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Taylor Tubes ”gk _' A9

S L |
A Y

Now Used by- ==&
Airlines >
American
Eastern
Penn-Central “ ﬁk\
Branff
Inland
Delta Chicago-Southern
Mid-Continental  Northwest

Transmitter Manufacturers
Fred Link

Bendix
Harvey

Motorola
Bassett
Taylor Tubes are also used by the British,

Australian, French, Argentine and
United States Governments.

TAYLOR TUBES, INC, 1341

for

~DEPENDABILITY
—BETTER PERFORMANCE
~LOWER OPERATING COST

Taylor Tubes is proud that the highly
qualified Radio Engineering staffs of
8o many of America’s Airlines and
Transmitter Manufacturers have ap-
proved and accepted the quality of its
tubes. Taylor Tubes have met and ful-
filled the rigid service requirements of
exacting 24 hours a day applications.
They have built their own record of
success under the most adverse condi-
tions of use where tube failures cannot
be tolerated.

Get the same dependable “More Watts
Per Dollar” service enjoyed by Airline
and Manufacturing Engincers by insist-
ing on Taylor Tubes.

“More Watts Per Pollar’’

DID YOU GET YOUR MANUAL
Send five cents in stamps or coin
direct to us or get one FREE
from your distributor. All new
material. See T-40 and TZ-40 dual
ratings . . . 1,500 V. at 150 MA.

WABANSIA AVE, CHICAGO, ILLINOIS
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Ralph E. Thomas, owner and operator of Station W2UK
uses a pair of Eimac 250TH’s in the final and a pair of
Eimac Vacuum Tank Condensers with band switching for
two bands. A pair of 75T’s used as the driver. Ralph’s
success in scoring highest two years in succession is re-
markable—a good illustration of what can be accom-
plished by the intelligent use of good equipment of which
Eimac tubes are a vital pare,

L

Eimac 250TH's
and a pair of Eimac Vacuum
Tank Condensers make up Eg
the final. Eimac KY21 tubes u B
for the rectifier and 75T's T
for the driver.

it EITEL-McCULLOUGH, Inc. Sen Bruno, Calif
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Past *
Present
and

. Prophetic

QRO Transceiver

When Editor Smith decided that his car
needed a 2V5-meter transceiver, he went about
it in a big way and used an honest-to-goodness
transmitting tube as the detector-oscillator.
Just to prove that the rig really worked he
took it up into the hills in back of Santa Bar-
bara on a recent Sunday and nonchalantly
broke the 2l5-meter dx record by working
W6OIN in San Diego, an airline distance of
approximately 175 miles. As an anticlimax
he then made a couple of 75-mile contacts
with Los Angeles. The Big Bertha transceiv-
er is described on page 28.

Golden Rule for V.F.O.’s

Accompanying the manufactured version of
the v.f. crystal oscillator described on page
31 is the following paragraph, which, we
think, could well be copied and pasted on the
panel of every v.f.o.

“In using a variable frequency exciter,
common courtesy should be applied to pre-
vent unnecessary interference with other op-
erators. Thoughtless use of a variable fre-
quency exciter will only rob others of pleas-
ures to which they are rightfully entitled.”

Change of Scenery

Tired of looking at the same old wall or
out of the same old window while operating
the transmitter? On page 13 Waller describes
a remote-control unit which requires nothing
more than a 110-volt a.c. outlet for complete
transmitter control from anywhere in the
house. The advantages of an operating con-
venience of this type are too obvious to require
further comment.

Results

In the DX Department you will find the
official results of our DX Contest of last No-
vermnber-December. The turnout for this, our

#* The following Sunday this wus shoved out
to 200 miles, using same equipment, by perching
on a peak farther north and working the same
station,

first venture into contest sponsorship, was
most gratifying. However, we were more than
a little surprised by the lack of entries in the
more-than-one operator divisions. In practically
every call area and country a single contact
by a station “admitting” more than one oper-
ator would have netted a certincate. Plans
for this year’s contest are well under way
and, since we have had practically unanimous
approval of the rules expressed by the con-
testants, no drastic changes are contemplated.

Portamobile

With summer approaching a. chis is being
written, portable and mobile equipment
would seem to be in order. Therefore with
vacations and Sunday outings in mind we
recommend Driml’s pint-sized mobile rig
shown on page 40 and Striker's combined
portable transmitter and station exciter on
page 33.

F.M. Moves Down

Elsewhere in this issue will be found a for-
mal announcement of the opening of a por-
tion of the 56-Mc. band to frequency modula-
tion. Just exactly what the Commission means
by “frequency modulation” we haven’t yet
been able to find out. Presumably, intentional
frequency modulation—as contrasted to the
unintentional type caused by amplitude modu-
lation of a self-controlled oscillator—is what
is implied. We sincerely hope that this is the
case, since a return of the modulated self-
controlled rig and the transceiver to 56 Mc.
could hardly be classed as amateur “progress.”

Of late a goodly amount of office gab has
centered around the possibility of narrow-band
frequency modulation on the lower frequency
bands. This is an especially interesting sub-
ject since theory indicates that with a devia-
tion ratio of 1 (frequency swing each side of
center equal to frequency of impressed audio)
the second and higher-order sideband com-
ponents are of insignificant strength, while an
improvement in signal-to-noise ratio of 1.7 to
2 times (depending upon the type of noise)
over conventional amplitude modulation is
obtained.

The most appealing part of this business is
that a couple of receiving tubes will modulate
the transmitter, be it ten watts or a thousand.
Unfortunately, fading plays havoc with f.m,
and could well nullify its laboratory advan.
tages on the lower frequencies. Until the
F.C.C. sees fit to open part of one of the lower
frequency bands for actual “on the air” ex-
perimentation we can't do much about it.

50 Vs. 60 Cycles

On page 17 Technical Editor Dawley de-
scribes the wide range audio oscillator we
{Continued on Page 82}
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By A. W. GREENLEE,*

The shades of Captain Bligh, “Mr. Chris-
tran,” and their heroic companions undoubted-
ly recoiled in new torment early last March
when portable KE6 went on the air from an
unknown microscopic island far out in the
Pacific Ocean and shattered anew the leg-
endary silence of that vast and lonely section
widely styled “the South Seas.” To he exact,
it was Jate in the afternoon of March 13, 1940
when Roger Parnell and I—after many hours
of feverish construction and sometimes crude
contrivance-—crossed our fingers, snapped a
switch, and put a CQ on the air. A few sec-
onds later our faces stretched irrepressibly jnto
broad grins, for answers began to roll in. Qur
glow of pleasure grew as we counted off the
stations calling until we were practically in-
candescent.

W6CQS near Oakland, Calitornia was our
first contact, and the QSO with him helped
us hang up some kind of a first, since our part

#1001 18th Ave., Honolulu, T. H.

K6NYD, Lt. (jg) U. S. N.

of the world . . . but perhaps we should pause
long enough to start at the beginning with an
explanation that what follows 1s an account
of a radio amateur’s adventure in a compara
tively unknown district and a description of
his zit\cm[\ts to familiarize amateurs with the
area.

In the first place the whole thing began as
a typical “postman’s holiday.” I am, first and
last. a radio ham; but in between the U. S.
Navy pays my salary, and I reciprocate by
serving as a line officer in the aviation branch
where in some mysterious way communication
duties constantly tall to me.

