-watt composition.

RFC,, RFCz RFCa, RFC4, RFCs —2.5-mh. choke
(Hammarlund CHX).

RFCgs — 2.5-mh. choke, 300 ma. (Natlonal R-300).

S1 — Single circuit 4-pnsmon ceramic rotary switch.

Sz — Two-circuit 5-position ceramic rotary switch.

— For 7-Mec. crystal: 12 turns No. 20 enam. spaced

to occupy 1 inch.

L2 — 7 Mec.: 18 turns No. 20 enam. spaced to occupy

114 inch
14 Mec.: 10 turns No. 20 enam., spaced to occupy 84

inch.
Lz — 7, 14 Mc.: same as La.
28 Me.: 4 turns No. 20 enam., spaced to occupy >§

inch.
L4 — 14 Mec.: 8 turns No. 14 wire 2-inch diam., 2 inches
long. Plate tapped down two turns from plate end.
28 Mc.: 3 turns No. 12 wire, 2-inch diam., 1
inch long. Plate not tapped down.

low value that exactly doubles the reading of the
meter and makes it a 0400 instrument.

No provision for antenna tuning is included be-
cause everyone has his pet method, and the out-
put is simply taken off by link coupling to an
antenna tuning unit.

Construction

As shown in the photographs, the transmitter is
built on a chassis with no panel. However, the
controls are laid out so that modification to rack-
and-panel mounting would result in a reasonable
control arrangement, although coil changing
would be a bit awkward with the exciter-stage
coils close to the panel. The coils were mounted
in this position for two reasons — with no panel
they are readily accessible from the front and it
results in better wiring of the tank circuits. A
usual way to arrange the exciter stages would be
to mount the tuning capacitors on the front panel
and the coils on a line along the center of the
chassis, with the tubes at the rear. The leads from
the coils to the tubes would then be, in effect,
tapped down on the tank circuits, by the induc-
tance of the leads from the capacitors to the coil
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sockets. This s, of course, a very fine point at low
frequencies but it becomes increasingly important
at 28 Mec. and above. The tuning capacitors are
mounted on Millen 32102 steatite bushings.

The transmitter is built in & 7 by 17 by 3-inch
chassis. Two octal sockets are used for mounting
four crystal holders of the new type — soon to be
on the market with standard amateur-band
crystals — but the man with a collection of old-
style holders could substitute any of the matching
crystal sockets. A 214-inch diameter shield can
was cut to form a shicld for the 4D32, and it
comes up 114 inches or just above the bottom of
the anode. The shield is fastened to the chassis
with small self-tapping screws, to avoid inter-
ference with the tube socket which is spaced 4
inch below the chassis by spacers swiped from an
old variable condenser. Reference to the photo-
graph of the bottom view of the transmitter will
show a sheet copper ground plate which is cut out
to clear the two 7C5 sockets and is bent upward to

ground to the No. 5 pin of the 4D32 socket. Here .

again is a fine point that may not be necessary in
low-frequency gear, but after seeing what hap-
pens to ‘“lock-washer” grounds on chassis of this
type that stood idle for “the duration”, we de-
cided to eliminate the possibility of any aging of
friction grounds. Further, the high conductivity
of the copper results in low reactance returns
between stages, a ‘“must” in capacity-coupled
high-frequency amplifiers. For the benefit of any-
one who might be reluctant to engage in the
mechanical work involved, we might mention
that the thin copper used was worked with tin
shears about as casily as a piece of cardboard
might be. The two holes for the sockets were cut
with the usual socket punches, clearance holes
for the socket mounting screws were drilled, and
the rest of the work was done with the shears.
Wherever a ground lug was needed, a small tab
was cut and bent up. Cleaning the copper with
steel wool before starting the operations made
soldering to the tabs a simple matter.

The final tank capacitor was mounted on three
of the Millen bushings. The top plate on the
capacitor was removed and replaced by a strap
of aluminum which had been bent in the form of a
“J”, One of the outside coil jacks passes through
a hole in the bent-over end of the strap, and a

amall 14 by 34-inch cone insulator was used to
support the “hot” end of the coil jack bar. The
coils, which were standard B & W BEL types,
were modified by adding a fifth plug to the empty
center hole and shifting the link connection nor-
mally near the plate end of the coil to the plug
that was added. The plug from which the link is
removed is used for the plate tap.

The shunt resistor iz is made by winding the
necessary length of resistance wire on a l4-watt
75-ohm resistor. The resistance is adjusted to be
equal to that of the meter, a simple matter if one
has a low-range ohmmeter and not a difficult job
if one hasn't. Simply pass some current through
the meter and cut the shunting resistor value ---
by shortening the resistance wire — until placing
the shunt across the meter halves the reading.

Adjustment

There is not much to say about adjustient be-
cause the subject has been covered so thoroughly

_in past issues of QST and the Handbook. The final

tank coil, Ly, is reworked as described above, and
no effort should be made to squeeze the maxi-
mum inductance into this coil, particularly at the
lower frequencies. Rather it should be adjusted
to allow the use of sufficient capacity at Ci5. This
amounts to about 25 per cent mesh at 28 Me., 50 .
per cent at 14 Mec. and 90 per cent at the two
lower frequencies.

When working the output on the same fre-
quency as the crystal, the 7C5 doubler and L;
should be removed from their sockets and a
jumper run between grid and plate contacts on
the tube socket. The doubler tank condenser,
C1o, should be set at minimum ecapacity. It is
not recommended to run the doubler stage
straight through because of the possibility of
oscillation. The output of the crystal oscillator is
more than enough to drive the 4D32.

The plate current of the crystal oscillator will
run around 20 ma. and the doubler about 40 ma.
Grid current to the doubler should be about 2 ma.
and to the final at least 6 ma. under load.

A suitable key-click filter consists of an 8- or
10-henry choke and a 1-ufd. condenser. A 50-
watt modulator will handle the audio require-
ments if the 4D32 is run at 175 ma. and 550 volts,
as recommended by the manufacturer.

¢

A bottom view of the trans.
mitter, showing the copper
ground strap and the arrange-
ment of the various parts.
The two jacks at the rear of
the chassis are for keying
circuits,

¢
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300 Watts on 50 and 144

A Driver-Amplifier for the new V.H.F. Bands

BY E.

This is a companion unit to the 50-Mec.
a.m.-f.m. transmitter described by
WIHDQ in November QST. It will work
on the temporary 56—-60-Mc. assignment
as well as on the new six-meter band
when the change-over comes.

THE NEW two-meter band is just as wide,
in kilocycles, as the 56- and 112-Mec. bands, but
the higher frequency brings greater instability in
both transmitters and receivers. This increases
the likelihood of serious interference in populous
areas — and the danger of out-of-band operation
is greater than ever. Thus, unfortunately, as the
difficulty of obtaining stable operation increases,
the need for it increases proportionately. Our
experience on 112 Me. has made us all only too
familiar with the case with which off-frequency
operation can occur — if the antenna is coupled
closely enough to an oscillator rig to give any-
thing approaching maximum power transfer, a
slight change in coupling can shift the trans-
mitter frequency over the whole width of the
band, and more. Our postwar operation in the
112-Mec. band has clearly demonstrated the need

for something better than the modulated oscil-

Iator. If 144-148 is going to be anything more
than a dumping ground for haywire and obsolete
gear we should all do well to think twice before
using a modulated oscillator for anything other
than low-powered, portable, or emergency
equipment.

Not so long ago the adaptation of the crystal-
control idea to 144-Mec. design would have becn
considered well-nigh impossible, and we may as
well accept the fact that incorporation of 144 Me.
in our “all-band” rigs is, even now, just about

*V.H.F. Editor.

