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We Think We Have Done a Very Good Job With the 30]J.

Mechanical details which we have had in“mind have been perfected
and many useful gadgets and niceties have taken form. For instance,
the r-f output circuit is built as an integral assembly on a machined
cast aluminum frame. Excitation tank circuits are ““pre-tuned’ units
which are plugged in and adjusted through the front door. The cabi-
net with its inter-locked doors is a very neat job. Electrically, the
30] Transmitter has every refinement and desirable feature which
our long experience has suggested. The output is 250 full sized watts,
and the set works as smoothly at 60mec. as it does at 1.5me.
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A. FEW DAYS AGO, Hallicrafters’ dealers
throughout the country received their first models
of the Sky Challenger II.

My associates and I are proud to offer this re-
ceiver to the amateur radio world, not as just
another new receiver, but as a definite contribu-
tion to amateur radio. The New Sky Challenger,
like most new Hallicrafters’ models, incorporates
not only all the usual features of a communica-
tions receiver with a new and higher standard of
performance, but several exclusive developments
that have never before been offered on any receiver
at a comparable price. It includes the new Halli-
crafters Infinite Image Rejector, that eliminates
annoying image interference, especially prevalent

% Tubes

% Infinite Image Rejector

% Recessed Main Tuning Dial
% 1000° Spiral Band Spread

meters)

% Iron Core I.F.’s

e ghY CHALLENGER I

W:th the New #a//ic’mjteu ﬂnﬁinitz .gmaye kejecz‘ot*

on the 10 and 20 meter bands, and that offers a
quality of reception that will add a new thrill to
any QSO. It is needless to point out the advantages
of this device to any experienced amateur. Also
included is the same famous 1000° Spiral Band
Spread System used on the SUPER SKYRIDER
and many other refinements in design that make
the Sky Challenger II an outstanding value at a
new low price.

We, at the Hallicrafters, wish to extend our
personal invitation to all radio amateurs, to visit
their dealer and inspect the New Sky Challenger I1.

MA\%

* 38 MC te 540 KC (7.9 to 545 ¥ ‘‘S’* Meter Terminals

v Doublet or Marconi Antenna
v Crystal Filter Circuit
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¢ IMPREGNATION e

I—ET us quote the old adage that '' A chain is no stronger than its weakest link." Inasmuch as
impregnation is one of the most important links in the life of a transformer, the following
procedure will explain the care which is taken by us to make all links strong. We all know that
paper insulation and cotton contain moisture at all times, the amount depending upon the
humidity of the atmosphere.

Every coil is putin a ventilated oven for a period of 12 hours and pre-heated to drive off the
bulk of the moisture. The coils are then placed in a large vacuum tank at a higher temperature
whete the remainder of the moisture is drawn off with a powerful pump capable of a vacuum of
29.75 inches. After this vacuum is attained, hot varnish is allowed to flow in the vacuum tank,
completely covering the coils, maintaining all the time the 29.75 inches of vacuum. After this
the vacuum is released and pressure of 100 lbs. per square inch is applied to force the varnish
into all the possible crevices.

The varnish is then drawn off and the coils drain and dry in the vacuum tank for five hours,
with a vacuum of 29.75 inches imposed on them once every hour.

The next step is to place these coils in an oven for 12 hours for their final drying and heat
treatment.

From the preceding paragraphs it will be noted that all coils are under a continuous heat
treatment for a period of 36 hours, thereby insuring our users of transformers that they have had
a transformer’s worst enemy (moisture) taken away, and sealed out by a protective coating of
varnish baked into the coil. Following this the coils are laminated and clamped, then heated
again for four hours to get rid of the surface moisture on all metal parts and are placed in their
containers and poured with compound, while hot.
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IT HAS always seemed a pity to us that some
bright fellow didn’t have the idea, 'way back
when, of making a series of disc recordings of the
ham bands at intervals of a year or so with the
particular idea in mind of building a history of
the progress of ham transmitting and receiving
technique. It would surely be good if, in one of
our relatively morbid moments, when we feel that
there is still so much rotten in the game, we could
crank up the machine and listen to a cold, clear
winter night in 1924. The mess of blurpy,
squashy notes spluttering across the dial of our
hopelessly broad-tuning receiver would most
certainly jerk us into the realization that, in
spite of all the things still left undone, we have
taken terrific strides in the basic business of
putting signals on the air and getting them out of

it. This may scem a trite sort of observation,-

particularly since we have so recently been
crabbing about the infernal complexity of modern
ham equipment. But it is an inescapable fact and
one that’s good to think about.

It so happens, of course, that we have no re-
cordings of the: old-time signals, and without
them we find our recollection of carlier days un-
avoidably rose-tinted by fond thoughts of prob-
lems licked and itupossibilities achieved. But a
good makeshift is to tune somewhere up above 14
Me. and park for a few minutes on one of the
available diathermy signals, preferably using a
good old detector and two-step for the job. One
then only has to think of a series of ham bands
populated by hideous noiscs of this kind, inter-
spersed with raspy r.a.c. notes and twittery
near-d.c. burbles slithering across channel after
channel, in order to get the idea fairly accurately.
For even in 1925, impossible though it now seems,
raw a.c. as a plate supply was widely used even
by the crack stations of the day. Rectifier tubes,
let alone filter condensers, were cxpensive luxur-
ies available only to the few. Crystal control was
virtually unknown. As to 'phone, unfortunately
there is no satisfactory way to gain a picture of
the best 'phone signals of even ten years ago.
Some of the poorest transceivers still to be heard
on the ultra-high frequencies may bear some
points of similarity but they are surely much too
good.

No, the historical recordings don’t exist and
even our keenest recollections are distorted. But

no ham who was close to the technical problems
of earlier periods can possibly tune across to-day’s
bands without getting some semblance of a warm
feeling around the cockles of his heart. The ama~
teur has done a miraculous technical job. Excep-
tions will always rise to plague us but, by and
large, the ham gives an example to the world of
just how signals should be sent and received.

I’M GOING to revert now to the first-person-
singular long enough to make an announce-
ment of some interest to our readers. It’s easier
that way because it is a subject pretty close to
me.

If you’ll inspect the mast-head of this issue
you’ll notice that QST has a new editor. I have
named Mr. Ross A. Hull, long our associate edi-
tor, as the editor of QST. I retain for myself a
title based upon the specification of the League
sceretary’s duties in our constitution, that of
general manager of A.R.R.L. publications. Since
that first dim year back in the early 20’s when
QST’s staff first embraced more than one editor,
I have been known as the editor-in-chief. For
many years that was a perfectly proper descrip-
tion of my editorial duties, but for the last several
years it has not heen accurate. We have, 1 think,
the most competent cditorial staff with which
cver a magazine was blessed, and it handles
things in its stride. The stage in our development
has been reached where I am no more the editor-
in-chief of this journal than I am its advertising
manager or its circulation manager or its credit

"manager—all of which I used to be. Mr. Hull

has been in fact its chief editor for years back, as
he has been of the Handbook, so let us put the
credit where it is due.

Ross Hull needs no introduction to QST
readers. He is as ardent and as complete an ama-~
teur as I have ever known., He tears into new
ideas with an unbelievable fervor. In 1928 he
directed with magnificent success our special
technical program which developed new appara-
tus and methods to meet the technical restrictions
which came upon us in 1929 when the Washington
Convention took effect. He is largely responsible
for the successful amateur attack on the ultra-
high frequencies and his personal investigations
in that field have brought him to world eminence.
He was the first to demonstrate the bending of

February, 1938
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such waves in the lower atmosphere as a function
of meteorological conditions, and to establish a
correlation between u.h.f. reception and air-mass
weather phenomena. He has versatility and
brilliance as well as the splendid old amateur
spirit and plenty of editorial experience. Some-
where in this country there’s a firm named Ross
that makes steering gears for large trucks. Some
vears ago they published an advertisement that
illustrated the use of their equipment under
particularly trying conditions and they headed
it with the slogan ‘‘Ross stcers these difficult
jobs with easc.”” Better bywords for Ross Hull
could not be imagined; they describe him per-
fectly.