It was to get away from it all—all the
gripes and growls which usually pour like
a shower of harmless sparks on the head of
a squadron radio officer—that 1 prepared to
absent myself for a few days while most ol
the planes were out on advance base opera-
tions. But what motivated my packing up a
2000-foot coil of antenna wire and my handy
old junk box I'm not quite sure myself. Any-

@ A view of Puka Pinnacle from the lowlands; Parnell is shown at the left in shorts and straw
hat; the author, bareheaded, is on the right.
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The regular assignment plane and crew of the author (extreme left); it was a plane
similar to this in which they flew to Johnston Reef.

how, this gear was among my effects when
they were stowed aboard a plane in which
this time I was to fly as a semi-passenger,
and some good natured razzing from the boys
followed their discovery of what they termed
“Bill’s emergency kit.”

We took off at dawn on the thirteenth of
March, and the morning hours passed as
pleasantly as the white fluffy clouds beneath
us. In loose formation the planes hummed
their way southwestward from the Hawaiian
Islands. By mid-day the upthrust bits of ocean
floor known as Johnston Reef or Johnston
Island took shape out of the haze ahead, and
shortly afterwards we were skimming wave
tops alongside a barrier reef as the pilot cau-
tiously settled the plane for a landing. There
came the zip-swish of fast water beneath the
hull and we were on.

Quickly assembling my personal baggage, 1
was soon set ashore on a low sandy island
which reminded me at once of the old North
Dakotan’s remark to the effect that you could
look farther and see less in his state than in
any other state in the union. Nevertheless, it
was just what 1 wanted. Tropical fish abound-
ed in the lagoon inside the reef; the trade
winds blew steady and cool all the way from

the North American coast; and after tomor-
row, when the planes took off again, 1 would
have four days of uninterrupted peace and
quiet with plenty of time for fishing and
tinkering.

Companionship was available too, for as |
made my way up the beach from where sup-
plies, baggage. and myself had been landed,
I saw Roger Parnell. Young, friendly, cour-
teous, Mr. Parnell was to be associate, guide,
and even student during my stay. A member
of the widely scattered and unsung band of
U. S. weather station operators, he was glad
of the opportunity to talk with an outsider.
He explained that supply ships were so dis
tressingly infrequent, he had thought of oi-
fering a bounty for all English speaking hu
mans brought to him alive.

As we proceeded up the beach toward his
establishment, he explained that Sand Island,
where we were, was the most habitable spot
in the area. Johnston Island, about a mile to
the westward, while much farger is uninhab-
ited and inaccessible. All about us as we
walked were the “nests” of sea fowl. Shal-
fow depressions are scooped out of the sand
by terns, booby, trigate and other varieties of

[Continned on Page 891
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Simplified Carrier Operaled

i

By L.

C. WALLER,* W2BRO

An improved system using the house wiring as a transmission
line for operating filament, plate, and keying relays.

Many radio amateurs sooner or later en-
counter circumstances which make it highly
desirable to operate their cw. rigs from a
remote position. For exanmple, in the hot sum-
mer months, a rig located on the second floor
of a two-story house (or still worse, in the
attic) may be “too hot to handle.” The room
temperature normally may be much too high
for comfort, but after a transmitter of any
appreciable power has been dissipating its
usual quota of heat for a short time, the
room is likely to become quite unbearable.
How about moving the receiver and the
operating switches of the transmitter to a
table in that nice cool cellar? Or, perhaps,
to that relatively cool rear bedroom on the
first floor? Such a move can readily be ac-
complished without stringing unsightly relay
wires hither and yon.

In a recent articlel the writer described a
sumple, carrier-operated remote-control circuit
which employs the house a.c. wiring circuit as
a transmission line for relay operation. This
system is quite workable but, as was pointed
out at the time, possesses a number of dis-
advantages. An 1mproved arrangement was
promised for a later date and will now be
described.

The new remote-control system permits the
independent operation of three relays by
means of a single, 300-kc. Hartley osallator.
This small control-oscillator unit can be plug-
ged in any a.c. outlet in the house, as long
as the transmitter is powered from an a.c
supply line which emanates from a common
power-line-transformer winding. This is, of
course, the usual condition encountered. Thus,
the carrier-operated system does not tie the

#* RCA Mfg. Co, Inc, Harrison, N. .

' Waller, “Carrier-Operated Remote-Control Cir-
cuits,” Rapvio, Nov., 1939,

operating position down to one particular spot
in the house. That cool cellar, the rear bed-
room, or any other room can be quickly util-
ized, as may prove desirable at any given
time.

In order to understand the operation of the
new system, the reader should first refer to
the previous articlel—especially to that part
which describes the operation of the gas
triode, type OA4-G. In addition to one OA4-
G, the new relay unit (to be located at the
transmitter) also employs two of the new
2051’s. The latter tube type is a sensitive
gas “tetrode” designed especially for grid-
controlled rectifier service. Its average con-
trol characteristics are shown in the curves ot
figure 1. The socket connections and electrode
arrangements of both the OA4-G and the
2051 are shown in tigure 2.

The remote-control relay unit is not quite
as simple as the control oscillator and will,
therefore, be described last. It is necessary to
say, however, that its selector circuits oper-
ate on a wvariation in amplitude of the r.f.
signal impressed across the a.c. line by the
remote oscillator. In the normal operating
cycle, three types of r.f. signal are required,
in this order:

1) A high-amplitude signal of short dura-
tion.

2) A low-amplitude signal which can be
switched on and left on.

3) A medium-amplitude signal which can
be keyed.

These requirements can easily be met by
the simple Hartley oscillator shown in figure
3. The SOL6-GT, which is operated as a tri-
ode with its screen tied to its plate, receives
both heater and plate power directly from the
a.c. line.

The tank coil L, is inductively coupled to
the a.c. line through a low-impedance second-
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AVERAGE CONTROL CHARACTERISTICS
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Figure 1. Operating characteristics for the

2051 gaseous tetrode.

ary winding L,. The oscillator frequency is
not critical and can be in the order of 50 to
400 kc. With the circuit constants shown in
figure 3, the frequency is about 300 kc. L,
consists of four turns wound around L, at
the point where the latter is tapped; that is,
at the point of zero r.f. potential. Blocking
condenser C, prevents L, from shorting the
a.c. power line and also by-passes the plate-
tank circuit at its r.f. voltage node. Grid
bias for the oscillator is obtained from grid
leak R,.

Resistors R, and R, are wos cathode bias
resistors, but serve merely as series resistances
in the —B lead to provide variations in the
amplitude of the r.f. carrier. In figure 4, A,
B, and C show the waveform and relative
amplitude of the carriers impressed on the
a.c. line. The large carrier C is obtained for
a short interval when push-button switch §;
is depressed and then released. S, serves to
short out R, and S, thus placing the full a.c.
line voltage on the plate of the oscillator. The
large, momentary signal obtained in this man-
ner triggers the OA4-G (see figure 5), oper-
ates relays Z, and Z,, and thus turns on all
transmitter filament supplies, as well as the
heaters of the 2051’s in the relay unit.

Toggle switch S, is next closed, so that the
cathode of the 5OLG-GT is returned to —B
through a 20,000-ohm resistor, R,. This re-
sistor greatly reduces the oscillator plate volt-
age and produces a very small carrier, as
shown in figure 4A. Carrier 4A is used to
trigger relay tube V, (see figure 5), which
operates relay Z, and turns on all transmitter
plate supplies.