1 Tilton, “An A.M.-F.M. Transmitter for 50 Megacycles,”
QST, November, 1945.

P. TILTON,* WIHDQ

out of the question. Even with the best low-C
triodes, tank circuits shrink to the vanishing
point before 144 Mec. is reached in any design
which is at all suitable for use on the lower fre-
quencies. In a way, then, the abandonment of
harmonie relationship in our postwar frequency
assignments above 28 Mec. is a blessing in dis-
guise — it has freed us, once and for all, of the
practice of making our v.h.f. gear merely an
adjunct to our equipment for low-frequency
operation.

It was with this idea in mind that the a.m./f.m.
rig for 48-54 Me., described in November QST,!
was designed. The unit presented herewith is a
companion piece. It is v.h.f. gear; there is prob-
ably nothing about it which is of value for other
than its intended purpose, which is the gencration
of a powerful signal in the two- and six-meter
bands — and in the five-meter band, so long as
that old friend remains with us. It consists of a
push-pull final stage which is driven directly
from the exciter when the operating frequency
is in the five- or six-meter bands, and a power
tripler which drives the final for operating on
two meters.

Getting Down to 144 Mc.

The 815 rig referred to above was designed
before it was known that the 56-Mec. band was
going to be made available to us on a temporary
basis, but output on the 56-60 range can be
obtained by making the 50-uufd. section of Cig
an adjustable padder. With this condenser set at
minimum capacity the range of the v.f.o. will
extend well above 14 Mec., for multiplying to
56 Mec. The crystal oscillator works very nicely
with 14-Me. crystals, and the sizes of the various
coils and condensers are such that no change is
necessary in any of these components to obtain
output over the whole frequency range from 48
to 60 Mec., except perhaps a slight adjustment of
the turn spacing in the 815 grid coil.

4

Front view of the 300-watt driver-
amplifier. The two large dials are the
plate tuning controls. The small dial
at the left adjusts the position of the
output coupling link, the center dial
is the grid tuning control for the
final, and the third small dial is the
tripler grid tuning control. Across
the lower center are the filament
switches and grid current meter jack.

L/
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Rear view of the v.h.f. amplifier
unit with 144-Mec. coils in place. All
components are grouped for mini-
mum lead length., Lucite rods are
used for extension shafts on all tuning
controls. Note the plug-in link be-
tween the tripler plate coil and the
final grid circuit. Flexible links, for
the final grid and output coupling
circuits, are made of a new low-loss
300-ohm line (Amphenol 21-056).

¢

The tripler stage can be any of several push-
pull or single-ended combinations, a number of
which were tried before the 35TG shown was
selected. The simplest, and perhaps the best,
solution if cost is no object is the use of an 829
as a push-pull tripler. It was found that about
50 watts could be obtained on 144 Me. by this
means, but the high cost of the 829 caused us to
look for some other means of generating the
nccessary 144-Me. drive. The 35TG was finally
chosen because it permitted the use of one voltage
source for both driver and final, and the fact that
the same tube type is used in all three sockets
simplifies the problem of maintaining a complete
set of “spares.”

As anyone who has worked with v.h.f. fre-
quency multipliers knows, the secret of obtaining
satisfactory output lies in providing adequate
grid drive. More excitation is, in fact, required
for the single-ended tripler than for the push-pull
final. The 815 rig serves very nicely for both
purposes — it will drive the tripler if operated
close to maximum ratings, and it coasts along
easily as a 50-Mec. buffer stage.

The Layout

That the arrangement of parts happened to
work out to provide symmetrical front-panel
controls is almost entirely coincidental. The
thought in mind was to mount every component
80 a8 to eliminate stray capacity and inductance
rather than to achieve pleasing appearance. As it
developed, however, the arrangement worked out
to give a neat appearance which matches up
nicely with the exciter.

Looking at the front-panel view, the two large
dials are the plate tuning controls for both stages.
The small dial at the left controls the swinging
link, the center dial is the grid tuning control for
the final stage, and the one at the far right is the
tripler grid tuning control. All parts are mounted
well back from the panel, and lucite rods are
used for extension shafts.

The rear view shows the general placement of
parts. At the left, attached to the back of the
7 X 17 X 3-inch chassis, is the jack bar, con-
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taining terminals A-4 and C-C, into which the
link from the exciter is plugged to furnish drive
for cither the tripler or final. The tripler grid
coil, L;, is just above the link socket, with the
plate condenser, Cs, and coil, Le, for this stage
between the tube and the front panel. The link
between Lz and Ly is a plug-in affair, and its
socket (which is a mechanical mounting only) is
between the tripler plate and final grid con-
densers. Between the grid tuning condenser and
the final tubes are the ganged neutralizing con-
densers. These are triple-spaced midget con-
densers, mounted back to back, with coupled
shafts. The final tank condenser is mounted as
closely as possible to the two tubes, at the right.
The jack bar for the final plate coil and the
homemade swinging link assembly are at the far
right. All components are mounted as close
together as possible without being so crowded
that tubes cannot be removed from the sockets.
So compact is the arrangement that several
of the leads had to be soldered in place before the
components were mounted on the chassis!

Some description of the way in which some of
these parts are used is probably in order. We will
begin with the method for changing bands. When
the rig is to be used on 50 or 56 Mec., the switch
S is left open, so that the filament of the tripler
will not light when Sz is closed. The link from the
exciter is plugged into terminals C-C in the jack
bar, which is a Millen Type 40205 coil socket.
The output of the exciter is thus connected to
the link terminals on the final grid-coil socket,
L3, which is a National Type XB-16. The plug-in
link is left out of its socket, B-B, which is a
Millen Type 33002 Crystal socket mounted on a
small cone stand-off.

For operation on 144 Me., switch S; is closed,
lighting the filament of the tripler tube. The
exciter link is inserted at terminal A-A on the
link jack bar, coupling the exciter to the tripler
grid coil, L;. The plug-in link which transfers the
energy from La to L3 is inserted in its socket,
and 144-Mec. coils are inserted in the sockets for
Lg and Ly.

In order to eliminate the stray capacity and
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inductance usually encountered in any plug-in
base, the 144-Mec. coils for L3 and L4 are made to
plug directly into their respective sockets. The
grid coil, being of No. 12 wire, fits the socket
contacts; the plate coil is fitted with pins re-
moved from an old tube base or plug-in coil form.
For the same reason, the plug-in link terminals
on the Lz coil socket are not used for 144 Me.
When conventional coil mountings and links
were used, the 144-Me. grid coil was little more
than a loop of wire across the plug terminals, and
the transfer of energy was inadequate to drive
the final properly. Elimination of this useless
capacity and inductance permitted the use of a
fair-sized coil at this point, and the coupling
efficiency was considerably improved.

The final-stage plate tank condenser has very
low capacity. It was made from a Cardwell dual
neutralizing condenser, which originally had an
insulated flexible coupling between the two rotor
sections. This was removed and a section of
14-inch brass rod, tapped for $§; thread, was
inserted in its place. A piece of }4-inch thick
lucite was fitted to the bottom of the condenser
assembly and this serves as a mounting base.
The net result is a split-stator condenser which
is ideally suited to our purposes, It has sufficiently
wide spacing to eliminate the danger of flash-
over, yet it is more compact than any ready-
made unit we've seen — and its maximum ca-
pacity is only about 4 wufd. per section.