Let no one think this is my valedictory spcech
to QST. Of all the activities of the A.R.R.L. staff
QST is my first and greatest love. It always will
be. And as I said above, this is not a change in

QST personnel; it is a simple recognition of the
facts that have cxisted for some years. I shall
continuc not only to worry as @ST’s business
manager but, as secretary of the League, to act
as the intermediary between the Board of Direc-
tors and the staff to insure the pursuit of editorial
policies in accordance with the Board’s wishes
and shaped to meet our members’ nceds under
changing conditions. There are doubtless some
readers of this great journal of the American
shack whose hearts, as they read these lines, leap
with the hope that they arc hereafter to find a
new writer of this page. But not so, OM’s. I shall
also continue my monthly effort to concoct words
of cheer, warning or quasi-wisdom for this page,
with the w.k. Bud pinch-hitting here in my ab-
sences; without that, 1 admit, I’d feel quite ex-
communicated. So I'll BCNU.
K. B. W.

Future DX and lonosphere Trends

By George Grammer,* WIDF

ean do about it, it is interesting now and

then to sit down and spcculate about
probable future DX conditions, basing our spec-
ulations on the cxpected behavior of the iono-
sphere in the years immediately before us. The
future is not an entirely uncharted sea, but
neither is our coming voyage wholly over familiar
waters.

As most amatcurs know, it is gencrally ac-
cepted that long distance transmission is possible
because of the existence of an ionized region,
called the ionosphere, in the upper atmosphere.
Radio waves entering this region are refracted,
or bent, to an cxtent depending upon the fre-
quency and the density of ijonization. The
ionosphere actually is divided into several strata,
each “layer’” being morc or less effective in
refracting or reflecting waves of different fre-
quencies. The subject was covered quite thor-
oughly in Dr. Kenrick’s paper in September,
1936, QST,! which every amateur interested in
long-distance transmission ought to read.

The state of the ionosphere has been definitely
correlated with sunspot activity through observa-
tions made over a considerable period of years.
The critical frequencies of the Fa layer ?—-the
layer of chief interest for DX transmission on 14

Q.LTHOUGH there probably isn’t much we

* Assistant Technical Editor, QST

! G. W. Kenrick., “The Kennelly-Heaviside Layer,”
QST, September, 1936.

2 These terms are explained in Dr. Kenrick’s article.

Mec. and higher—show marked increases with
increases in the number of sunspots, and since the
Fg critical frequency is a measure of the highest
frequency on which communication over long
distances is possible, it follows that the greater
the sunspot activity the better conditions will be
for 14-, 28- and even 56-Mc. DX work, Con-
verscly, when sunspots are relatively few the
critical frequencies are lower and transmission
conditions on the higher frequencies are poor. So
much for a rather hasty review.

Now scientists have been looking at the sun for
bundreds of years, and it is known that sunspot
activity rises and falls in regular cycles. Between
any two periods of maximum or minimum activ-
ity therc is an average stretch of about cleven
years; the actual time between maxima has
been known to be as short as seven and as long
as seventeen years. The alternative periods are
not exactly similar, so that identical conditions
would not be expected to prevail at times eleven
years apart. Nevertheless, the maxima and min-
ima come and go with regularity, and radio trans-
mission conditions can be expeeted to vary ac-
cordingly. Hence the assertion that the future is
not entirely uncharted.

Getting down to dates, the last sunspot min-
imum occurred about 1933. 1t is impossible to be
very specifie—or even to limit the time to onc
year—bccause the maxima and minima - are
quite broad; the curve is filled with irregularitics

{Continued on page 120)
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The First Interamerican Radio Conference

Seventeen Nations at Habana Applaud and Support Amateur Radio—'Phone
Bands Standardized—Friendly Message Traffic To Be Encouraged

By K. B. Warner,* WIEH

of the American radio amateur—inter-

american radio conferences. The first of
these has just been concluded at Habana as I
write, and the second is scheduled for Santiago,
Chile, in 1940. Being administrative conferences
with the right to deal with frequencies and write
regulations binding upon the signatory adminis-
trations, they will be of much importance to us—
much more important, for examplé, than the
meetings of the C.C.L.R. In authority they will fit
midway between the world conferences (such as
Madrid and Cairo) and the domestic regulations
of each country, such as are written by our F.C.C.
The Madrid Convention encourages regions to
make regional arrangements that may deviate
slightly from the world plan, provided interference
is not caused to other regions. Qf course there
have been regional agreements in both North and
South America before the Habana meeting, but
never before one whose effect extended through
all of the Americas.

The Habana conference was characterized by a
very fine recognition of the value of amateur
radio, a complete willingness to assign our fre-
quency bands to us exclusively, and a
whole-hearted pledge to support our bands
at the Cairo conference. The nations there
represented agreed to the present widths
of the amateur bands and the portions
thereof available for ’phone operation.
Moreover—and I think this is strikingly
important—with a few exceptions they all
agreed to permit the interchange by ama-
teurs of friendly messages on behalf of
third parties, by a special arrangement
that relaxes the restrictions of the present
world regulations. The contrast of philoso-
phies between the New World and the old
was never better exemplified!

Representatives of seventeen nations
assembled in Habana for this conference
which lasted from November 1st to Decem-
ber 13th: Argentina, Brazil, Canada, Chile, Co-
lombia, Cuba, Dominican Republic, Guatemala,
Haiti, Mexico, Newfoundland, Nicaragua, Pana~
ma, Peru, United States of America, Uruguay and
Venezuela. When the conference was concluded,
four documents were signed by the delegates, all
to become effective:July 1, 1938. Two of these

*Secretary, A.R.R.L.

Q. NEW kind of conference has entered the life

are treaties requiring ratification by the gov-
ernments: one a North American regional treaty
concerning broadcasting on frequencies below

-1600 kc., the other setting up a continuing in-

teramerican arrangement for interchanging tech-
nical data and for holding future conferences.
The other two documents are administrative
agreements between the communications admin~
istrattons of the respective countries, not re-
quiring formal ratification by the governments.
One of these deals with miscellaneous things, the
most important item in which is the recommenda~
tions to the Cairo conference. The fourth deals
with allocations and regulations on behalf of ser-
vices operating on frequencies above 1600 ke. and -
is, therefore, of the highest interest to us. The
Newfoundland representative was obliged to
retire early from the conference, and the Argen-~
tine representative did not receive authority to
sign, so that these two nations are not yet party
to the compacts, but it is understood that they
will announce their adherence. We understand
that all the other nations signed all the documents.
With the Cuban government as gracious host,
the conference was welcomed by the President of

3
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R.C.C. LUNCHEON TO 0QA4Z AND WIEH

Officers and prominent members of the Radio Club de Cuba
assembled for a luncheon given to Mr. Tudela, the Peruvian dele-
gate, and Secretary
stands in white suit behind the club p

Warner. Mr. E. Anca, president of the club,

Cuba at an opening plenary session held in the
House of Representatives. Part of his remarks
deserve quotation here. After discussing some of
the problems before the conference he said:

“Finally, you are confronted by the question of radio
amateurs, and with the responsibility of preparing their de~
fense before the forthcoming world conference at Cairo. It is
imposaible to forget the extent to which radio amateurs can
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contribute towards the brotherhood of peoples. T'o them we
also owe, from its beginning, the greater part of the progress
made in the technique of radio-electric communications, as
well as the discovery of the unlimited field of short waves.
While defending them we no more than pay homage to the
memory of Marconi, that amazing amateur who gave hu-
rnanity his marvelous invention which, destroying the bar-
riers for the exchange of thought, creates an intimate under-
standing amongst the peoples, linking them through arts and
intellects.”