JUNE

P = ANOOE Py = STARTER ANOOE
G4 = CONTROL GRID P2 = ANOOE

G2 = SHIELD GRID K ¥ CATHODE

K = CATHODE NC = NO CONNECTION
H * HEATER ® = GASTUBE

NC = NO CONNECTION

@ T GAS TUBE

BOTTOM VIEW OF SOCKET CONNECTIONS

Figure 2. Socket connections for the OA4-C
and 2051 tubes.

The rig is now ready to be keyed by K
(figure 3), which shunts R, with a 4000-ohm
resistor, R,. This operation increases the os-
cillator plate voltage so that carrier B (hgure
4) is obtained. It should be noted that car-
rier B represents merely a sizable /ncrease in
carrier A. That is, when the key 1s up, car-
rier A still remains as long as switch §, is
closed. Every time the key is closed, carrier
B triggers V, and relay Z,, the latter being
connected in the keyed circuit of the trans
mitter.

The operation of the remote-control oscil-
lator is quite simple and dependable. No dif-
ficulty whatever should be experienced in mak-
ing it “perk,” provided the recommended cir-
cuit constants are employed. The osallator
plate and grid current values for each of the
three carrier amplitudes are as follows:

Carrier D.C. Plare Ma. D.C. Grid Ma.
A 2.2 0.8
B 5.2 2.0
C 8.0 3.2

These current values will vary considerably,
depending on the impedance of the a.c. line
at the remote position where the oscillator is
located. If the plate current is too low, an
impedance mismatch between L, (fhgure 3)
and the a.c. line may be the cause. In some
installations, therefore, it may be found ad-
visable to try one or two turns more, or less,
for L,. In this manner, the impedance match
can be improved so that a stronger signal will
be delivered to the line.

The circuit for the remote-control relay unit
is shown in figure 5. The OA4-G circuit is
essentially like the one previously described.
Inductance L, and condenser Cg comprise a
series-tuned circuit shunted across the a.c.
line. Trimmer C. serves to tune the circuit
to resonance with the 300-kc. frequency of the
oscillator. The carriers pictured in fgure 4
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Figure 3. The 300-kc. remote control oscil-
lator.

C,—0.1-pufd. 400-volt L—75 turns no. 26

tubular d.c.c.  closewound
C—.002-pufd. mica on 1.75 form, tap-
C:—75-225 ppufd. ped 25 turns from

mica trimmer grid end
C.—.00025-ufd. mica RFC—60-mh. v f.
C:—O0.1-ufd. 400 - choke

volt tubular

R—446 ohms, 20 S—Push-button

switch for trans-

R|ias'(;:)° ohms, V; mitter filament
watt © 7P supply
R.-—20,000 ohms, 1 S.—S.p.s.t. toggle for
watt transmitter plate
R:—4000 ohms, 1 supply i
watt S:—S.p.s.t. oscillator
L—4 turns no. 26 line switch

d.c.c. (see text) K—Key or “bug”

are as viewed on a cathode-ray oscillograph
connected directly across L, Carrier C ac-
tually looks like DD when the OA4-G is firing,
the distortion being due to the intermittent
loading of L, by the OA4-G. The oscillo-
graphic patterns offer a convenient, though
not essential, method of indicating when L,
C, are in resonance with the oscillator fre-
quency.

The 60-cycle a.c. voltage from the junction
of R, and R has an amplitude which is jus
to0 small to trigger the starter anode of the
OA4-G. Thus, when the high-amplitude car-
rier C comes on, the large r.f. voltage built
up across L, adds to the a.c. voltage across
R. and triggers the OA4-G. The tube acts
as a half-wave rectifier, passing a d.c. anode
current of about 20 ma. through the 2000-
ohm winding of relay Z,. This relay oper-
ates stepping relay Z,, which closes and stays
closed, even when carrier C has been removed.
Relay Z, is necessary because stepping relay
Z, requires a considerable amount of power
to operate—much more than the OA4-G is
capable of handling. Z,, when closed, turns
on the transmitter filaments and also the
heaters of V, and V,—the 2051s.

i
©
Figure 4. Oscillographic patterns of the 300-
kec. carrier as it is received at the relay unit.
Carrier (C) is distorted as in (D) when the
OA4-G is firing. Carrier (C) turns on the
transmitter filaments, (A) the plate supplies,
and (B} keys the rig. (C) also closes the
transmitter down after a QSO session. The
transmitter can be controlled from any room
in the house.

After a few seconds delay—which gives the
8G6’s in the transmitter power supply a
chance to “warm up”—the cathodes of the
2051’s are hot and ready to operate. Carrier
B is next applied by S, (figure 3). The small
r.f. signal thus appearing across L, is »os
enough to trigger the OA4-G, but it does trig-
ger V,—through C, and R;. The grid of V,
1s biased only 4.5 volts negative from a small
C battery. Relay tube V, is biased at —2215
volts, and is not affected by small carrier A.
When V, “fires,” it passes a pulsating d.c.
current of 35 to 40 ma. through relay Z,,
which operates to turn on the transmitter
plate supplies—both low and high voltage.
The rig is now ready for keying.

Next, the remote oscillator key boosts the
line carrier from A to B; this increased signal
is still too small to fire V,, but it fires V.
The plate-supply relay tube, V,, continues
to fire, of course, since carrier B 1s larger
than carrier A. Thus relay Z, holds down,
as desired, while relay Z, keys the transmitter
—as rapidly as a fast bug will go!

After a transmission, S, is opened at the
remote oscillator. There is then »o 300-éc.
carrier to cause harmonic interference on the
station receiver. The mechanical locking of
stepping relay Z, keeps the transmitter fila-
ments hot, however, and the rig 1s ready to
go again when S, is closed for the next trans-
mission. When the operator is ready to close
down the transmitter completely, he has only
to give push-button switch S, a quick poke.
This delivers carrier C, fires V,, V,, and V
for about the time interval of one dot, and
causes stepping relay Z, to open and sray
open. Thus the heaters of V, and V, are
turned off, along with all transmitter hla-
ments. Subsequent closing of S, and the key
will produce no action, because the cathodes
of V, and V, are cold. Just as a check to
prove that Z, is open, the operator should
close S, and the key. If the rig is turned off
properly, the transmitter signal will not be
heard in the station receiver.
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This remote-control relay unit, as previous-
ly explained, employs three “selector” circuits,
each of which operates on a different carrier
amplitude. Relay tubes V, and V, operate
independently by virtue of the voltage differ-
ential between their respective bias voltages.
As shown in figure 5, this bias differential is
22.5 — 4.5, or 18 volts. The steep control
characteristic of the 2051 (see figure 1) in-
dicates that a considerably smaller bias dif-
ferential might be used. So far as the sensi-
tivity and uniformity of the 2051’s are con-
cerned, a bias differential of only 2 or 3 volts
may be adequate. However, in actual prac-
tice, it was found difhcult to control the dif-
ferential in the amplitudes of the 300-kc. car-
rier within such small limits.

The amplitude of the carrier voltage E..
measured across L, (figure 5) is affected by
factors other than the oscillator plate voltage.
Of these factors, the most important are:

1) Variations in the input impedance of
the a.c. power line at various a.c. outlets in
the house.