There is really no necessity for a plug-in coil
at Ly, inasmuch as it is never changed, but it was
employed to permit the use of a standard com-
mergial unit, for those who don’t care to wind
any more coils than nccessary. Two turns were
removed from one end, making it essentially an
end-linked coil. The same type of coil (National
AR-16, 10-C) assembly is used for the 56-Mec.
coil for Ls. One turn was removed from each end
in this case, a center-linked assembly being
needed at this point.

The use of these coils is evidence that residual
capacity and inductance are far below normal in
this layout —a conventional 10-meter coil is
used, with only slight reduction in its normal
inductance, for 5-meter operation. When this
unit was first fired up the 112-Me¢. band was still
available, and a standard 5-meter coil served
very nicely for 112-Mec. operation at Ls!

Tuning Up

Meters should be provided for reading the
tripler plate, final grid, and final plate currents.
The jack which may be seen on the front panel
is for insertion of a meter for measuring the
tripler grid current, and is normally used only
during initial tuning operations. The three meters
mentioned above are mounted elsewhere in the
writer’s installation, so they do not appear on
the unit. In the schematic diagram they are
shown as My, My and M.

+1500

s, - +1500

1ov AC

Fig. 1 — Schematic diagram of the 50-148-Mec., driver-amplifier using 35TGs.

Ci1, Cs — 15-ppfd. variable (Hammarlund HFA-15-E).

Ca, Cs, C4, Cs, Co — 0.001-ufd. mica.

Cs, C13 — 0.0005-ufd., 5000-volt, mica.

C7 — 15-uufd. per section, split stator (Hammarlund
HF-15-X).

Cio, Ci1 — Neutralizing condensers (Cardwell Trim-
aire, 2-plates, triple spacing).

Cig — 4-uufd. per section, split stator (Cardwell ED—4~
DI). See text.

Ri1 — 50000 ohms, 10-watt.

Rs — 3000 ohms, 10-watt.

R — 250 ohms, 10-watt.

RFCi, RFC¢ — V.h.f. r.f. choke (Ohmite Z-1).

RFCz3—10 turns No. 14 e., self-supporting, close
wound on 3¢-inch diameter.

RFCg™— V.h.f. r.f. choke (Ohmite Z-O).

M; — 0-150 ma.
Mz — 0-50 ma.
M3 — 0-300 ma.

J — Closed circuit jack.
Ty — Fflament transformer, 5 volts, 4 amperes.
Tq — Filament transformer, 5 volts, 8 amperes.
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Sy, Sg — S.p.s.t. toggle switch.

Li — 6 turns No. 18, 1} -inch diameter, 1 3/16 inches
long, 3-turn end link (National AR-16, 10-C,
with two turns removed from one end).

La — 2 turns No. 14 e., 1-inch diameter, spaced }§-inch.
Link, Ls, Ls —2 turns No. 14 e., each end.
Plug-in device is for mechanical mounting only.

L3 — 50-60 Mc, — Same as Li, but with one turn re-
moved from each end of the original unit. 144
Me. — 2 turns, No. 12 tinned, 3{-inch diame-
ter, spaced }4-inch. No plug-in base is used —
coil leads plug directly into socket.

L4 — 50-60 Mc. — 3 turns each side of center, No. 12
tinned, 2-inch diameter. Adjust turns spacing
so that low frequency end of range comes with
tuning condenser at maximum capacity. Base
is-a Millen Type 40205 Midget plug.

144 Mc. — 1 turn each side of center, No. 12
tinned, spaced to fit holes in jack bar (Millen
type 41205 Midget Socket). Pins for this coil
may be removed from an old tube base or
plug-in coil form,
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The final stage should be tuned up on 50 or 56
Me. first. The exciter link should be plugged into
terminals C-C on the jack bar, and the five-meter
coils inserted in L3 and Ls. With power on the
exciter but no plate voltage on the final, rotate
C7 for maximum grid current. Set neutralizing
condensers at maximum capacity, and rotate
Ci2. If the final-stage plate circuit is capable of
being tuned to resonance there will be a pro-
nounced dip in the grid current. The ncutralizing
condensers, Cio and Chy, should then be adjusted
a small amount at a time until the dip in grid
current disappears. Power may then be applied
to the plate circuit. If everything is in order, the
dip in plate current at resonance should bring the
plate current down to less than 50 ma. It may be
loaded up to nearly 300 ma., at a plate voltage of
1500 — an input 425 watts or more — before the
plates of the 35TGs show more than their normal
bright orange color. In other words, this rig
works on 56 Mec. just about the way the average
transmitter could be expected to perform on
14 Me.!

Next, the operation of the tripler should be
checked. With the exciter on 48 Me. and the link
inserted in the terminals A-A4, adjust C; for maxi-
mum grid current. This should be around 20 ma.
when no plate voltage is applicd. For initial tests
750 volts is sufficient — the maximum voltage
should not be used until everything is in order.
Apply the plate voltage and tune Cs for reso-
nance, which should occur near minimum capacity.
As this stage is being driven hard, harmonies will
show up all along the line, hence the output
frequency should be checked with Lecher wires
or a reliable absorption-type wave meter.

When it has been determined that the output
is actually the third harmonie, or 144 Me., insert
the plug-in link at B-B and the coils for 144 Mec.
at Lz and L4. Repeat the process of checking the
final stage as outlined above for 56 Mec. Some
change in the setting of the neutralizing con-
densers may be required for complete ncutraliza-

tion at 144 Me. (the setting for this band is .

much more critical than for 50 or 56 Mec.), but
the adjustment for 144 will usually be found to
be satisfactory for the lower frequency as well.
Tests on 144 Mec. should be conducted at a
lower voltage than is used for 50 or 56. Up to

2000 volts way be used at the lower frequency
after everything is tuned up, but with thé some-
what lower cfficicney at 144 Me., 1300 volts is
the recommended maximum, Tuning operations
should be conducted at not more than 1000 volts.
A dummy load of some sort should be kept
coupled to the final stage when high voltages are
used, otherwise the high circuit losses at this
frequency will cause sufficient tank circuit
heating to melt soldered connections.

Do not be dismayed if the minimum dip in
plate current at resonance is not impressive.
Circuit losses keep this current high (about 100
ma. at 1000 volts) and the resonance dip is not
a true indication of performance. Lamp loads,
too, are unreliable at this frequency. The best
indication of performance is the color of the tube
plates. If the color does not indicate greater heat
than is shown when 150 watts input is run with
no cxcitation, then there is no cause to worry
about harming the tubes.

In the initial tests on the air, which were made
prior to the November 15th change-over, this
rig was run at inputs up to 400 watts on 112-Mec.
’phone. Dummy load tests on 144 Me. indicated
a capability of 300 watts or more without ex-
cessive heating. Reports from a radius of 20
miles or so indicate that, though the signal from
this rig is of terrific strength, it occupies less
space in the band than would be tuken up by a
modulated-oscillator rig of but a small fraction
of the power.

- Possible Refinements

Most workers on 50 or 56 Mec. will want to be
able to use c.w. occasionally. This may be taken
care of by inserting a 45-volt battery between
Ry and ground. This will permit keying of a
preceding stage.

The cathode-bias resistor, R3, can be increased
in value to hold the plate current of the tripler to
a reasonable value, in case it is desired to operate
the final stage at full input at 144 Me.

As greater excitation is available on the lower
frequencies, it is desirable to make ‘the grid
resistor variable so the grid current can be held
at the rccommended value of 20 ma. per tube.
This is done at WIHDQ by the use of a 3000-ohm,
50-watt potentiometer in series with Ra.

¢

Under-chassis view of the 35TG
driver-amplifier. Separate filament
transformers are used for the two
stages., The driver tube socket with
its two filament r.f. chokes is at the
right.