'This conference differed from any other I have
ever attended in that the representatives of “pri-
vate interests,”” of which I was one, were not per-
mitted to participate but were present only as ob-

JUSTO MAHIA Y RIVAS, CO-CM2IM
_Chief of the transmitters’ section of the Radio Club de
Cuba and technical advisor on umateur matters to the

Cuban delegation, photographed with K. B. Warner,
WI1EH, League Secretary, at the Habana Conference.

servers, permitted to sit at the back of rooms and
listen; this was strictly a conference between gov-
ernment people. However, we “camp followers,”
as we called ourselves, were able to do very useful
work by discussing matters with foreign delegates
out of meetings, and in actively working with the
members of the U.S.A. delegation who had our
matters in tow. It will be different at future inter-
. american conferences, for the new arrangement
setting up the Interamerican Radio Office pro-
vides that at future conferences we and the other
representatives of recognized special interests will
have deliberative voices, although, of course, the
actual voting will be the privilege only of
governments.

1t is time to report some of the detailed results
of the conference. Like any radio conferences
to-day, the greater part of the energy of this one
was consumed with broadcasting matters. Al-
though doubtless a very important matter, it did
not concern me and I did not have time to follow
it, so there is nothing of importance I can tell you
about it. A good starting point seems to be the
recommendations to the Cairo couference.

There is now a pleasingly well-developed con-
sciousness of the need for Pan-American unity in
radio matters, particularly as before the rest of
the world. This conference adopted a series of
recommendations to the Cairo meeting, dealing
with matters both technical and otherwise and

concerning numerous services. By a unanimous
vote the American nations recommended that the
7-, 14-, 28- and 56-Mec. bands remain allocated as
exclusive amateur bands for use ull over the
world; and they recommended that the Cairo
conference continue the 1715-2000 and 3500—-4000
ke. bands in regions other than Europe in their
present status. This present status is a shared as-
sighment between amateurs, fixed and mobile,
but it is the intention of the American regions
then to assign these bands exclusively to ama-
teurs. The plans adopted with respect to a possi-
ble expansion of h.f. broadcasting at Cairo are
such asto offer minimum hazard to our frequencies.

A conference such as the Habana one is impor-
tant to us because it may yield or withhold certain
lower frequencies within limits set by the world
conferences. The Madrid regulations make certain
frequency bands available for amateurs, but in
some cases only on a permissive basis: they might
be shared with other services. In any coutinent
where there is a regional agreement it is necessary
for that agreement to repeat the world-wide allo-
cations hefore the individual nations are author-
ized to devote these bands to amateur use. Conse-
quently it is good news of the first order that the
administrative agreement signed at Habana as-
signs all the bands we now use from 1.75 Me. to 60
Mec. exclusively for amateurs in every country
participating. Moreover, they adopted ‘‘as a
guide” the u.h.f. allocation which we recently re-
ported as just adopted in the United States,
which scheme includes the new amateur bands
112-118 and 224-240 Mc. Every amateur fre-
quency may be used for c.w. telegraphy; this a
sort of basic consideration. However, largely for
our own good, they adopted recommendations
addressed directly to us amateurs: ‘“‘that the Ad-
ministrations should point out the desirability
that amateurs use the bands from 1750 to 2050
and from 3500 to 4000 ke. preferably for short-
distance communication; that the Administra-
tions recommend that the bands from 7000 to
7300 ke. and from 14,000 to 14,400 ke. should not
be used for short-distance communication be-
tween amateur stations.” Only one change was
made in our allocations, and that one to which we
had previously given our assent, as reported
months ago in QST': the 1.75-Mec. band is to be
changed in the Americas to 1750-2050 kc. instead
of 1715-2000. Remember that non-harmonic
“overhang” we have in our spectrum diagrams
from 1715 to 1750? Well, it is going to be taken off
the *‘left-hand edge’’ and put on the “right-hand
edge” some day when the F.C.C. gets around to
amending our domestic regulations.

In recent years there have been regional agree-
ments in both North and South America. The
North American one expired a few years ago. The
South American one was originally negotiated in
Buenos Aires in 1935 and, we believe, then related
only to broadcasting matters. At a conference in
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Rio de Janeiro in June of 1937, this agreement
was revised and expanded to take effect the first
of 1938. It covered not only broadcasting but sev-
eral other services, including amateurs. It recog-
nized and perpetuated all of the frequency bands
we now use but opened all of them to 'phone
operation except the frequencies 7150-7200 and
14,300-14,400 ke.! The Habana conference had to
take into account this Rio agreement. To make a
long story short, the outcome is that the Rio
agreement stands so far as concerns broadcasting
as a South American regional proposition, but in
all of its other manifestations, including amateur
matters, it is abandoned and gives way to the new
interamerican agrecments of Habana.

The Habana conference, in my estimation, es-
tablished anew mark forintelligencein internation-
al conferences by creating a sub subcommittee of
‘“amateur experts” to deal with the amateur prob-
lems and make recommendations to it. The only
thing the matter with the s.s.c. was that I wasn’t
a member of it myself—hi! There was the usual
subdivision of work: the plenary session set up
certain committees, including a technical one; the
technical committee divided into broadcasting
matters and matters other than broadcasting; the
latter subcommittee, when an appropriate stage
in its work was reached, set up the s.s.c. of ama-
teur experts. This was headed hy Sefior Don
Carlos A. Tudela of Peru, who happens to be
OA4Z and the chief technical expert of the
Peruvian administration. Its other members
were Messrs. (lerald C. Gross, W3GG@G, of the
F.C.C.; Eduardo Noguera, HK3EN, of Colom-
bia; Don Fernando Sdnchez A., Mexican in-
spector of radio; and Don Alfonso Hernandez
Catd y Galt, chief of the Cuban radio laboratory.
An excellent group it was, with a good apprecia-
tion of amateur problems. This was the group
which recommended the reaffirmation of our
bands and their defense af Cairo, and it was in
this group that the very difficult question of sub-
dividing, the amateur bands for ’phone was con-
sidered and resolved. Cuban amateurs, through
the Radio Club de (‘uba, were active participants
in the conference, and the amatecur s.s.c. had the
ussistance of additional practical amateurs in the
persons of Messrs, Justo Mahia, CM/CO2JM,
Rafael Bordenave, CM2RW, and Lieut. Enrique
S. Morales, of the Cuban signal corps, all of whom
were members of the Cuban delegation.

This question of ’phone in fact was the main
problem of the amateur committee. There was
this Rio agreement, opening almost everything to
'phone, effective the first of the year. There was a
rather widespread recognition that the Rio plan
was unwise to an extreme. There was the existent
hit-or-miss policy of the Latin countries, resulting
in the distribution of ’phone signals at random
through all the bands. Finally, there was the
definite proposal originated by the Cuban govern-
ment and backed by the Mexican government,

that 100 ke. of the 7000-7300 band be made
available for 'phone in the Latin countries. This
was the opening situation. The final decisions
were as follows:

1.75-Mec. band is available in its entirety for
'phone, at the discretion of individual administra-
tions. In the 3.5 band, only the frequencies be-

1050 1150
7000 7170 ! 12:)0 7300
AT
mvuoue IN 45
CLTINAMERICA A
Z )
| i
| i
. ! ) |
14,000 ' w4200 : 14,400
ALL OF
A BOTH BANDS
A4 OPEN TO A-1
11450 14250 |
14,100 14,300

THE H.F. 'PHONE PROVISIONS OF THE I.R.C.
tween 3800 and 4000 are available for ’phone. In
the 7-Mec. band the frequencies between 7050 and
7150 kc. may be assigned for ‘phone work in the
Tatin-American countries but not in the United
States, Canada or Newfoundland. In the 14-Mec.
band, the frequencies between 14,100 and 14,300
ke, are available for telephony and may be so used
in the Latin-American countries, Canada and
Newfoundland. The United States obligates itself
to confine telephony in this band to the present
frequencies 14,150-14,250 at least until Decem-
ber 31, 1939. No mention of ’phone was made on
frequencies above 28 Mec. The conference recom-
mended to the governments that ’phone in the
14-Me. band be permitted only after an adequate
probationary period in which to acquire experi-
ence, plus a technical and practical test—in other
words, that something like a Class A license be
required.