2) Variations in the load applied to the
a.c. line.

3) Line voltage surges.

ADIO

Figure 5. Three-circuit remote control unit
for c.w. transmitters. No power is required
by the relay tubes when the transmitter is
not in use. The resistance of R; must be low
enough to prevent line-voltage surges from
firing the OA4-G. Otherwise the transmitter
may be turned off when a surge happens to
coincide with a closing of the key.

Co—,002-pufd. mica Rs—50,000 ohms, 1;

C:—75-225 ufd. mica watt

trimmer R:—250 ohms, 2
C»y—25-ufd. 50-volt watt

electrolytic Ri—100,000 ohms,
C—0.1-pufd. 400-voit V2 watt

tubular R11~—20,000 ohms, 5
Ci—8-ufd. 150-voit watt

electrolytic Ti—6.3 v. 1 a. fila-
Cii—0.1-pufd. 400 - ment transformer

voit tubular Tr—Transmitter fila-
Ci:—8-ufd. 150-volt ment supplies

electrolytic Ts—Transmitter plate

Ri~—15,000 ohms, 1 supplies
watt Z;, Zi, Z+—S.p.s.t.
R:—8000 ohms, 1 a.c. relay, 2000-
watt ohm coil
Re—500 ohms,; 2 Z—S.p.s.t. mechan-
watts ically locking, elec-
R —100,000 ohms, trically reset a.c.
V5 watt relay, 200-ohm coil

The first factor is apt to cause more vari-
ation in E. than the other two, but none
will be troublesome if a suitably large bias
differential is employed for relay tubes V,
and V,. Care should be taken that carrier
B is not made large enough to trip the OA4-G.
It is quite essential that the latter be oper-
ated only by carrier C.

Some operators object to using remote con-
trol because of the difficulties usually in-
volved in shifting the transmitter frequency
from the remote position. The carrier-oper-
ated relay unit can readily be adapted to
remote frequency control by the simple ex-
pedient of adding a third 2051 relay tube,
which we shall call V, This tube must, of
course, be provided with a suitable grid-bias
ditferential. That is, its bias must be some-
what larger than that applied to the grid of

o
[t frequency control in small steps is deem-
ed satisfactory, a number of crystals can be
switched in and out, in the proper frequency
sequence, by means of a simple multi-point
stepping relay connected in the anode circuit
of V,. The circuit would be similar to that
employed for V,. In a system of this type,
all rf. stages except the crystal oscillator
should be biased to plate-current cutoff, or
nearly so, in order to protect the r.f. tubes
while the crystals are being switched.
Continuous frequency control (for example,
over a 50 to 100 kc. range in the 14-Mc.
[Continued on Page 81]
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A description of a really inexpensive audio oscillator covering

the range from 75 to 22,500 cycles and having relatively con-

stant output and unusually good waveform over this frequency
range.

For many years past there have been only
two general sources of a.f. voltages of good
waveform: the beat-frequency audio oscilla-
tor and the resistance-stabilized audio oscil-
lator, the latter either with or without plug-in
coils and condensers for different frequency
ranges. The usc of audio-frequency degenera-
tive feedback, which has done so much for
the communications industry in recent years,
has allowed the design of the entirely new
type audio oscillator described in this article.
The design of this oscillator depends not
purely upon the principle of degenerative
feedback but rather upon the principle of ob-
taining a sharply selective circuit by the ac-
tion of degenerative feedback upon a broadly
selective circuit. Common circuits employing
inductance and capacity, as is well known,
show a sharply resonant peak at a frequency
determined by the reactances of the inductance
and capacity making up the circuit. It is not
so generally known among radio amateurs
that it is possible also to make up a selective
circuit by the use only of resistance and
capacitance. However, these resonant circuits
made up only of resistance and capacity
have not, until recently, been of great im-
portance because ot the very broad nature of
their response characteristic.

The Wien Bridge

A simple resistance-capacity network which
shows this characteristic of a rather broad
resonance peak at some audio frequency is
shown in figure 1. It is a simplified version
of the so-called Wien bridge which balances
out to a frequency determined by the resis-

# Technical Editor, Rapio.

Figure 1. The re-
sistance - capacity 4
network wused in

C
the audio oscilla- ryl
tor as the fre- ®
quency determin- Cza Rz
ing element.
8 r_ ®
———————G

tance and capacity making up its branches.
As can be seen from figure 2, the resonance
characteristic of the circuit is extremely broad,
although it does have a general shape which
is very similar to that of the conventional
tank circuit. It will be noticed also that the
phase angle of the voltage E. varies with
respect to E: as the frequency varies from
the “resonant” value, leading on one side of
resonance and lagging on the other.

A careful look at the circuit of figure 1
will show the reason for the peak in output

-
4 pes 60
e “Lac
o < 2
W 4 PHASE
y A © ANGLE
9. £ 20
= "il o EAD
o 2
K] AL 60
L=
3 1 2 3 4
RELATIVE FREQUENCY
Figure 2. Relative frequency response and

phase relations of the network shown in
figure 1.
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voltage as the input voltage is varied. The
upper section can be thought of as a high-
pass series element whose transmission would
fall off gradually as the frequency is de-
creased. Then, the lower sections across which
the voltage is developed can be thought of as
a low-pass shunt element which would offer
increasing tmpedance (and hence would al-
low a larger voltage to be developed across
it) as the frequency is decreased.

As the frequency of the voltage across the
complete circuit is decreased from a high
value the impedance of the lower section
would tend to increase until the increasing
value of the series impedance of the upper
scction approached the point where its series
impedance was increasing more rapidly than
the shunt impedance of the bottom section was
increasing. At the point where the two im-
pedances are increasing at the same rate there
will be a flat top on the response curve since
the total voltage across the two sections is con-
stant and since the two impedances are in-
creasing at the same proportional rate.

As this point is passed, the reactance of C;
becomes small with respect to R. so that the
resistance makes up the major portion of the
circuit.  But, in the upper element the two
are in series so that the reactance of the con-
denser continues to add to the resistance R..
Hence, the voltage across the lower branch
of the circuit falls off as the frequency is
decreased past the “resonant” point-—or the
point at which the reactances of the upper
and lower sections are increasing at the same
rate.

Frequency of Resonance

Referring back to figure 1, the point at
which the voltage at E. will be the greatest
percentage of E., and will have the same
phase as E;, will occur at the frequency de-
termined bv:

F.—1/27 VRR.C.C..

But if the special casc is taken where R,
is the same as R. and C, is the same as G,
the equation for the determination of the
frequency greatly simplifies to:

1
Fo=

27R.C,

A careful look at this equation will show a
peculiar thing—the frequency of “resonance”
i1s inversely proportional to capacitance, in-
stead of being inversely proportional to the
square root of capacitance as is the case with
ordinary tuned circuits. This fact is character-

RADIO
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istic of resistance-capacity circuits and allows
a much wider frequency range to be covered
with a given condenser ratio in this circuit as
compared to an LC circuit.