¢
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Simplified F.M.

An Easily-Applied System for A.M. or Narrow-Band F.M. Wori:

BY MAJOR J. C.

0NE of the main advantages of fre-
quency modulation for ham work is the ability to
modulate a transmitter of any input with negli-
gible audio power. In spite of this seemingly great
advantage, frequency modulation has not come
into general amateur use. There has probably
been some reluctance to change to f.m. beyond
the normal inertia resulting from the somewhat
complex modulation circuits and the number of
r.f. multipliers required, along with the nced for

GEIST,* SC,

w3acre

put for fully amplitude-modulating the 832. A
switch is provided so that either the 6J5 speech
amplifier as a Heising modulator can be con-
nected partially to amplitude-modulate the oscil-
lator or the entire unit can be used as a 100-per-
cent amplitude-modulator for the final amplifier.

Frequency Modulation

With the switch S; in the a.m. position, the
modulator in a standard Class-B circuit is con-

7¢5 7C5
0SC. 6.5 Me. DOUBLER
L
GN7

i¥es

Fig. 1— Circuit diagram
of the a.m.-f.m. 112-Me.
transmitter. Values are usual
for this_frequency.
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better receiving equipment to make use of the
inherent advantages of this type of modulation.

The modulation method to be deseribed in this
article eliminates the need for complex circuits
and numerous multiplicrs and yet maintains all
of the advantages of f.m. In fact, this system is
less complex than a.m. or the currently-used f.m.
systems.

Circuit Arrangement

Fig. 1 shows the main features of a 214-meter
transmitter designed to be either plate modulated
or frequency modulated. The transmitter starts
out with a type 7C5 tube with plate and screen
connected together operating as a self-excited
ultraudion oscillator at 56.5 Me. It is followed by
a type 7C5 tube operating as an inductively-
coupled Class-C doubler which drives a type 832
tube operating as a push-pull final Class-C ampli-
fier at 113 Mec. The 832 is loaded to a total plate
and screen input of approximately 20 watts.

The modulation unit consisting of a single-
button carbon microphone, a type 6J5 speech
amplifier, and a type 6N7 operating as a Class-B
amplifier delivering approximately 10 watts out-

%212 Norwood Ave., Avon, N. J.
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nected to the finul amplifier. With the switch in
the f.m. position the oscillator is amplitude-

 modulated at a low percentage. Amplitude modu-

lation of the self-excited oscillator also causes fre-
quency modulation since the frequency of a self-
excited oscillator varies with changing plate
voltage. Since the depth of modulation is kept
low, the amplitude modulation is wiped out by
the succeeding Class-C stages. The frequency
modulation remains, and the frequency deviation
is doubled by the succeeding 7C5. The resulting
output from the transmitter is a virtually con-
stant-amplitude frequency-modulated carrier.

After many of us have spent weeks
and months in attempting to design an
oscillator whose output frequency is
constant with change in plate voltage,
W3CPG comes along with the almost too
obvious idea that f.m. can be accom-
plished by varying the plate voltage of a
not-too-stable oscillator in accordance
with speech through the medium of
amplitude modulation. The system ap-
pears to be linear overasufficientrange to
permit good-quality narrow-band f.m.
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This method of obtaining frequency modulation
will undoubtedly be considered poor engineering
practice. The results obtained however seem to
justify its use.

Linearity

Fig. 2 shows a curve of plate voltage versus
frequency for the 7C5 oscillator. Points above
190 volts on this curve are not too reliable since
the oscillator frequency drift at higher plate
voltages was too rapid to permit making accurate
readings. The curve shows that the characteristic
is essentially linear from 130 volts up to the vicin-
ity of 200 volts and possibly somewhat beyond.
This variation results in a frequency change of
11.5 ke., or a deviation of about =+ 6 ke. It is
accompanied by a little over 20-per-cent ampli-
tude modulation.

The transmitter at W3CPG/2 operates at a
mean oscillator plate voltage of 180. A voltage
change of 4= 50 volts, corresponding to an ampli-
tude modulation of 36 per cent, results in a fre-
quency deviation of 4= 8.5 ke. After the frequency
doubler this deviation becomes == 17 ke. The
oscillator plate voltage actually was selected to
be low enough to minimize frequency drift and
still provide adequate excitation to the doubler.
It seems to have been a happy choice from the
frequency-modulation viewpoint, since approxi-
mately one watt of audio is giving good-quality
f.m. with adequate deviation. It seems probable
that the deviation could be extended by increas-
ing the oscillator tank-circuit LC ratio, the
amount to be obtained in practice being limited
principally by the amount of C necessary to
maintain satisfactory stability.
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Fig. 2 — Plate voltage vs. frequency characteristic of
a 7C5 self-excited oscillator under limited amplitude
modulation.

Results

Tests have been run over a distance of about 7
miles using an a.m./f.m. superheterodyne receiver
(Hallicrafters S-27) at the receiving location.
Under exactly the same conditions, the transmit-
ter modulation was switched instantaneously
from a.m. to f.m. The a.m. transmissions were
received best with the receiver in the a.m. position
with a narrow-channel i.f. adjustment. The re-
ceiver gain control was set at 6 and the signal was
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reported of good quality with sharp and clean
modulation. No carrier drift was observed. On
f.m., the signal was received best with the receiver
in the f.m. position and the i.f. adjusted for
broad-band reception. The quality of the signal
was reported unchanged and the same audio out-
put was obtained with the gain control at the
same setting. No carrier drift was observed. With
the receiver shifted to the a.m. position, practi-
cally no modulation was observable at the center
of the carrier. When the i.f. selectivity was in-
creased, the modulation was still intelligible but
distortion increased and the ‘audio output was
lower. i .

The tests indicated that frequency modulation
is accomplished with inconsequential amplitude
modulation and that the frequency modulation
provides communication equally as good in every
respect as that resulting from amplitude modu-
lation. It was proved practical to make use of
all the advantages of frequency modulation
without the necessity for critical adjustments
of any kind. On the other hand, it was found
that some f.m. occurs during amplitude-modu-
lated operation. This is caused by inadequate
voltage regulation of the common plate supply,
since the output voltage varies slightly with
the varying Class-B modulator load. The obvious
corrective measure would be the use of a separate
supply for the oscillator, or regulation of the os-
cillator voltage by means of VR tubes. A VR105
and a VR75 in series should provide nice stabiliza-
tion for the 180 volts required.

The results obtained with this transmitter with
f.m., along with the simplicity and low audio-
power requirements of the modulation method
used, indicate that the system is ideally suited for
amateur work. The possibilities of adding a 100-
to 200-watt final amplifier to the transmitter
without the need for additional audio equipment
is most inviting.

In designing any specific equipment using this
method of modulation, the depth of the ampli-
tude modulation and the oscillator frequency are
selected so that sufficient grid drive is available
on modulation valleys, and so that the multipliers
will increase the frequency deviation to the re-
quired amount at the desired output frequency.

The amount of frequency deviation realized
probably depends upon the LC ratio in the oscil-
lator tank circuit, among other factors. The trans-
mitter constructed uses an oscillator capacitance
of about 40 pufd. in each section and a coil of No.
10 wire consisting of 13{ turns with a diameter of
134 inches. The oscillator is operated with a plate
voltage of 180 and a plate current of 28 ma. Al-
though no measuring apparatus was available,
tests with a receiver indicated that the deviation
realized was somewhat greater than normal a.m.
sidebands, possibly between 10 and 15 ke. each
side of the center frequency.