The United States has no present intention of
expanding 4-Mec. 'phone. This agreement.simply
means that all the nations undertake to have no
'phone operating below 3800 ke. in this band.
Thus Mexican umateurs possibly may be per-
mitted to operate between 3800 and 4000, and, of
course, Canadian amateurs already enjoy 3750—
4000. But after July 1st we are to be spared the
murderous interference from Mexican and Cana-
dian ’phone stations in the lower portion of this
important traffic band: the Mexican 'phones will
move up in the band and the Canadian 3500-3550
assignment will be eliminated.

The most iluminating characteristic of the
Habana conference was the insight it provided
the northern nations into the differences in com-
munication which exist in the tropical and sub-
tropical regions in all radio services. It seems to be
a physical fact that their natural noise level is so

(Continued on page 68)
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A Low-Cost 100-Watt Transmitter

Three-Band Rig Using 6L6's and Push-Pull 809's

By Vernon Chambers, * WILEQ

INE times out of ten the word ‘‘inexpen-
sive,” when used as a transmitter adjec-

tive, implies that the piece of gear is of
the low-power variety. Now, however, several
manufacturers are supplying us with tubes that
permit moving these low-cost rigs up into the
medium-power class. The transmitter to be
described falls into this classification, since it will
deliver at least 100 watts output, although cost-
ing only about twenty-five dollars to build, ex-
clusive of power supply. A pair of new RCA
809’s in the final, three-band operation with one
crystal, inductive coupling between the driver
and final stages and ease of construction are some
of its features—besides low cost.

THE CIRCUIT

The circuit, shown in Fig. 1, uses a 616 Tri-
tet oscillator followed by a 6L6 doubler, with
either of these circuits, depending on the fre-
quency, feeding into the push-pull 809’s. For
3.5-Mec., the oscillator output is fed to the final
erid circuit; on this band

used at L3, no coil is used in the L, socket. In
this case the oscillator plate, through the coil
form wiring indicated in Fig. 1, is connected to
the primary coil of Ls, while the 61.6 doubler plate
is disconnected. With L. open, the doubler
control-grid and screen circuits also are discon-
nected.

For 7-and 14-Me., L, is plugged into its socket,
when the jumpers in the coil form automatically
connect the doubler control grid and screen in
circuit. Either the 7- or 14-Mec. L; coil makes the
proper connection to the doubler plate. The 3.5-
Me. L; coil should not be used when L, is in
place. It will be noted that the primary of L, is
tuned only on 3.5 Mec.; on the other two bands
the primary is untuned.

The circuit is arranged so that the cathodes of
the oscillator and doubler are keyed simulta-
neously. Since the 809’s are high-u tubes, their
plate current is quite low at zero bias without
excitation, and therefore no fixed bias is necessary
to protect the tubes when the key is open.

THE OSCILLATOR

the doubler tube is en-
tirely cut out. For 7-or
14-Me. output all three
stages are used, the
doubler being excited
at either the fundamen-
tal or second harmonic
of the crystal frequency;
the doubler drives the
final grids at the output
frequency.

The method by which
the circuit changes for
operation on different
bands are brought about
will become clear from
inspection and compari-
son of Figs. 1 and 2.
The actual coil form
and socket connections
for the oscillator and
doubler are shown in
Fig. 1, while Fig. 2
shows the essential r.f.
circuits for the two sets
of operating conditions.
When a 3.5-Me. coil is

¢*QST Laboratory Assist-
ant. crystal oscillator an

‘THIS INEXPENSIVE RIG WILL DELIVER BETTER
THAN 100 WATTS ON THREE BANDS .

A pair of 809’s in push-pull is driven by 6L6’s used as

doubler. .

The oscillator circuit
and constants are prac-
tically identical with
those described on page
162 of the 1938 Hand-
book. Actually the only
change is in the plug-in
band-changing arrange-
ment described above.
Since the set is intended
for use with 3.5-Me.
crystals, the cathode
circuit has a fixed coil.
1t could be made plug-in
if crystals ground for
other bands are to be
used. A 100,000-ohm
gridleak is used to give

The plate voltage is
dropped to a suitable
value for the screen
through resistor R;. An
inexpensive 100-pufd.
receiving condenser pro-
vides feed-back control
in the cathode circuit.
By-passing has hecen
made inexpensive by
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the use of paper condensers. Desir-
able features of this type of oscillator
are break-in keying and the fact that
only one crystal is needed for three-
band operation.

THE DOUBLER

As previously explained, the dou-
bler goes into operation only when
7- or 14-Mec. output is desired from
the amplifier. 1ts plate supply is from
the same source as for the oscillator.
The plate coil (primary of L;) is an
untuned affair closely coupled to the
final grid coil (secondary of Lj). The
screen resistor, Ry, i3 connected be-
tween the screen grid and pin No. 2
on the oscillator plate coil socket, the
d.c. connection being made by a

jumper in the coil form when L, is

- THE LAYOUT AND COILS ARE CLEARLY SHOWN IN THIS
plugged in. The grid coupling con TOP VIEY

denser, Cis, is connected to the No. 3
pin on the socket for Lj; a second
jumper in the coil form completes the
connection to the oscillator plate when Ls is in
the socket. C1o, C11 2and Cy; are the plate, screen
and cathode by-pass condensers respectively.
Rs is the grid-leak resistor.

chassis.

THE FINAL AMPLIFIER
The push-pull 809’s are wired in the conven-

An aluminum sheet on the wooden baseboard substitutes for a metal

tional cross-neutralized circuit with split-stator
plate tank condenser. Plug-in coils are used in
both the final and grid circuits, and all by-passing
is done with paper condensers. It is a common
experience with symmetrical push-pull circuits to
encounter parasitic oscillations, and this ampli-
fier as originally laid out was no exception. In this

809
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FIG. 1I—TRANSMITTER CIRCUIT DIAGRAM

L1—10 turns No. 16, diameter 1 inch,
coil length 11/ inches.

L2, L3, Ls~See coil table.

Cx——-lOO-uy.fd). receiving condenser

ar).

Ca—100-pufd. reccwmg condenser
(National SE-100,

Cg—~—50-uufd. receiving "condenser
(National SE-50).

C4~—210 ppfd. per section, 0.0?' air

gg.{:, split-stator (Cardwell
210-PD

¥ ).

Cs, Cs—18-upfd. newdralizing con-
densers (National

Cr to Cus, inc~—0.01-pfd. 600-vole
paper (Aerovox 684).

C15~~100-pufd. mica (Aerovox 1468).

C18~—0.002-ufd., 1500-volt paper
(Sprague SW.22).

" Ri—400 ohms, 10-watt (Ohmite).

R2, Rs—0.1-megohm, 1-watt (IRC).

R3—25,000 ohms, 10+watt (Ohmite).

R4—15,000 ohms, 10-watt (Ohmite).

Re—1500 ohms, 10-watt (Ohmite).

RFC;, RFC2—2.,5-mh. t.f. chokes
National R100).

February, 1938

RFC3— e ‘ransmitting-type choke (Coto

J1 to Jg lnc.—Mldzet closed-circuit
jacks (Utah).
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case the insertion of a small coil in each grid lead,
combined with a slight change in one of the neu-
tralizing condenser leads, cured the oscillation;
the lead was moved from the grid to the far side
of the parasitic choke. Changing both leads, inci-

*B 35 Mc. OUTPUT

DOUB. AMP
asc.
Ly
Cy C3
LZ
+8 =

7 & 14 Mc. OUTPUT

FIG. 2—THE ESSENTIAL R.F. CIRCUITS FOR OP-
ERATION ON DIFFERENT FREQUENCY BANDS

"The circuits are automatically switched when the coils
are changed, as explained in the text.

dentally, only tended to bring the oscillation back
again. The final arrangement of leads and chokes
is shown in the circuit diagram, but it is quite
likely that the reader may find a different ar-

condensers, jacks and meter. For the baseboard,
panel, end pieces and panel brackets, clear Le-inch
white pine is used. All of the necessary picces
may be cut from a 14 by 12 inch board measuring
not more than 60 inches long. These pieccs are as
follows: base 834 by 17 inches; end picces, 844 by
314 inches; panel, 7 by 17 inches. The triangular-
shaped panel brackets measure 314 by 4 by 514
inches. The aluminum, cut from 1/32-inch stock,
is 614 inches wide by 1634 inches long.