The Circuit

Although the particular circuit of the unit
described is new, the general circuit was first
shown some time back’ and an application
in a manufactured audio oscillator was shown
a year or so later”. The self-adjusting feed-
back control arrangement and certain mate-
rial on the resistance-capacitance tuning ar-
rangement was taken from an article by Ter-
man and his associates which appeared in the
Proceedings of the LR.E’®

The complete circuit of the audio oscillator
is shown in figure 3 and consists of six sep-
arate functions: the frequency determining
network, a two-stage audio amplifier, a regen-
eration circuit, a variable degeneration circuit,
an output control, and a power supply. Each
of these sections will be described in detail.

The Frequency Determining Circuit

The frequency of oscillation of the unit is
determined by the four-gang b.c. condenser
Cia-Cir, the fixed-minimum condensers C. and
Cs. and the set of ten resistors R; through R.,
which are switched into the circuit in equal
pairs by S.. The capacitances and resistances
in the two branches of the circuit are made the
same so that the simpler equation given under
Frequency of Resonance can be used to de-
termine the frequency of oscillation from the
known values of resistance and capacitance.

The highest frequency range, 4500 to 22,-
500 cycles is obtained with the two 40,000-
ohm resistors Rs and Ruw in the circuit. The
portion of this range above 12,500 cycles will
probably not be of any particular use but since
the oscillator did go on up above 20 kc. on the
switch position which covers the useful range
from 4500 to 12,500 cycles, thesc very high
audio frequencies are available in casce they
should be needed for any purpose. As a mat-
ter of fact, it has been stated® that oscillators
of this type have been constructed to give usc-
ful output at frequencies above 2 megacycles.

'H. H. Scott, "A New Type of Selective Circuit
and Some Applications,” Proceedingrs [.RE., Feb-
ruary, 1938, p. 226.

*H. H. Scott, "A Low-Distortion Oscillator.
General Radio Experimenter, April, 1939, p. 1.

* Terman, Buss, Hewlett, and Cahill, “Some Ap-
plications of Negative Feedback with Particular
Reference to Laboratory Equipment,” Proceedings
I.R.E., October, 1939, p. 649. i
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Figure 3.

Wiring diagram of the negative
feedback oscillator.

Cia, Cu—4 - gang
365-pufd. b. «.
condenser.

C:, C;-—.0001-pufd.
mica

C,—.25-ufd. 600-volt
tubular

C;:—0.5-ufd.- 400 -
volt tubular

Co—0.1-ufd. 600 -
volt tubular

C:—10-ufd. 50-volt
electrolytic

C—8-ufd. 450-volt
electrolytic

C., Cw—Dual 8-ufd.

450-volt electro-

watt

R;—500,000 ohms,
V2 watt

R:—100,000 oh ms,
Yy watt

R;:—40,000 ohms, 15
watt

Ri—5.0 megohms, 1%
watt

Ri—1.0 megohm, i
watt

R.—500,000 ohms,
V2 watt

R:—100,000 ohms,
V2 watt

R:1—40,000 ohms, 15
watt

Cio

{3

W

-3

L2

HEA|TERS

S2

5Y3G,

:ﬂ;l’_"‘@T’Wﬂ =

Rix—5000 ohms, 10
watts

R1.—100,000 ohms,
Va2 watt

Ri;—400 ohms, 10
watts

R1+——1000-0ohm po -
tentiometer

Ri:—2000 ohms, 10
watts

$—2-pole 6-position

sitions used)
~—A.c. line switch
Ti—Universal output
to voice coil trans-
former
T—580 c.t., 50 ma.;
5v.,3a;63v 2

a.
CH—10-hy. 65-ma.
filter choke
R-—6-watt 120-volt

lytie R —2500 ohms, 1
R1—5.0 megohms, 15 watt

watt Ri:—10,000 ohms,
R:—1.0 megohm, 1, 115 watts

switch (only 5 po- tungsten lamp

The other ranges of the instrument are:
2000 to 9000 cycles with the 100,000-ohm
resistors in the circuit, 450 to 2000 cycles
with the two 500,000-ohm resistors, 220 to
900 cycles with the twa one-megohm resistors,
and 75 to 220 cycles with the two 5-megohm
resistors.

It will be noticed that the range of the in-
strument becomes a smaller and smaller ratio
as the frequency is decreased. This is because
of the increased flattening off of the lower end
of the characteristic for each band position
as the efficacy of the by-passing and de-coup-
ling within the circuit becomes less at the
lower frequencies. The lowest frequency range
goes only to 75 cycles and no reasonable
changes in the constants of the RC circuit will
make it go much lower than this frequency.
This latter frequency of 75 cycles was deemed
low enough for normal amateur and testing
work, but if it is desired to alter the oscillator
to allow it to go to a lower frequency, it will
be found necessary to increase the values of

coupling condensers, by-pass condensers, and
titer condensers a rather sizeable amount. In
addition, it will be necessary to replace the
output transformer T, by a resistor of about
5000 ohms, or by an output transformer with
an extremely high primary inductance.

The Audio Amplifier

Two two-stage audio amplitier of the oscil-
lator is more or less conventional, using a
pair of cascaded 6V6GT’s, except for the
use of a G-watt Mazda lamp as the cathode
resistor and variable feedback resistance in the
first amplitier stage.  Note that the screen
of the first 6V6 amplifier stage is by-passed
to the cathode of this tube rather than to
ground. This is done to make the tube operate
in its proper manner as a beam tetrode.

Regeneration and Degeneration Circuits

The energy for both the regeneration and
degeneration circuits is taken from the plate
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of the output stage and coupled through the
blocking condenser C;. Here it is divided,
the energy for regeneration being fed to the
top of the frequency determining circuit and
the degenerative energy being fed through the
fixed resistor Ri; and impressed across the au-
tomatically variable cathode resistance R. It
is the function of having both a regeneration
and a degeneration circuit to hold the over-
all gain of the oscillator to the level which
will just allow oscillation. In other words
the oscillation amplitude 1s kept small enough
so that tubes are operating class A without
grid current so that the output waveform
will be a pure sine wave,

The Variable Degeneration Circuit

[t 1s the function of R, the G-watt Mazda
lamp, 1n the cathode circuit of the first ampli-
fier stage to act as a variable resistance in
series with Ry, and thus to determine the
amount of degenerative voltage fed back into
the grid circuit of the first tube. The re-
sistance of this lamp (which has a tungsten
flament and hence a positive voltage/resis-
tance characteristic) varies from about 200
ohms when cold to about 2200 ohms with
the full voltage drop of 110 volts across it.

The resistor values on the first 6V6GT
stage have been proportioned so that an in-
crease in oscillation amplitude will increase
the cathode current of the tube. Since the
lamp, with its variable resistance characteris-
tic with changes in current, increases its re-
sistance with an increase in current, the in-
creased resistance accompanying an increased
oscillation amplitude will increase the feed-
back voltage. The increased degenerative

JUNE

feedback voltage accompanying the increased
resistance will tend to reduce the oscillation
amplitude back to the original low value.

Thus by properly proportioning all the re-
sistor values and voltages in the first ampli-
fier stage, the lamp will be operated at a
current value which will allow 1t to show a
large increase in resistance with a compara-
tively small change in current. Under these
conditions of operation the amplitude of os-
cillation of the unit will be kept quite con-
stant. Then, by utilizing the proper value of
fixed series degeneration resistor at R the
amplitude of oscillation may be kept at a
value within the class A operating range of the
amplifier tubes. The output is thus kept rela-
tively constant over a wide range of frequency,
and relatively free of harmonics.