It is probably just a matter of time until f.m.
is generally accepted for ham use, so it is felt that
it might be well to keep in mind this simplified
f.m. system when “that new rig’’ is being de-

(Concluded on page 90)
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SECOND REOPENING GRDER

HerE for your study is the text of FCC’s
Order No. 130 which on November 15th replaced
our initial temporary one-band operation:

At a session of the Federal Communications Commission
held at its offices in Washington, D. C., on the 9th day of
November, 1945; _

WHEREAS certain of the frequency bands allocated to
the Amateur Radio Service in the Commission’s Report of
Allocations from 25,000 kilocycles to 30,000,000 kilocycles
dated May 25, 1945, are now available for use by amateurs
a8 authorized by this order; and

WHEREAS it is considered advisable that certain orders
adopted by the Commission during the emergency, affecting
the Amateur Radio Service, be cancelled, and that amateur
station licenses be validated for a temporary period to per-
mit the orderly processing of applications for new, renewed
and modified licenses;

IT IS ORDERED THAT:

1) All amateur radio station licenses which were valid at
any time during the period December 7, 1941 to September
15, 1942, and which have not heretofore been revoked are
hereby VALIDATED for a six-month period commencing
with the effective date of this order and ending May 15,
1946 (3 A.m., Eastern Standard Time).

2) (a) The following frequency bands are available for
use for amateur station operation except in Central, South-
ern and Western Pacific Ocean areas, subject to the limita-
tions and restrictions set forth herein.

(1) 28.0 to 29.7 Mo., using type A1 emission.
(2) 28.1 to 29.5 Mec., using type A3 emission.
(3) 28.95 to 29.7 Me., using special emission for fre-
quency modulation (telephony).
(4) 56.0 to 60.0 Mec., using types Al, A2, A3 and A4
emissions and, on frequencies 58.5 to 60.0 Mc.,
special emission for frequency modulation (teleph-
ony). This band is available for amateur opera-
tion until March 1, 1946 (3 A.M., Eastern Standard
Time). 3
144 to 148 Mec., using A1, A2, A3 and A4 emissions
and special emissions for frequency modulation
(telephony and telegraphy). The portion of this
band between 146.5 to 148 Mec. shall not be used,
however, by any amateur station located within 50
miles of Washington, D. C., or Seattle, Washington.
2300 to 2450 Me., 5250 to 5650 Me., 10,000 to 10,-
500 Mo., and 21,000 to 22,000 Mec., using on these
four bands, A1, A2, A3, A4 and A5 emissions and
special emissions for frequency modulation (teleph-
ony and telegraphy).
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(b) Upon the effective date of this order, no frequencies
other than those assigned in this order shall be used for
amateur operation.

. 3) The following orders of the Commission are hereby
cancelled:

(a) Order No. 72, dated June 5, 1940, together with all
amendments thereto, prohibiting amateur radio operators
and amateur radio stations licensed by the Federal Com-
munications Commission from exchanging communications
with operators or radio stations of any foreign government
or located in any foreign country.

(b) Order No. 73, dated June 7, 1940, together with all
amendments thereto, prohibiting portable and portable-
mobile radio station operation by licensed amateur operators
and stations on frequencies below 56,000 kilocycles.

(c) Order No. 87, dated December 9, 1941, and Order No.
87A, dated January 9, 1942, prohibiting all amateur radio
operation,

(d) Order No. 87B, dated September 15, 1942, suspending
the issuance of renewed or modified amateur station li

This order shzall become effective the 15th day of Novem-
ber, 1945 (3 A.M., Eastern Standard Time).

BY THE COMMISSION:
T. J. Slowie
Secretary

HAWAIIAN RESTRICTIONS REMOVED

BEcAUsE military clearance could not be
completed in time, the FCC order quoted above
did not apply to Hawaii and the island posses-
sions in the Pacific. However, on November 14th,
just before the effective date of the order, FCC
was able to act, and by means of its Order 130-A
it amended the quoted order so that K6 was able
to go on the air with the rest of us. In Par. 2 (a),
the words ‘“except in Central, Southern and
Western Pacific Ocean arecas’ are struck out.
However, in the fifth item of frequencies, con-
cerning the 144-148-Mc. band, Honolulu is added
to the list of cities within 50 miles of which
amateurs may not use the portion between 146.5
and 148 Me. until further order.

NEW CALL AREAS

To pERMIT the assignment of thousands
of additional amateur station calls that do not
exceed a total of five characters, FCC on October
24th approved a new system for postwar amateur
calls. The old system involving nine call areas,
identical with long-since-abandoned inspection
districts and involving the splitting of some
states, now gives way to a new plan embracing
the ten call areas shown on our map — which is
substantially as reported on page 20 of QST for
September, which you may wish to see for further
details. Puerto Rico and the Virgin Islands con-
tinue in the fourth call area, and Hawaii and the
Pacific possessions in the sixth — except for the
islands adjacent to Alaska which go along with
the latter in W7 as previously.

One change of considerable significance has
been made from the original ARRL recommen-
dation reported in July QST: After the present
W series is exhausted in any call area, a similar
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series will be started using the prefix K instead
of W. The matter of “shifting the digit” (to make
such calls as WA9AA) will therefore not confront
us until we have gone through two complete sets
of calls. The use of K for this purpose will not
destroy its identification value for outlying terri-
tories and possessions, since use on the mainland
will involve 3-letter calls and a single-letter pre-
fix (such as K1AAA), while outlying areas will
have 2-letter calls and 2-letter prefixes, for ex-
ample, KG6AA in Guam, KV4AA in the Virgin
Islands.

The new system of course will be operative
when FCC resumes the issuance of new licenses.
We have no information yet as to when existing
calls will be changed to accord with the new plan
but shall report the details in QST as fast as they
become available. In this connection FCC says:

It is fully appreciated that most of the amateurs who
formerly held station licenses and who obtiin new ones
would prefer to be assigned their former call letters and,
while the large number of amateur stations renders it im-
perative to assign calls systematically rather than on a re-
quest basis, nevertheless the Commission will continue its
policy of assigning the same call to the station of the same
amateur whenever appropriate. This principle has applied
not only to renewed and modified licenses, but to new ones
following a period of inactivity. It is proposed to continue
this principle, so that if an amateur obtains a new license
for his former location, it will ordinarily include assignment
of the former call without change. It is also proposed to ex~
tend the principle to minimize any resulting changes so
that most of these can be limited to a change in the numeral
signifying call area. For example, a former call of the typ>
W9AAA would be succeeded by one of the type WQAAA,
It is expected that in a great majority of instances — more
than 75 per cent — a former call can be assigned without
any change.

Canada is also contemplating changes in call
areas which would subdivide VE4 and VES5 to
provide better recognition and to conform with
the districts of the Department of Transport.
The proposed new areas are as follows:

Manitoba..........cciiieen... VE4
Saskatchewan................. VE5
Alberta................ PO VE6
British Columbia.............. VE7
Yukon & NW.T............... VE8

G.I. AMATEUR RADIO

MiLTARY personpel of the British and
United States Armed Forces in the European
theater are now permitted to engage in amateur
radio operation, to maintain and aid in training of
radio operators, according to a memorandum of
the Allied Force Headquarters dated 16 October.
Applications are being entertained by the Office
of the Chief Signal Officer, AFHQ, through signal

ARE YOU LICENSED?