The small variable condensers, Cy, C'2 and C,,
the meter and the jacks are mounted on the
masonite panel. The cathode condenser, C}, is at
the left-hand side, 134 inches in from the cdge.
The oscillator plate and amplifier grid tuning
condensers, C; and C', are mounted in order to
the right. The spacing is 274 inches between shaft
centers. The meter, also centered vertically on
the panel, is located 5 inches from the right-hand
edge. The jacks are 34 inch from the bottom edge,
two on either side of the meter.

On top of the baseboard are the tube, coil and
crystal sockets, the final tank and neutralizing
condensers, and the terminal strips for power,
keying and antenna connections. The suckets
{National CIR) for the 809’s and the oscillator
and doubler coils are provided with small standoff
insulators which permit mounting above the base
with the aid of only one machine screw. Sub-base
octal sockets are used for the two 6L6’s. Old-type
five-prong ceramic sockets are used for the crystal
and final coil, the one for the coil on the metal
pillars provided, and the other counter-sunk into
the base. Holes are drilled along the rear edge of
the base to accommodate the three terminal

rangement desirable should parasites

be encountered.

A closed-circuit jack is in the
plus-B lead for metering; similar
jacks are in the plate supply leads of
both 6L6’s. A fourth jack is in
series with the final grid re-

ot Y —

gistor. A 0-300-ma. meter,
with cable and plug, permits

current readings in any of the four

eircuits.

CONSTRUCTION

0000000 T
)
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With cost.and ease of construction
the paramount considerations, the

use of a metal chassis was given no
more than a passing thought. In-
stead, a housing in the form of a
breadboard layout was built up. Ex-
cept for a thin sheet of aluminum
along the top and a masonite panel
along the bottom at the front, the
housing is entirely of wood. The alu-
minum sheet allows better and shorter
ground connections, while the mason-
ite, being only a quarter-inch thick,
permits easy mounting of receiving

FIG. 3--SUGGESTED POWER SUPPLY DIAGRAM

T1—Plate transformer, to deliver 750 volts d.c. at 200 ma. through choke-
input filter (900 volts a.c. each side center-tap).

Tz—Plate transformer, to deliver 400 volts d.c. at 150 ma. through choke-
input filter.

Tg—Rectifier filament transformer; 2.5 volts at 10 amp. for 866’s; 5 volts
at 3 amp. for 83.

Ts—Filament transformer, 6.3 volts at 7 amp. (Sec text).

L1, La—Swinging choke, 5/20 henrys, 200 ma.

L3z, Lai—~Smoothing choke, 12 henrys, 200 ma.

C1, Ca—2-ufd. 1000-volt filter condensers.

Cyg—Dual 8-8-ufd. electrolytic, 450-volt working.

R1—20,000 ohms, 50watt.

R2—20,000 ohms, 25.watt.

Control switches, denoted by “X,” are s.p.s.t.
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strips. The ones in the corners
are the keying and r.f. output
strips while power leads are
brought to the center one.

The actual layout can be
seen plainly in the top-view
photograph. A few details may
prove helpful, since with one or
two points located, the correct
layout will follow naturally.
The tank condenser is centered
above the meter on the panel
below. A hole is drilled to pass
the shaft, 5 inches in from the
right-hand end of the upper
panel and 3 inches up from its
bottom edge. The condenser
mounting holes must then be
drilled in the base so that the
condenser is supported with
the rotor plates swinging toward
the right.

A bakelite shelf fastened to
the tank condenser supports the neutralizing con-
densers. Running along the under side of the tank
condenser is a long spacing rod held in place with
a machine screw at either end. A strip of bakelite,
114 inches by 534 inches, is clamped to the con-
denser by two angle brackets which are held in
place by the spacing rod screws. The ncutralizing
condensers are mounted through holes drilled at
either end of this shelf. All the wiring between
("4, C's and (s should be done before the assembly
is bolted to the panel, since this will avoid a great
deal of poking and twisting later on. Leads going
to the tubes and coil may be left floating tempo-
rarily.

The grid prongs of the 809 sockets should
point toward the socket for L; to give short and
symmetrical connections. The sockets should be
placed so that the rotors of the neutralizing con-

Coil Data
In and Ls
Plate 45 turns No. 20 d.s.c., close-wound 17 diameter
3.5 Me..
Grid 27 &« « w “ “ i e
3.5 Mc.....La Plate 22 ¢ v “ S 1% A
Plate3z » © w « « W
7 Me.....Ls
Grid 12« o = oW g e
7Me.....Ly Plate 12 ¢ ¢ o g
Plate 19 & & « W .
14 Me.. -
Grid 6« o = g o
iy
3.5 Mc.. .28 turns No. 16 enam. wire single-spaced 214’/ dia. 3 long
TMe...l4 e e P S
UMe.. 8 “ « w » o g

The dimensions of the set are such that it can eusily be adapted for rack
mounting.

densers will clear the tubes comfortably. The two
6L6’s and the oscillator plate coil form a straight
line between the front and rear of the base, the
first tube toward the front being the oscillator
tube. The crystal and Lssockets are to the left and
right, respectively, of this line. At the far right is
the socket for Ly, the final tank coil.

All other parts are mounted below the base,
as shown in the bottom-view photograph. The
cathode coil is screwed to one of the wooden end
pieces in a position close to the cathode con-
denser, The wiring should be as direct as possi-
ble, with ground connections going directly to
the aluminum sheet. Soldering lugs slipped under
any nut that holds a bolt in direct contact with
the metal will be convenient ground connections.

COIL CONSTRUCTION

In describing the coils we shall refer to the
various connections by their socket~prong num-
bers. These numbers, which appear on the dia-
grams, are as viewed from the tops of the sockets.
Five coil forms are needed for the two 6L6 cir-
cuits; three of the forms are equipped with six
prongs and the remaining two with four prongs.
All coils are made with No. 20 d.s.c. wire, close-
wound. The oscillator 3.5- and 7-Me. coils (L,)
used in conjunction with the doubler are wound
on the four-prong forms, with the ends of the
winding going to the No. 1 and No. 4 prongs.
When the windings have been completed jumpers
are placed inside the form between Nos. 1 and
2 and 3 and 4.

The coils labelled L; are wound on the six-
prong forms. As shown in Fig. 1, on 3.5 Mec. the
plate winding is connected to the oscillator tube,
while on 7 and 14 Mec. the corresponding winding
is arranged to plug into the doubler plate circuit,

(Continued on page 64)
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A Regenerative Receiver With High
Audio Selectivity

A Tuned RF. Unit Incorporating Some Unusual Features for
Improved Performance

By F. Malcolm Gager* and Arthur F. Graham**

ceiver described here should appeal to the
many amateurs who still get their thrills
in amateur radio through the use of inexpensive
equipment. Descriptive material for effective
tuned r.f. receivers has been given in many
publications too numerous to mention. The par-

THE simple—though effective—t.r.f. re-

parent that the conventional r.f. circuits were
considerably affected by a swinging antenna, so
that the beat note swept in and out of Selecto-
sphere resonance. This difficulty was eliminated
by the installation of a link circuit between the
antenna input and the radio-frequency amplifier.
An alternative circuit also is shown, and when
used the Lg's of each radio-frequency

THE TOP VIEW OF THE RECEIVER SHOWS THE STRAIGHT-

RWARD R.F. LAYOUT

FO.
The chassis occupies about half the panel width; the remainder of the

space is available for the two speakers.

ticular receiver about to be described has, in
addition to the regularly accepted components,!
several advantageous features which were necessi-
tated by the incorporation of a high-selectivity

amplifier coil must be arranged to
resonate with Cs almost out.
Another unconventional addition
is the use of a 6F5 as an audio ampli-
fier with variable regencrative gain.
This added gain is useful for both
speakers, and particularly so with the
Selectosphere. It will be noted that
when the volume control in the grid
circuit of this tube is in the minimum
position the regenerative voltage fed
back from the platc load circuit of the
6F5 is negligible. When the variable
arm is moved toward the grid the
regenerative action is brought into
play, simultaneously with an increase
in gain, The plate load of the 6F5 consists of a
tuned circuit inductively coupled to the 6F5’s grid,
agindicated in the circuit diagram. The transform-
er used in the presentreceiver is a push-pull output

amplitude-h'mitin% acoustical unit,
the Selectosphere,? as an integral part
of the receiver. Ordinarily, with a
high-selectivity acoustic device of
Selectosphere character, it would not
be considered good practice to permit
mechanical coupling to the remainder
of the receiver, yet the design and
construction shown in this paper
have proved very satisfactory.