Output Control and Power Supply

The plate of the output tube is fed into
one half the primary of a conventional push-
pull plates to speaker transformer, the audio
output of the oscillator being taken from the
highest impedance positions on the voice-coil
secondary. By thus using a comparatively
high step-down ratio in the output transform-
er, operating the oscillator into the normal
impedances from 200 ohms on up will have
almost neglible effect on the operation of the
oscillator itself. A 1000-chm potentiometer
across the secondary of the transformer al-
lows a variation in output voltage from a
few millivolts to about 5 volts to be ob-
tained.

The power supply is more or less conven-
tional and uses one section of filter with a
choke and one section with a resistance. [t

Bottom view of the oscillator. The

ten range determining resistors are

mounted upon the switch which is

directly above the two side-by-side
tubular condensers.
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supplies approximately 200 volts to the plates
of the tubes,

Construction and Operation

The unit is built upon a standard chassis
and panel and is placed into a standard cabi-
net. Note carefully that the rotor and frame
of the tuning condenser are above ground
potential and connected directly to the grid
of the first amplifier stage. Consequently it
was ftound necessary to isolate the power
supply components physically from this con-
denser, to saw the rotor shaft short and use
an insulated bakelite coupling to a metal dial,
and to insulate the frame of the condenser
from the chassis by small ceramic pillar in
sulators.

Aside from these precautions, and the one
that the unit must be operated in its shield-
ing box when in the vicinity of a high-
power transmitter, the construction of the
unit is quite conventional. It should be men-
tioned, however, that the exact components
shown (especially resistor values) be used in
the construction of the unit.  The values
shown are the result of considerable experi-
mentation and variations greater than the
normal tolerances of good-grade components
are likely to disturb the balance between re-
generative and degenerative feedback.

Testing the Oscillator

It is best to have a cathode-ray oscillo-
scope to test the operation of the oscillator
on the various frequency ranges, although a

21

good pair ol headphones can be used. The
most satisfactory test is to use both the
phones and the oscilloscope across the output.

Set the tuning condenser approximately to
the center of its range, turn the output con-
trol wide open, set the range switch to the
third or center position, and turn on the
power switch. Listen in the phones and
at the same time watch the 6-watt Mazda
lamp in the cathode of the first 6V6GT. The
lamp should come up to about one-third bnl-
liancy and then should drop back somewhat
as the oscillator starts to generate approxi-
mately a 1000-cycle tone.

Take a careful look at the waveform on the
oscilloscope to see if it is a pure sine wave.
If the tubes are normal, the resistors are not
roo far off, and the unit has been constructed
and wired carefully the waveform should be
so perfect that it 1s impossible to detect any
irregularities due to harmonic content. It
must not be thought that it is improbable that
the oscillator will start off properly at the out-
set since the unit shown and the experimental
model just preceding it operated immediately
in a satisfactory manner.

Then check the waveform and output over
the whole condenser dial and on all switch
positions. The waveform should be perfect
from about 100 cycles out to the upper
frequency limit of the unit. The frequency
of oscillation will go out of audibility some-
where between half and minimum capacity
on the highest frequency range although the
output will still be as strong and as free
of harmonics as viewed on the oscilloscope up

Rear view of the audio oscillator. The

6-watt Mazda lamp can be seen be-

tween the filter condenser and the
rectifier can.
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Figure 4. General oscilloscope patterns used in the calibration of the audio oscillator with the aid
of a cathode-ray oscilloscope. (A) Pattern obtained with 60 cycles on horizontal sweep and 120
cycles on vertical (or 50 on horizontal and 100 on vertical). (B) Lissajou’s figure showing relation of 4/3
between frequency of vertical deflection and of horizontal saw-tooth sweep. (C) Lissajou’s figure
showing relation of 4/1 between vertical deflection and horizontal saw-tooth sweep frequencies.

to the upper frequency limit of the oscillator.
I'he highest frequency that can be heard will
depend upon the reproducer (phones or speak-
er), the person’s ears, and how tightly the
laminations in the particular output trans-
former used are clamped. Most usual phones
and 1nexpensive speakers will go out of au-
dibility somewhere between 5000 and 12,000
cycles but the output transformer of the unit
shown could be heard up to about 14,000
cycles.

If the oscillations are too intense and the
waveform is distorted, it will be necessary to
decrease the resistance of R.. This will in-
crease the amount of degenerative feedback
and reduce the oscillation amplitude. Con-
versely, if the amplitude is too low or if the
unit quits oscillating at some point on some
range, the value of the degeneration resistor

The audio oscillator shown mounted in its
cabinet with the calibration chart on the top.

Ru should be increased. 1f the values shown
in the wiring diagram bave been followed care-
tully the unit should operate properly imme-
diately but if it does not it should only be
necessary to make a slight change in the value
of Ru to correct the difficulty.

The amplitude will be found to be quite
constant over all frequency ranges except the
lowest frequency ones; here the amplitude of
oscillation may vary over a range of 2 or 21,
to 1. Also, the waveform will commence to be
imperfect at the lower end of the lowest fre-
quency range—below 100 cycles. However, if
it is desired for some reason to have perfect
waveform at the extreme low frequencies, the
alterations discussed at the first of the article
can be incorporated into the unit.

Calibration

As always, the calibration of a variable-
trequency audio oscillator is somewhat of a
problem. Naturally, the most satisfactory and
least difficult method would be to check the
unit by the zero-beat method against another
audio oscillator which was already accurately
calibrated. Such a piece of equipment will
necessarily be available only to a few so that
the method described below (which, incident-
ally, was used to calibrate the one shown)
will most likely be used.

Calibrating with an Oscilloscope

If an oscilloscope having a sweep oscillator
going from about 10 to 5000 cycles is avail-
able (the one shown on page 518 of the 1940
Rapio HANDBOOK was used in our case),
the calibration becomes a simple matter of
about one-half hour’s watching of interesting
waveforms. It may sound slightly involved or
complicated in the description but it is really

[Continned on Page 74)
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Practical Jwa-Rand Ral‘afuf Beam

By FRED D.

ROWE,*

and MAX P.

W6FK,
FISHER® *

A detailed article on the construction of a combined 10- and

20-meter rotary array with an exact list of the materials re-

guired and giving an easily understood step-by-step con-
struction technique.

For the amateur with no opportunity to
erect a telephone pole to support a beam;
who instead has to work on a tar-paper and
gravel roof in a restricted space; who, being
a city dweller, is forced to conserve on weight,
physical dimensions, and conspicuousness, the
rotary beam antenna described herein will fit
both his purpose and his pocketbook.

The beam consists of a four-element 10-
meter beam in combination with a two-element
20-meter beam. Inasmuch as the type and
the exact length of the elements are a matter
of choice, as well as the method of feeding
them, no specitic preference is expressed.
Tenth-wave spacing between the elements on
both hands was used; however, by scaling
up the sizes given later. any desired spacing
may be used. This article will devote itself
to helping the amateur with the constructional
dithculties which confront him, and leaves
the electrical problems to be solved by any
of the recognized methods.