When joining the League or renewing
your membership, it is important that
you show whether you have an amateur
license, either station or opcrator. Please
state your call and/or the class of oper-
ator license held, that we may verify
your classification.
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channels. The frequency band 7120-7210 ke. is
assigned for this purpose, with an input to the
final of 50 watts, A-1 only, amateur procedure,
operating hours 0600 to 1800. The calls arc four-
letter X calls assigned by AFHQ, and X stations
may communicate only with other X stations
within the European theater. Plain-language mes-
sages in English may be handled, including those
for third parties who are members of the British
or U. S. Armed Forces. The memorandum con-
cludes with the statement that ““provided this
experiment is successful within the theater, future
opcrations may be extended to include other coun-
tries when amateur bands are opened therein”
— which it is hoped includes U.S.A.!

We've received many G.I. inquiries as to
whether the steps taken by FCC toward the re-
opening of amateur radio here apply to licensed
American amateurs in the military services over-
seas. They do not. FCC jurisdiction is confined
to continental U.S.A., the territories, and the
possessions excluding the Canal Zone — and nat-
urally also excluding any possessions that are
operating now under military government. The
question of amateur operation in the military
theaters is strictly a military matter.

BERMUDA CONFERENCE

THE long-cxpected Anglo-American con-
versations looking toward the next world tele-
communications conference are now announced
to begin in Bermuda on November 19th. In addi-
tion to delegations from the United States and
the United Kingdom, many of the British do-
minions will be represented. U.S. preparatory
mectings began in Washington in October. At
the moment of writing it is uncertain whether fre-
quency-allocation matters will be on the agenda
or not, and our plans are, therefore, still uncer-
tain.

ROCKY MOUNTAIN NOTES

AvLTERNATE Dircctor Howard R. Mark-
well, WOTFP, is now the Acting Director of the
Rocky Mountain Division, as you will notice in
the listing in the directory. We regret to report
that Director C. Raymond Stedman, WICAA,
has been obliged, by the state of his health, to
make a transfer of his powers to his alternate
until further notice. All hands wish Ray a quick
recovery.

ELECTION NOTICE

To ALL Full Members of the American 7

Radio Relay League residing in the Delta
and Midwest Divisions:

You arc hereby advised that no eligible candi-
dates for alternate director of your respective
divisions were nominated under the recent call.
By-Law 21 provides that if no eligible nominee be
named, the procedure of soliciting and nominat-
ing is to be repeated. Pursuant to that by-law,
you are again solicited to name Full Members of
your respeetive divisions as candidate for alter-

(Concluded on page 90)
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The Inter-American Radio Conference of Rio

No Important Decisions Affecting Us— U. S. Amateur Proposals
Adopted as Study Guide for World Conference

BY ARTHUR L. BUDLONG,*

"Tre Third Inter-American Radio Con-
ference was held at Rio de Janeiro beginning
September 3, 1945, and was concluded with the
formal signing of the documents on September
27th. It was attended by the largest group ever to
attend one of these regional affairs (perhaps the
location at Rio had something to do with it!) —
more than 150 government representatives and
100 company and industry observers from a total
of 22 of the American countries, Newfoundland,
the Bahamas and the British colonies in the
Caribbean area.

Aside from hitting an all-time high in the mat-
iter of gencral attendance, the conference, I am
:sure, hit a world high for amateur representation
©on official delegations. There were amateurs on
ithe delegations of Argentina, Brasil, Bolivia,
‘Chile, Colombia, Cuba, Ecuador, Paraguay and
Peru; of these, threc were presidents of their
‘national amateur societies! But of this, and the
‘wonderful Brasilian hospitality, amateur and
‘otherwise, more later.

About the conference itself: It was the bhu'd
‘of a series of American regional radio conferences,
‘held within the framework of the Madrid Con-
vention (which provides for such affairs) and
subject to the general provisions of the interna-
tional regulations and allocation table. The first
two inter-American conferences were at Habana
in 1938 (sce report in QST for February, 1938)
and at Santiago, Chile, in 1940 (see QST for
April, 1940). The Rio conference was originally
scheduled for 1943, but its calling was postponed
by the war. As with the previous two conferences,
the ARRL was represented both in the prepara-
tory work and at the conference itself; in addition,
in connection with my work in the Communica-
tions Division of the Coast Guard, at Washing-
ton, I had been a member of the Government
group which formulated the United States pro-
posals for Rio.

The principal objective at Rio was a rewme of
the Habana Convention, both to broaden its
scope to embrace the general field of telecom-
munications (primarily in order that rate matters
might be discussed) and to revise the organization
of the Inter-American Radio Office (OIR), which
had not worked out as hoped in its original form
under the Habana Convention. This objective
was realized, and there is now a new Rio Conven-
tion and a new set-up under it for an Inter-

* Senijor assistant secretary, ARRL, on leave of absence as
Lieutenant Commander, USCGR, with duty in Communica-
tions Division, Coast Guard, Washington. In turn, Comdr.
Budlong was given leave of absence from the Coast Guard to
represent ARRL at the Rio conference. He expects to return
to Hq. about the first of the year.

December 1945

' Sept Sth. Visible at the tabl

WI1JEN

American Telecommunications Office (OIT), but
these do not directly involve amateur radio, so
will not be treated here.

In addition, the conference adopted two Res+
olutions (one Wlbh respect to aviation communi-
cations and the other concerning freedom of
information in radio communications), thirteen
Recommendations (on a variety of subjects:
high-frequency broadcasting, aviation, meteorol-
ogy, monitoring stations, receiver coverage, time,
press, rates and tariffs, etc.) and a Memorandum
of suggestions for information and study. This
Memorandum contains several items of interest
to us, and these will be covered briefly.

The Memorandum came about primarily be-
cause the Rio group thought it inadvisable to
revise the Santiago regulations, in view of the
imminence of a world conference which would
revise the basic regulations to which any inter-
American regulations have to conform. Never-
theless, some of the subjects covered in these
existing inter-American regulations were dis-
cussed, without formal agreements, and where it
was found a unanimity of opinion prevailed, the
matter was incorporated for future reference or
study in the Memorandum. As its introduction
states, “This record, which results from the
exchange of views at this conference, therefore
represents only a tentative common understand-
ing on the subjects covered thercin. It does not
constitute formal action and commitment but
rather expresses general harmony of thought
among the representatives present.”

Well, what subjects were taken up that involve
amateur radio? There were two:

First was Santiago Recommendation No.
XVIII, which was a three-part job involving (a)
a recommendation to require prior amateur ex-
perience for radiotelephone operation in the 14-

First meeting of the technical subcommittee at. Rio,
center, are Commodore

‘M. Webster, USCG, U. S. representative on the
committee, and, at his left, A. L. Budlong, ARRL’s
representative, who served as English “rapporteur” for

the committee.
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Me. band throughout the Americas; (b) a recom-
mendation that amateur stations be prohibited
from being used for any type of broadcasting
service, and (c) a recommendation that, prior to
the Rio conference, the amateurs of the Americas
seek to come to some agreement as to the sub-
division of the bands for 'phone. The position of
the United States on this, reflecting the request of
the League, was that it would be desirable to
retain the first two paragraphs, but that the third
might be eliminated, since it obviously no longer
applied. At Rio, the other countries went along
with us. Remember, this doesn’t mean (2) and (b)
have been retained and (c) eliminated, but merely
that the countries agree it is what they think
should be done at the next inter-American
conference.