Fig. 1 is the wiring diagram of the
receiver proper; Fig. 2 the detailed
output switching circuit. With the
Selectosphere in use it became ap-

* Dept. of Physics, Boston College, Chest-
nut Hill, Mass. i

#* Selectosphere Company, Box 3, New-
tonville, Mass.

1 The fundamental circuit diagram is similar to that
given on page 117, The Radio Amateur's Handbook, Fifteenth
Edition.

2 Radio, October, 1938.

sis alongside the feedthroughs. The
on the panel. The revamped transformer which gives regeneration in the
first audio stage is fastened to the right-hand chassis edge.

A BELOW.CHASSIS VIEW
The r.f. input transformer, LsLs, is mounted at the left edge of the chas-

e antenna condenser, Cs, is at the left

transformer from a Jensen D8G with the voice
coil winding removed and about 60 turns re-
placed for a tickler coil. The polarity of this coil
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6F5

C
s,
L
Ris fuw 4
Cu
isuo. Ri¢
= =
LR NOTE: 4L usE = v M
LS Ls SHELLS TO GROUND s
+0, - 0o o) .
Cs T80-250V. 70 3V, CENTER Dial Lights
ALTERNATIVE INPUT LOW IMPEDANCE TAPPED, OR
CIRCUIT WE;JF;;ERED USE Rg

FIG. 1—CIRCUIT DIAGRAM OF THE RECEIVER

L1, La, L3, L4, Ls, Le—See Coil Data Table.

L7, Le—See text.
Cy, Cs—-Double-gang band-spread tuning condenser 100-

ufd. per section (Hammarlund MCD-1008S).

Ca, C4-—- and-set tuning, same as above.
Cs—75-upfd. midget (National UM-75).
Ce—100-ppfd. mica.
C7—0.01-pfd. 400volt tubular paper.
CB—-O 001-ufd. (optional) r.f. Vopass.
Co—4-pfd. 450volt (Aerovox, Type PBS5).
C10—10-10 pfd. electrolytic, 50~olt.
C11—0.001 mica (see text).
R1—300-0hm, l4-watt cathode resistor.
R3—10,000-0hm variable resistor (r.f. gain control).
R3—50,000-0hm, 2-watt bleeder.
R4~—100,000-0hm, V4-watt resistor.
Rs—75-0hm filament center-tap resistor.
Re—0.5 to 5-megohm.

is important, as is also the value of the tuning
condenser, C;. The latter condenser should reso-
nate with the full winding of the transformer at
the Selectosphere’s resonant frequency, approxi-
mately 1000 cycles. The correct adjustment is
for the circuit to go into self-oscillation when the
grid control of the 6F5 just reaches the full-on
position. This regenerative feature is particu-
larly effective when using the Selectosphere to
boost weak signals, and no instability is en-
countered even when the 6F5’s grid control is
adjusted to a point just below that for self-
oscillation.

The audio power amplifier is a 6F6 Its load
circuit, indicated in detail in Fig. 2, incorporates
a selector switch allowing a combmatxon of out-

puts on four of the five positions available. Posi-*

tion 1 connects the receiver output to the dynamic
speaker. In Position 2 this speaker is paralleled
with the Selectosphere; Position 3 connects in the
Selectosphere by itself and in Position 4 the head-
phone terminals are connceted and the speakers
silenced. The specaker-silencing circuit shown is
suitable if the speaker has a clean air gap and a
well-varnished coil—otherwise, fireworks will
result. A snap switch can be included in series
with the voice coil if such difficulty arises.

The second position, using the Selectosphere
and dynamic speaker in parallel, is a helpful oper-
ating position when hunting over the bands. A
host of signals can be heard on the dynamijc, and

R7—50,000-0hm potentiometer (regeneration control).
Rs—20,000-0hm, 10-watt voltage divider.
Rg—2500-0hm, 14wvatt.

R10—0.5-megohm, 4-watt,

R11—400-0hm, 11watt resistor.

R19—60,000-0hm, L-watt.

R13—0.5-megohm volume control.

R14—6500-0hm, 4-wati

R.F.C. 2.5-mh. r.f. choke (National Type 100).

The detector grid leak, Rs, should be adjusted between
the values given to obtain maximum sensitivity and smooth-
est control of regeneration. Ry, the final resistor of the
detector screen voltage divider, likewise may be varied
somewhat for optimum results; the screen normally should
operate at about 30 volts. Higher values of detector plate
resistor, Ri12, may be used for somewhat greater signal
output.

when one is selected the tuning can be sct to give
the approximate beat note for Selectosphere op-
eration. When the output switch is thrown to
position the desired signal is on, or very near, the
Selectosphere’s peak response frequency.

Coil data for four bands are given in Table I.
The r.f. and detector coils are identical. The coils
should be doped to keep the turns in position.

TABLE I
COIL DATA
Total  Total C('athode Band-Spread

Band Pri.T. Sec. T. Tap Tap
1.75Me. ..... 20 60 [} 33
3.5 .Mec. ..... 15 27 14 1444

7Me. ..... 10 13 % 41g

14 Me. . .... 5 7 L3 14

Primary Windings: All close-wound at bottom of coil form,
with No. 36 d.s.c. wire.

Secondary Windings: No. 24 d.s.c. wire, the length of each
coil being 14 inches.

Taps are counted from the ground terminal of the coil.

Coil Forms: National XR-8.

Ls, Le: Input transformer; both coils close-wound with 7
turns of No. 24 d.s.c. wire spaced 3{4”’ apart on tube
134" long by 1}4” outside diameter.

CONSTRUCTIONAL DETAILS

Top and bottom views of the receiver are given
in the photographs. The panel is standard relay-
rack stock 19 by 834 inches. The chassis, 9 by 7
by 2 inches, is secured to the panel by two bolts,
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plus the clamping effcet of three variable-resistor
units, The left-hand speaker (looking at the front)
is conventional 5-inch dynamic. The particular
one shown is the type having a separately-excited
field, but permanent-magnet dynamic or mag-
netic units can be substituted.

The high-selectivity speaker on the right is
the regular Sclectosphere minus the mounting base

panel control. The five lower control units, start-
ing with the left-hand unit, are the antenna or
link trimmer, the r.f. volume control, the detector
regeneration control, the audio regeneration con-
trol, and the receiver output selector switch.
The dial plates of these controls are secured by
the central lock nuts of the variable resistance
units, with the addition of an application of liquid

solder at the four

REAR SECTION
OFSWITCH corners. This solder
. 3 gives the effect of
Top half 59 WO (= o ter trame Selectophere SMall Tivets at the
o o . corner holes, but
________ ~Pone racks
5 ° 4 ‘ carc must be taken
I 5 = in using it so as not
o} _.Z;I g)
Lower half 29 3\ ” L to remove the paint
/ < from the panel,
S The shield be-

tweenr.f. and detce-
tor circuits is sclf-

?