The rotary beam described below is hand-
operated or motor-driven.  Weight of the

# 136 Cole St., San Francisco, Calif.
#% 745 Fleventh Ave., San Francisco, Calif.
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wooden framework for supporting the ele-
meants, including the standott insulators, the
head for rotating, and the iron brackets for
fastening the whole unit to the mast is
approximately 40 pounds. Screws and bolts
are used throughout and the lumber can be
obtained at even the smallest lumberyard. No
machining or precision htting is required, and
anyone of even moderate ability should have
no dithculty in making the beam in his garage,
basement or spare room. For the amateur
with a workshop at his disposal, the parts
will literally fly together. The very large
number of the brethren who have been putting
off having a rotary beam to improve their
signal reports from all points of the compass
have mostly been held back on account of
two factors: first, cost; and, second, limited
facilities for a homebrew job. By following
the cook book description of the beam’s con-
struction as outlined here, Mr. Average City
Dweller will be enabled to put out signals
on his new rotary beam two-band antenna
in very short order.

The first consideration is how big should
the frame for supporting the elements be?
Using tenth-wave spacing on the two bands,
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Detailed construction drawing of the framework and the rotating arrangement.

it was found to require a frame approxi-
mately 10V feet long by 6 feet wide.

Supporting Framework

To take the fabrication of the supporting
wooden frame for the elements in pro-
gressive steps, the start is made by laying
the two pieces of 2” x 2” (FW1) parallel,
with a 4-inch space between. Then, using
the scrap from the 2 x 2’s, cut 4 blocks,
4 inches long, to go in between the 2 x 2s,
and bolt (FM4) into place. This frame
should be perfectly square. Now mount
standoff insulators (FS! & 2) on the cross
pieces (FW3), and then lay cross pieces in
position on top of the 2 x 2 frame. Adjust
these to the desired spacing required between
the elements by sliding on top of the 2 x 2
frame. When you have the cross pieces lined
up for both spacing and squareness, mark
the points of contact with the 2 x 2 frame.
(If necessary, the 10-meter elements may be
temporarily put on the insulators.) Remove

the elements, if same were placed on the
stand-offs, and then screw the cross pieces
to the 2 x 2 frame (FM6). The next step
is to fasten the ends of the cross pieces
together by butting the end pieces (FW2)
to the ends of the cross pieces, and then use
5-inch triangles cut out of either 34-inch
presdwood, or Y5-inch plywood (FW6) to
fasten these together by screwing the triangles
onto the bottom of the cross and end pieces.
Now, using the small angle irons (FM1),
bolt (FM2) the same joints together at the
top, but on the inside of the frame. Next,
using the extra piece of stock (FW3), cut
to correct size and screw (FMS5) these pieces
onto the top of the 2 x 2 frame as diagonal
cross braces. These should extend from the
end cross piece to where the second cross
piece meets the 2 x 2 frame. Now, right in
the center of the 2 x 2 frame screw (FMS5)
the two pieces (FW5) on the frame, one on
the top side and the other on the bottom.
This completes the frame.
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Bracing the Frame Internally

Looking at the bracing when completed,
it looks complicated, but in reality it is very
simple. Begin the bracing by screwing (FMS5)
the four 10-foot pieces of bracing stock (FBL)
to the bottom of the 2 x 2 frame where
the center piece or cradle ends (FW5). This
operation should be done with the frame
upside down; i.e., the standoffs on the cross
pieces should be pointing down towards the
floor or ground. The next step depends upon
the movability of these braces (which we will
now call the long diagonal braces), so do not
anchor or fasten these to the corners of the
frame as yet. Looking at the frame, and the
four braces just put on, you will see four
points where the two center cross pieces and
the long diagonal braces cross. Here a space
of some three inches exists between them.
These spaces are now put to use by springing
the long diagonal braces down against the
two center cross braces and screwing together.
If the strain seems to be excessive, modify
by inserting a % inch piece of wood between
and then screw together.

When this is completed, the long diagonal
braces will be found to be pushing down
against the four corner triangles, on the frame.
Now drill holes for the bolts to fasten the
ends of these long diagonal braces to the
triangles at the four corners of the frame.
Slip the bolts in place and fasten. Turn the
frame right side up. We are now ready to
put on the second set of braces or the short
diagonals (FB2). These are screwed on top
of the 2 x 2 frame at points where the two
center cross pieces fasten onto the 2 x 2
trame. The opposite ends are placed on top
of the corner triangles, and the same bolt
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that holds the long diagonal braces on the
bottom of this triangle slips through the end
of the short diagonal. Now, we are ready
for the last braces or "X braces (FB3).
These are put on by fastening their outer
ends to the triangles on the inside of the
two center rectangular spaces formed by the
two center cross pieces and the end pieces
bounded on the inside by the 2 x 2 frame.
Cross the two pieces to form an "X on each
side of the 2 x 2 frame, and then screw
onto the top of the 2 x 2 frame at points
where the two center cross pieces and the
trame touch.

This completes the frame and the bracing;
and here is a good point to get out the old
paint brush and weatherproof the frame.
Enamel is good. As soon as the paint or
enamel is dry, the 10-meter elements are ready
to mount on the cross pieces, and the beam
is complete for the 10-meter elements. This
brings us to the 20-meter elements.

Mounting the 20-Meter Elements

The 20-meter elements are mounted by
simply screwing standoffs underneath the
frame at desired spacings on the end pieces
(FW2). This provides approximately 10V,
feet of support for the approximate 34-foot
span of these elements. If 34 inch or smaller
diameter tubing is used, an outrigger on each
of the four ends extending another six feet
will add the much desired rigidity to the
20-meter elements. In the case of the author’s
beam, tubing of 15/16 inch diameter was
used, and the outriggers designed to eliminate
all droop at the ends of the elements as well
as to take out the play between the elements.
It was also found that with this device stand-

Frame on roof, ready to pro-

ceed with the mounting.

Mast and rotary head in the

foreground ready to take
the frame.
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PARTS AND MATERIALS
FRAME (F)
Wood
(FW)
1. two pieces 11 feet long
2. two pieces 11 feet long
3. five pieces 7 feet long
4. four pieces 10g” x Wg” .. ... ... ... 8 feet long
5. two pieces 2 feet long
6. one piece 2 feet long
Frame Braces
(FB)
1. four pieces 3" X B M G, e yasie e ek e, e T s 10 feet long
2. four pieces 337 x 347 .. ... T i A e TR o ey O AL 6 feet long
3. four PieCes 347 X 34" . e 4 feet long
Metal
(FM)
1. twelve 12" galvanized iron angles
2. fifty 25" x /8" round head galv. iron bolts, with nuts and washers
3. eight 3" x V" round head galv. iron bofts, with nuts and washers
4. four 815" x /4” round head carriage bolts, with nuts and washers
5. sixty-two heavy shank, flat headed 133" brass screws
6. eight heavy shank, flat headed 2!%” brass screws
Standoffs
(FS)
1. forty 115" standoff insulators with 14” brass bolts and lead washers
2. eighty 1”7 narrow shank round head brass screws with fibre washers
ROTATING HEAD AND DRIVE (RH)
Wood
(RHW)
1. two pieces 1057 x 107 2 feet long
2." one piece 1" x 107 2 feet long
Metal
(RHM)
1. one 14" diameter round shaft, 2 feet long
2. one 7” diameter round gear (have welded to end of shaft)
3. four 33” bolts with nuts and washers, 9 inches long
4. four 12” bolts with nuts and washers, 6 inches long
5. two 5/16” bolts with nuts and washers, 2 inches long
6. one flat ball thrust bearing
7. two cast iron pillow blocks with 14" hole
8. one piece iron 5/16” thick, 2” wide, with two 9/16” holes drilled
9. one piece iron 5/16” thick, 2” wide, bent to form clothesline pulley support with two
9/16” holes drilled
10. two 5” dia. die cast clothesline pulleys
11. cable for driving any required length, and any small pulleys for dodging
corners, if necessary
12. one pulley 114" dia. and 7” long. fastened firmly to 2" shaft
13. one 15" diameter shaft, any required tength
14. two small pillow blocks, with %" hole
15. one crank handle for turning beam
MAST ANCHORAGE (MA)
Wood
(MAW)
1. one piece 4" x 47 . 15 feet long
2. one piece 2 1A% eredrhin Al o wecw bAAR b ald I aa A PA AT Wl s PPy . . . sl 5 feet lonag
3. three pieces 2" x 2" 10 feet long
Metal
(MAM)
1. six 2” lag screws with washers
2. four 3” lag screws with washers
3. two 32" bolts with nuts and washers (9” long)
4, one quart of paint or enamel
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ard stock lengths of tubing could be used,
and the splices were within well-supported
areas. The outriggers were made of 115 x
1 Vg inch wood stock, mounted on top of the
end pieces of the frame, and extending out
six feet with a 14-inch overlap on the frame
to which they were bolted (FM3). Also by
adjusting the distance out from the frame to
where the standoff is mounted, on the bottom
of the outrigger, the elements can even be
raised slightly above level, if so desired. With
the outrigger painted and in position, the
20-meter elements can be mounted on the
bottom of the frame and the two-band beam
is complete and ready for erection.