The second item in the Memorandum of inter-
est to us is an allocation table. The United States
had taken to the Rio conference its current think-
ing with respect to proposed revision of the Cairo
allocation table (QST has carried details during
the past year), hoping that the other countries
might find in our thinking some helpful ideas for
them in drawing up their own proposals for the
next world conference. During the course of the
conference these world proposals were put before
the other countries, it being pointed out that they
did not represent the final U.S. point of view but
only what we had done 8o far; nevertheless, we
hoped they would be of interest. They were. In
fact, what finally happened is that after various
countries had added comments of their own to it,
our U.S. table was included in the Memorandum
as material which “is expected to be useful to the
several governments in (their) continued study

= K.

tember 2nd. In center, in uniform, Lt. Comdr. A.
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¥ The “barbecue” of the First Brasilian National Convention of Radio Amateurs, held by LABRE at Rio on Sep-
L. Budlong, W1JFN, ARRL’s representative at the Rio inter-

. . and also useful in the preparation of their
proposals for the forthcoming world telecom-
munications conference.”

This means that the current amateur allocation
proposals of the United States have now been
brought officially to the attention of all the other
countries of the Americas. It also means that to
the extent other countries hitched on comments
to our amateur proposals, we have some idea of
their current thinking on amateur radio. This
comment is almost nil (an encouraging sign) and
resolves itself into the following: With the excep-
tion of “proposals” for other services from a
number of countries for the 17502050 ke. band,
no adverse comment appears until the 200-Me.
region is reached; here, Canada thinks that our
suggested 220-225 Mc. amateur band should be
reserved for air-navigation devices “for the time
being”’ and that the 420-450 Mc. band should be
exclusively for air-navigation devices (the U.S.
proposal is that the band be assigned jointly to
amateur and air-navigational, to be exclusively
amateur eventually).

So much for the actions of the conference as
they affect us.

Generally speaking, it seems to me the signs
for amateur radio are good. The comparative
absence of comment on our allocation table bears
out the impression I received from conversations
with both amateur and nonamateur members of
the various delegations: they know about the
amateur in those countries, they are generally
favorably disposed toward us. Our own U.S. dele-
gation certainly left them in no doubt as to the
attitude of the United States toward its amateurs;
some very fine statements about us are a part of

‘

American conference. To his'right,lJ. V. Pareto Neto, PY1AX, of the LABRE council and managing director of

Radio Internacional. Others present include PY1AR, Col. Riograndino Kruel, president of LA
Radio Club of Argentina; PY1HI,

Oswaldo Risso Peuser, president of

RE; LUTBK,
the editor of QTC, LABRE’s magazine;

CEI1AYV; and PYs 1AD, 1AU, 1AX, 1BB, 1BG, 1BM, 1BNI], 1BV, 1BX, 1CC, 1CI, 1CL, 1GU, 1HF, 1HW, 1JV,
1LS, 1MR, 10J, 10K, 1QY, 2UO, 4DM, 41K, 6QH, 7LK.
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the official record. This is an appropriate time to
pay tribute to the splendid job our delegation
members did for us whenever amateur matters
came before the meetings. As always in the his-
tory of radio conferences, they are our staunch
champions — an attitude which puts upon us the
obligation of seeing to it that we merit that
support.

The next inter-American conference will be
held in Colombia, as soon as possible after the
next world telecommunications conference.

It has been possible to recount with at least
some feeling of adequacy the actual events of the
conference; but when it comes to attempting an
adequate description of the wonderful time I had
with the other amateurs present, I feel licked in
advance. For this was no conference at which a
lone U.S. amateur representative missed the
presence of others of his kind. Quite the contrary:
there were amateurs all over the place! Not just
peering in the windows, either — thirteen of
them, from nine different countries, were mem-
bers of their official government delegations
(which was more than I was) and three of the
thirteen were presidents of their national amateur
societies (they had me there, too!). And a grand
time we all had, talking ham radio, conferring
together, and sampling the marvelous Brasilian
amateur hospitality.

For we must start with the Brasilians. Perfect
hosts, they left us all with recollections of a visit
we can never forget. My own introduction was
early; when I got off the plane at Rio, none other
than Henry Smith (ex~-CT2BK and CP1AA, now
. assistant managing director of Radio Interna-
cional of Brasil) met me, on behalf of the com-
pany’s managing director, Dr. J. V., Pareto Neto,
PY1AX; both these gentlemen were responsible
for innumerable courtesies which I subsequently
enjoyed at their hands. They explained to me
that the Brasilian amateurs were just concluding
a week’s convention of the Brasilian society, the
Liga de Amadores Brasileiros de Radio Emissao
(LABRE), and on Sunday, September 2d, I
attended the wind-up feature of that convention,
a real Brasilian barbecue, where Col. Riograndino
Kruel, PY1AR, president of the LABRE, pre-
sided as barbecue master.

This LABRE national convention was their
first such event, but any U.S. amateur would
have felt at home instantly, as I trust the pho-
tograph taken at the barbecue shows. Language
differences didn’t .mean a thing; we were all
friends at once, and to a U.S. amateur who hadn’t
been to a real amateur convention for more than
three years it was not only nostalgic but pretty
darned near overwhelming. And the chow! We
stood up to tables set with an amazing array of
silver and glassware, and groaning under tons of
wines, fruits and vegetables; but the real feature
of the meal was meat, brought to us from the
barbecue pits on the long spits on which it had
been cooked. You carved off what you wanted,
and when you’d eaten that, they brought you
more. In that one meal I made up for three years’
meat rationing!
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It was at this affair I first met Mr. Risso
Peuser, LU7BK, president of the Radio Club of
Argentina, Mr. Ramon T. Cartes, ZP5AC, presi-
dent_of the Radio Club of Paragua.y, a.nd Mr.
Hugo Moreno, CP5EA, president of the Radio
Club of Bolivia, all members of their national
delegations to the conference. It was then I
began to realize what amateur representation
we had at the conference, and perhaps this is as
good a time as any to list them:

Argentina: LUTBK  Oswaldo Risso Peuser, president

of the Radio Club of Argentina.

Bolivia: CP5EA  Hugo Moreno, president of the
Radio Club of Bolivia.
CP5EB  Kenneth Schlicher (ex-W3ATN)
Brasil: PYIAY J. V. Pareto Neto
PYIAV A, da Silva Lima
Chile: CE1AV  Capt, Alberto Stegmaier
CE2AK  Capt. Marcelo Malbec

Colombia: HK3CK
Cuba: CO2WW

Gustavo Piquero
Amadeo Saenz de Calahorra

Ecuador: HC1JW  Victoriano Salvador
Paraguay: ZP5AC Ramon T. Cartes, president of
the Radio Club of Paraguay.
ZP6AB Salvador Guanes
Peru: 0A4Z Carlos Tudela, chairman of the

Peruvian Delegation.

I had many conversations with all these gen-
tlemen. Most of us were guests at one time or
another of the LABRE, and in turn threw the
officers and directors of LABRE a testimonial
dinner one night. Later, at a meeting with the
officers of the LABRE at their splendid head-
quarters offices in Rio, remarks of each of us
present were broadcast over the official LABRE
headquarters station, after which we spent a long
and enjoyable evening discussing amateur radio
in the Americas, and planning what we were
going to do about it in the coming years.

What we are going to do about it covered a
wide range of subjects. On some of these we had
differences of opinion, but on one we were all in
agreement: One of these days we're going to have
an all-American amateur convention at Rio.

Silent Reps

KT 18 with deep regret that we re-
cord the passing of these amateurs:
W4QJ, Richard V. Nicely, Oteen, N. C.
W6ADD, T/5 Paul Caldwell, National
City, Calif.

W8QWL, CRM Herbert Bartholomew,
USNR, Dayton, Ohio

W9IPJ, S. B. Mateske, LaCrosse, Wis.'

WQQCO James A. McEldowney, Spring-

field, Mo.
WOYAW, Cpl
Park, Iowa
GI40B, Sgt. Frank McBrinn, Belfast, N.I.
GI2DDI, Sgt. Ian G. Campbell, RAFVR,
Bangor, County Down, N.I.