ﬁJ;; : L.y B+ and'screen of 6F6 ting from th

supporting fr e

) \t{s 1 Plate of tube¢rs) ~ condenser shields by
D—;::\:-"—o-— soldering. This

'3\3 5 shield goes directly

Lower 2o to the common r.f.
half ground. The two
FRONT SECTION tuning condensers

OF SWITCH are mounted from

FIG. 2—OUTPUT SWITCHING CIRCUIT TO US

the base by angle brackets. This sets them up

- 'PHONES, SPEAKER OR SELECTOSPHERE, OR THE. | from the chassis, makes for shorter leads to the

ILATTER TWO IN COMBINATION
S—Yuxley 4-pole, 5-point, 2-section, 2-gang switch (No.

R—100 ohms., approximately. Value should be adjusted
to give satisfactory speaker silencing.

and the support stem. The rear half of this unit
is sccured to the panel by threce angle brackets,
allowing the front half free motion back and
forth.

The central dial is a Crowe 11 to 1, 270°, fitted
on the front panel side with a Crowe double-
control vernier mechanism which appears behind
the two G.R. knobs. Tuning with the small knob
gives approximately 55-to-1 ratio for Selecto-
sphere use, and less than one-quarter turn of this
knob is enough to bring a desired signal in and
out of audibility when the high-selectivity
speaker is used. The dial scale is secured to the
dial back frame with liquid solder to eliminate
any buzzing when the speakers are used. The
small central bushing which backs the pointer
was removed and s small felt washer cut and
placed as a buffer between the dial scale and the
pointer. The top-view photograph shows the dial
gear train and vernicr separated from the radio-
frequency ground by an insulated sector on the
band-spread tuning condenser. This ‘arrange-
ment gets rid of tuning noise on the higher fre-
quencies. Ordinary vaseline is used on the gear
train to permit damping and free motion.

Between the regular speaker and the dial are
the ganged band-setting condensers and their

raised coil sockets and eliminates vibration. The
input arrangement to the receiver is indicated
on the top of the dynamic speaker. To the right
of this spcaker and above the band-setting con-
denser is seen a short section of wood dowel
through which a bolt catches the main panel with
the band-sctting condenser’s mounting clamp.
This precaution makes the assembly very rigid
and either rack or table mounting can be used.
The four corners of the chassis are fitted with
rubber feet to cushion the receiver.

VIBRATION HINTS

When a receiver of this character incorporates
speakers along with regeneration, it is excellent
practice to tie things down fairly tightly with
lock washers. The tube sockets in this receiver
were mounted away from the lower side of the
chassis by their washers and as an added precau-
tion the ‘“decadpin’’ holes in the sockets had their
contact wipers removed. Vibration problems
should not be tolerated in any recciver because
often what one calls a poor note is traceable to
some receiver defect. The top of chassis layout
can be changed to suit the individual; the amateur
is known to be resourceful in these matters and
if the constructor does not care to follow this
layout exactly, no harm will result. Lastly, where
the three volume controls and two holding-down
bolts grip the panel to the chassis, thin fibre
washers were inserted so that there would be no

(Continued on page 87)
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Inexpensive Coaxial R.F. Transmission Line

Low-Loss Low-Impedance Line Which Can Be Built for Ten Cents per Foot

By Douglas A. Smith, W2BZR*

two Ce tors have a co

Lest recent mention in the technical press of coaxial cable in connection with television development has
created the impression that a *‘coaxial”’ line is something very special while our familiar ‘‘concentric’’ lines are
a different breed, we hasten to explain that the two terms are practically synonymous, both implying that the
geometric center or axis. After consulting Webster, we’ve come to the conclusion
that of the two words, ‘“‘coaxial’ probably is more accurately descriptive, hence deserves preference. The tcle-
vision cable is special—but not because the conductors are coaxial.—EDITOR.

prompted the use of couxial transmission

line was this: The station is surrounded by
trees and is at the base of a knoll. Up on the
plateau at the top of the knoll is un excellent
antenna location—wide-open spaces and plenty
of good tall trees. Last winter a 14-Mc. aluminum-
tubing vertical radiator was erected on the pla-
teau, mounted on a 40-foot mast. The greatest
problem was how to feed it, as the radiator was
about 200 feet from the transmitter.

Some will say, “That should have been easy;
just use a 600-ohm line with a matching section
at the antenna.” More easily said than done.
Such a line and matching section were tried, but
the results were very discouraging. Finally, a
single-wire matched impedance line tapped 11
feet 9 inches from the base of the vertical antenna
was tried, and then we started to get results.

However, the open-wire lines had two unfortu-
nate features: They were unsightly and they
passed directly under a 2300-volt feeder line
operated by the local power company. Needless
to say, when our line was discovered it was
promptly condemned and had to be taken down.
So there we were with a perfectly good antenna
200 feet from the transmitter—and no way of
feeding it. But, no, there must be some way of
getting soup up that hill to such a grand antenna
location, and there was a solution—coaxial cable
buried under the ground.

The biggest drawback to the lines commercially
available was cost. In one instance 250 feet of
line would have- cost $250. The lowest-priced
cable we could locate was a few cents less than a
quarter per foot—this still ran to too much
money. So we decided to build the line ourselves.

THE peculiar situation at W2BZR which

BRASS V8. COPPER
Most commercial lines are made of copper

tubing; we actually bought 250 feet of this $g-inch
thin-walled tubing in 50-foot coils, and found it

* Allen D. Cardwell Mfg. Co., 81 Prospect Ave., Brook-
lyn, N. Y.

filthy on the inside. At least a good tablespoonful
of muck and copper filings was swabbed out (in
the same manner as cleaning a gunj, and we
realized that this type of tubing would never do
for high-frequency work. So we lugged it back to
the metal supply house, and while trying to get a
line on cleaner copper tubing with fewer irregu-
larities in the inside, we saw some thin-walled
brass tubing. The inside of this brass tubing was
as clean and shiny as the inside of a shot-gun

FIG. 1—ALL THE GADGETS USED IN CONSTRUC-
TION OF THE LINE ARESHOWN IN THIS PHOTO- .
GRAPH

barrel. It fitted our 3%4g-inch Isolantite bheads
perfectly, with only about 0.01 inch play between
the bead and the tubing. One disadvantage (we
thought, before asking the advice of a Bell
Laboratory man) was that the brass tubing only
came in 14-foot lengths. Another question we had
in mind was whether the brass would be as
efficient a conductor as copper. This fear also was
quelled by our Lab friend. Either copper or brass
tubing can be used with equal success. Of course
we realize that the conductivities of copper and
brass are different, but in r.f. transmission the
skin effect is the same.

But how about bending this hard-drawn brass
tubing? The answer is to use right-angle coaxial
joints. These are pictured in Figs. | and 2. With
such a gadget geometrical layout of the line is
possible. However, it is possible to obtain 4 good
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deal of flexibility when the line is completely
assembled. Our line wends its way between trees
and bushes and through the brow of the knoll
leading to the plateau, much like a long snake—
underground of course, about six inches.

Those unfamiliar with concentric-line construc-~
tion can readily get the idea from Figs. 1 and 2.
The inside conductor, a piece of No. 12 wire with
Isolantite beads crimped into position every two

FIG. 2—THE CRIMPING TOOL (REVAMPED PLI-
ERS) READY TO TAKE A BITE

‘The crimps, on each side of the insulating beads, keep
the latter from sliding out of position.

inches (approximate eye measurement), is slid
into the brass tubing. The resulting line has a
characteristic impedance between 72 to 75 ohms,
which is approximately the impedance at the
center of a half-wave antenna.

The advantages of this type of line over open-
wire lines are many. With coaxial cable the im-
pedance is constant. Second, the losses are negli-
gible at frequencies up to 14 Me. Even at 28 and
56 Mec. the losses are so trivial over the average
length feeder that they might as well not be
considered. However, for the sake of those who
really want the facts the tabulation below is taken
from information compiled by Bell Laboratories:

LOSSIN DB FOR VARYING LENGTHS OF COAXIAL
LINE (3§” 0.D.)

Per Mile Per 1000 Ft. Per 100 Ft.