Richard Frits, Arnolds




Utilizing the VR-Series Tubes

Design Data for Voltage-Regulator Circuitls

BY W. H.

THERE is scarcely any circuit which is not
beneficially affected by having a stabilized source
of direct voltage. This is particularly true where
quite modest amounts of power are involved, such
as in receiver h.f. and b.f. oscillators, frequency
meters and transmitter oscillators. Made to order
for such applications are the OA3/VR75-30,
OC3/VR105-30 and OD3/VR150-30 voltage-
regulator tubcs. While these tubes are intended
to provide stabilized voltages of 75, 105 and 150
volts respectively, they are of such similar char-
acteristics apart from voltage ratings that they
may be used in whatever series combination will
provide the desired voltage. For instance, a
VR75 and a VR150 may be used in scries when
225 volts is required, a VR75, VR105 and VR150
in series for 330 volts and several other combina-
tions are possible.

Basic Regulator Circuit

Fig. 1 shows the basic voltage-regulator cir-
cuit. Zy is the voltage from the power supply,
E, is the stabilized voltage, R, is the line resistor
across which appears the voltage E1j—E,, and Ry
is the impedance of the load. Should a voltage
divider be connceted across E,, the voltage across
it will be maintained constant, but if a load of
varying current is tapped down on the divider,
the voltage applied to this load naturally will
vary. In any event, the value of Rz used in calcu-
lations should equal E, divided by the total
current flowing in the regulated circuit, whether
it be through a resistor as shown or through
some other load device or both.

Fig. 1 — Typical simple voltage-regulator circuit for
VR-type tubes.

Design Factors

The principal design factors in such circuits
are the starting voltage of the VR tube together
with its maximum and minimum current ratings.
The starting voltage should be approximately
30-35 volts in excess of the normal voltage of the

F ®%g/o T. C. A., Moncton Airport, Moncton N. B.,
Canada.
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tube; that is, the starting voltage of the VR150
is about 185 volts. The maximum current ratings
of the tubes under consideration is 40 ma. While
considerable latitude in current may be tolerated,
5 to 10 ma. generally is considered the safe lower
limit, and about 30 ma. the maximum for long
tube life.

Returning to Fig. 1, it is evident that Ry and
R2 must be proportioned so that first, with the
tubes non-operatmg (]ust before startmg) the
voltage across Rz is a minimum of E, + N35
volts, where N is the number of tubes in series,
and second, the rated current of the VR tube

R R
50,000+ -2
40,000+ T10.000
30,000+ +20,000
20,000+ 130,000
10,000+ 140,000

4 150,000
Fig. 2 — Graph showing the proportion of voltage

across R as a function of R1 and Rz (rcfer to Fig. 1).

plus E,/R; must not cause the voltage drop
across R; to exceed E; — E,, and third, the mini-

- mum current through the VR tubes is maintained.

These relationships may be expressed mathe-
matically as follows:

Ry (H

PES SRR
I ube = El —E, Ea (2)
B[ R2

The startmg—volba.ge condition often is readily
satxsﬁed in practicc where the voltage is being
supplied to a vacuum tube directly without volt-
age dividers, by the simple fact that when the
power switch is turned on, the power supply
heats up sooner than the rest of the set. Con-
sequently, at the time when voltage is first
applied to the regulator tube, Rj is extrcmcly
large.

Paralleling Tubes

30 to 40 ma. through the tube, two or more tubes
may be used in parallel. This should be avoided if
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possible, however, because of the danger of all.
tubes not beginning to conduct at the same in-
stant, in which case the higher starting voltage
will be removed from the unstarted tube, by the
action of the started tube.

Graphical Calculations

Figs. 2 and 3 are nomographs to provide a
ready solution of Equations (1) and (2). In Fig.
2, the values of R; and R3 are aligned,

and the proportion =5 Bs where Egis the

E ?
starting voltage, is found. This value Es
then is entered in Fig. 3 and combined E
with the value of E) on the E scale to - 9
find the starting voltage. E, (on the E = g4
scale) is applied to Rg and the current, o1}

I, noted from the chart. Then E; — E, o6
(again on the E scale) is applied to the osl
value of R;. This current should be 10
to 35 ma. greater than the current pre- o4t
viously determined, or 20 to 70 ma. for

two tubes in parallel, and so forth. If ~ °°
either R; or Rg is unknown, it will be
necessary to use Fig. 3 to find the mini- 02
mum proportion %g, and then combine -

1
this value with the known resistance in
Fig. 2, following with a test for currents 0.1

in Fig. 3.
Perhaps it should again be pointed

out, that B, + N385 is the minimum allowable

starting voltuge, although s higher voltage is in
no way objectivnable, providing the tube current
checks normally.

If E) varies very widely, it is advisable to
check both its upper and lower limits to assure
that the various requirements will be met at all
times.

R
5
1 (MA) €
ES 10 100 1000
5 8
T
600 60 800
500 50 70¢
400 40 600
300 30
20 50C
200 2c
400
100 30 10 300
40
50 200
60
100

Fig. 3— Nomograph for dctermining voltage and ‘current rela-
tionships in a voltage-regulating circuit.

ESCTC ANNOUNCES COURSE IN AMATEUR RADIO

ACCORDING to information received from
Lt. Col. George M. Simmons, SC, K7JDH and
Executive Officer of the Eastern Signal Corps
Training Center, a course in amateur radio will be
offered at Fort Monmouth under the supervision
.of Headquarters, ESCS.

The announcement of the course stated “that
a course leading to qualification for a Class B
amateur radio operator’s license will be given by
the Fixed Station and Field Radio Sections of
Officer’s school to all interested students and
military personnel of the ESCS.”

This voluntary course will be conducted during
off-duty hours on two days a week for 414 weeks,
a totul of 22 class hours.

A prerequisite of at least 13-words_—per-minute
of clear text code speed (as is required by the
FCC) has been established. Arrangements to
teach the code are being made by the Field Radio
Section. The FCC examination will be given to
all students at the conclusion of the course in
radio theory.

Classes are limited to a maximum of 30 stu-
dents, each of whom must have attained the re-
quired 13 w.p.m. Questionnaires were circulated
to all persons in the ESCS and the background
and past experience of each man will be consid-
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ered in the organization of classes.
~ The 1945 edition of the ARRL Handbook was
designated as the official reference text for this
course.

The subjects to be discussed and the time
allotted them are as follows:

Subjects Hours
Introduction. .......... D
Electrical Fundamentals. 2
Vacuum Tube Theory. . . . 1
Power Supplies and Rectification................ 2
R.{f. Oscillators, Self-excited and crystal controlled. . 2
R.f. amplifiers. ... ....ooiiiiiiiiiiiiiieninnan., 2
Keying methods. ... ..c.ciiiiiiiiinnnnrencnanes 1
Radiotelephony Theory.........oocvuineununnnn. 2
Antenna SBystems. .. .........iiieiiiiiiiiiinan. 2
International Laws and FCC Regulations......... 3
RevVIeW . . .ttt iiiiietiiieieiiiii i 2
Written Examination and Critique............... 2
1 22

This is the first announcement of such a course
and it is indeed gratifying to see this demonstra-
tion of the interest in amateur radio by the

‘military.

We wish the men at ESCTC all the success
such a venture deserves, and we sincerely hope
that other military and naval installations will
follow some similar plan. —A4,D, M.
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Necessity Is a Mudder

or Ham without Points

BY THOMAS J.

AT the outbreak of the war we,