2 Megacycles. .. ... 8.5 db 1.8 db .16 db
4 . 12.0 ¢ 22 - 22 0
7 o ceee.. 1800 3.0 « 3 ¢
14 “ 22,0 4.1 K
30 “ 34.0 “ 8.4 B84
40 “ 40.0 * 7.5 ¢ 75
56 “ 56.0 108 1.06 “

Third, with & coaxial line complete grounding
of the outer conductor can be obtained, either by
a typical ground connection at one or both ends
or at the middle, or by burying it underground.
Thus there is no possibility of transmission line
radiation and its attendant highly undesirable
features.

Now for the actual construction of the line.
Figure out how many feet of wire will be needed
and get a little extra. Use hard-drawn or semi-
hard No. 12 bare copper wire; the impedance will
be off slightly if enamelled wire is used. Next pro-
cure the Isolantite beads or spacers. For 34-inch
outside diameter 0.02-inch wall brass tubing, a

head approximately 5{¢ inch in diameter should
be used. The tubing and bead sizes are readily
available and will give an impedance of 75 ohms,
according to the Handbook formula for designing
coaxial lines.

String the beads loosely on the wire. If you
have a long length to work it is best to construct
two reels, winding the wire on one and having the
other available for the finished beaded wire. The
problem is to crimp the wire on each side of the
individual beads to keep them from slipping, and
yet not break or distort the wire. After about two
weeks of experimenting with all sorts of gadgets,
a 50-cent pair of pliers (Woolworth’s best) as
shown in Fig. 2 was decided upon. Simply file the
cutting edge to a point where the pliers will no
longer cut wire. Leave a slight space, of the order
of 0.01 inch, between the edges. Then procure a
key file at the local hardware store and file two
square notches opposite each other in the two
old cutting edges, these notches to be just a hair
or two less in width than the diameter of the No.
12 wire. The depth should be such that when the
wire is squeezed in the notches it will have a
tendency to be flattened and two little bulges
will fill out at either side of the notches into the
0.01-inch gap left between the old cutting sur-
faces. These bulges will keep the beads from slid-
ing along the wire. The ‘‘crimps” as they are
termed, must be made on each side of the bead,
and should be as close to the bead as possible to
keep it from sliding back and forth. Be sure the
notches in the “‘crimper’ are filed square and hot
round. It is not necessary to take the temper out
of the 50-cent pliers before filing; they will file
very easily “as is.”

3--LEFT—A COMPLETED RIGHT-ANGLE

FIG.
COAXIAL JOINT RIGHT—THE JOINT READY TO
BE ASSEMBLED

After a few evenings spent crimping the beads
on the wire you are probably either ready to call
the whole thing off, go to the doctor to have your
thumb cured of arthritis—which happened here!
-—or else you’re ready to slide the brass tubing on.

I say “shde” because that is exactly what we
did here. We ! kept our center conductor (250 feet,)
all in one piece and slid the 14-foot sections of
tubing, together with the necessary httmgs, over
the beads already crimped on the wire. Not a
single bead chipped or broke. This method makes

1 Thanks to help from W2HZR.

(Continued on page 74)
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28-Megacycle Pfeselection

Circuit Hints and Practical Construction

By James Millen,* WIHRX and Dana Bacon,** WIBZR

has been particularly hot; signals from all

continents have been coming through with
good regularity and many amateurs have been
quick to take advantage of the chance to make
WAC under almost ideal conditions.

There was little QRM at first and a simple
regenerative receiver was satisfactory. During
the Summer and Fall of 1937, however, two
changes occurred; ten meters got even hotter and
the American ’phone band was shifted to its
present position. These events brought out the
shortcomings of many receivers and the merits
of others. The better conditions increased QRM
alarmingly, the regenerative receiver became in-
adequate from the standpoint of selectivity, and
many proud owners of superhets were disagrec-
ably surprised at the performance of their
equipment. Many of the simpler and cheaper
receivers having 28-Mec. coverage were found to

FOR the past year or more the 28-Mec. band

FIG. 1—THE SINGLE-STAGE 28-MC. PRESELECTOR

No vernier dial is necessary, as a band-spread tuning
condenser is used with but two tuned circuits.

be lacking in sensitivity, with images indistin-
guishable from real signals.

On the old ’phone band, 28 to 28.5 Mc., images
had not been bothersome as there were very few
signals above 29 Me. to cause trouble, and only
those signals between about 28.9 and 29.4 Mec.
could appear as images in supers having 456 ke.

if. channels. After the 'phone band was changed
to include frequencies from 29 to 30 Me., the
low-frequency half became full of images, which
were particularly objectionable since most of the

FIG. 2—BOTTOM VIEW OF THE SINGLE-STAGE
UNIT

Simple, isn’t it? The two rectangular shields house only
the coils. Note the shielded output lead.

foreign amateurs chose to operate between 28 and
28.5 Me:
ELIMINATING IMAGES

A preselector would seem to be the only means
for overcoming the difficulty, but it soon becume
apparent that the commercial preselector had
exactly the same shortcomings as the receiver,
both being designed primarily for lower frequency
operation, and the results wcre, of course, dis-
appointing., This was to be expected as no par-
ticular effort had been made to reduce the circuit
losses nor to compensate for the low grid im-
pedance of conventional tubes above 15 Me.

One solution for the image problem is to use a
receiver having a high-frequency i.f. channel, for
in such a receiver the signal-to-image ratio auto-
matically will be quite high, and furthermore no
signal in the 28-Mec. band can appear as an image
interfering with any other signal between 28 and
30 Mec.! Another solution is to employ a pre-
selector built especially for 28-Mc. operation, In
considering the design of such a preselector the
characteristics of the receiver with which it is to
be used are very important. A few of the very

*® Malden, Mass.
**41 Bellington 8t., Arlington, Mass,

1%A New Quarts Crystal Filter of Wide-Range Selec-
tivity,” QST, Sept. 1937.
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FIG. 3-—~DIAGRAM OF THE SINGLE-STAGE UNIT
Ci1y C7—3-30 ppfd. mica trimmers.

Ce, Cs—Tuning condensers, two gang, 25 uufd. per section
(National Type 81X).

C3—0.1 pfd., 200-volt, tubular paper.

Cs, C5—0.1 pfd. 400-volt, tubular paper.

R1—350-0hm 14-watt.

R2—50,000-0hm 14-watt.

L1, L3—Tuned winding: 6 turns of No. 20 E. 9/16" diam-
eter, 14" long. Pick up winding: 3 turns of No. 30 d.s.c.
close wound, spaced about 1/16” from low end of tuned
winding.

best communications rcceivers huve good sen-
sitivity on ten and the only improvement desired
is some stepping-up of the signal-to-image ratio
with comparatively little voltage gain. There
would be no point in using a high~gain presclector
with such reccivers, since they already go down
to the noise level. The majority of sets will, how-
ever, need considerable gain as well as reduction
of images, and these requirements automatically
indicate the use of acorn tubes. One or-

value much higher than that ordinarily obtain-
able, and at the same time voltage on the tube
grid is not cut down appreciably. The explana-
tion is simple: The more efficient tuned circuit
develops higher impedance with attendant higher
signal voltages, and the tapped coil is in reality
a matching transformer, the grid impedance of a
6K7 at 30 Me. being about 30,000 ohms. Circuits
employing acorns do not require such treatment,
the grid impedance of the 956 heing over one-
quarter megohm at this frequency.

Figs. 4 and 5 show a more elaborate two-stage
presclector employing acorn tubes and probably
representing the best unit of its type that would
be practical for home construction. With the
gain control wide open, the voltage amplification
is about 300 and the signal-to-image ratio is 100
when used with a receiver having an intermediate
frequency of 456 ke.

‘When properly-connccted, it will transform a
decidedly mediocre receiver into one having ex-
ceptionally finec 28-Me. characteristics. The cir-
cuit diagram is shown in Fig. 6. The acorn
presclector will of course cffect some improve-
ment when connected to a high-quality receiver,
but naturally the improvement will be much less
marked and the gain control of the receiver must
be retarded to hold background noise down t<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>