Getting the Frame Topside

If not convenient to raise the frame to the
roof in one piece, it may be taken apart and
hauled up in small bundles on ropes. Either
method should be done with the elements off
the frame to prevent breaking of the stand-
ofts. The suggestion is made of placing the
frame on the roof, if the roof 1s fat, and
letting it stand in the weather for a day or
two until the rotating mechanism is com-
pleted. If this is done, any bolts or metal
parts will show signs of rust and can be
painted before the final raising of the beam
on the mast.

Rotating Mechanism

The simple and time-tried method of “cable
and pulley” rotation was found to be the most
economical and positive, especially where one
is working with just a few tools and a limited
pocketbook. The four essentials of this system
are: a bearing for the beam to rotate on,
a method of turning the frame, a positive
lock in any position, and heavy duty type of
construction. The bearings for the frame are
made by using a secondhand flat ball thrust
bearing to take the downward weight, and
two standard “pillow blocks™ for the side
support. The top pillow block also carries the
downward thrust of the thrust bearing.

The connection between the frame and the
rotating shaft is made by having a plate, or,
in the author’s case, an old gear wheel 7
inches in diameter and 15 inch thick, welded
to one end of the rotating shaft. Four holes
are drilled in the plate or old gear to take
the tour 34-inch bolts (RHM3) which bolt
the trame, master pulley and the plate to-
gether. When the shaft (RHMI1) has the
gear or plate on one end, slide on the opposite
end the flat thrust bearing and then the two
pillow blocks (RHMG6). As a precaution
against the beam ever lifting the shaft upward
out of the bearings, a small ¥z-inch pin was
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put through the shaft, just below the bottom
pillow block.

To rotate the beam, a large pulley was
made out of three pieces of wood (RHWI1
& 2) by cutting the two pieces (RHWI1) 21
inches long, and cleating them together with
a third piece (RHW2). This was then taken
to a local carpentry shop and sawed round
to form a round pulley 20 inches in diameter.
Thus the master pulley is completed. Next
make the two pulleys to feed the cable on
and off the master pulley by fixing two 2
inch diameter clothesline pulleys on an iron
bracket which mounts on the mast. The
bracket (RHM9) was made using a piece
of iron S/16-inch thick and 2 inches wide.
This was bent to the desired shape so that
it formed a yoke across the back of the mast
to retain the bolts which clamp the top pillow
block to the 4 x 4 inch mast. The drive
cable (RHMi1) is then wrapped one and

[Continned on Page 93}

W6EFK makes final inspection. Note detail of
the rotary head and the method of mounting
it on the mast.
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De Lure, High Output

By W. W, SMITH,* Wé6BCX

Besides delivering 7 watts of carrier, this transceiver possesses
none of the usual disadvantages of the typical transceiver now

iN COMmMOoN Uuse.

Improved performance is realized at only a

slight increase in the total cost of the installation.

Widespread interest shown by old timers
and newcomers alike in the small, battery-
powered 112-Mc. transceiver described in the
March issue of Rapro indicated that an article
on a transceiver suitable for permanent in-
stallation in an automobile would be in order.
Subsequently several circuits were tried, and
after the results with various circuits and
tubes were compared, there evolved the unit
shown in the accompanying illustration. In

“ Fditor, RADIO

Final version of the transceiver, after being
torn down and rebuilt about four times and
being subjected to a dozen alterations. The
result is a job that delivers from 6 to 8 watts
output and is a pleasure to operate.

many respects this unit is somewhat unortho-
dox.

Most of the 112-Mc. mobile transceivers
now in use incorporate either a 6J5GT, 7A4,
6PsGT, or HY615 as the oscillator. With
these tubes the output is limited to about 3
watts maximum. In fact, most transceivers
using such tubes deliver about 1Y% or 2
watts to the antenna. That more output is
not realized is due to the fact that when the
oscillator 1s loaded so as to deliver maximum
output on /ransmit, it will not superregener-
ate on recerve. Loosening the antenna coup-
ling so as to restore superregeneration on
rece/ve results in lower output on rransmit.
If an attempt is made to raise the output by
increasing the plate voltage, the tube gets
excessively hot and either “runs away” (the
plate current creeping until the tube finally
goes out of oscillation) or else does not “come
on” for several seconds when first turned on
recesve after several minutes of transmission.
If more than 200 volts is used on the plate, a
moderately high value of grid leak must be
used in order to keep the tube trom becom-
ing too warm on /ransmi. Then there is
trouble with the oscillator trying to superre-
generate on fransmit, which requires that the
feedback be reduced by means of a small
condenser from grid to ground, or by using
a very small value of grid condenser. Thus
we see that while these tubes may work well
for reception, they are not especially well
suited for use as a transceiver oscillator where
more than about 2 watts is wanted in the
antenna

The QRO Oscillator

The transceiver illustrated uses one of the
new HY-75 triodes. These tubes cost con-

o 28 o
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Ci—5-pufd. doublie
spaced midget con-

tubular electrolytic,
450 v.

denser (with Ci—10-ufd. 25-v.
mounting  bracket electrolytic
and ceramic shaft R;—2500 ohms, 5
coupling) watts
C.:—100-ppfd. small- R:—1 meg., 1 watt
est mica condenser R'f—1'(:°»°°° ohms, 2
wa
Sttt e 5100000 ohm,
w

C:—.05-ufd, tubular

condenser, 400 v. Rs, Rs—100,000-0hm

potentiometer, a.f.

C:—0.25-ufd. tubular gain taper
condenser, 400 v. R:—500 ohms, 5
Ci—8-ufd., midget watts
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Figure 1. Wiring Diagram of the High Output Transceiver.

A method of reversing the polarity of the modulating voltage is illustrated at figure 1-A.
An ordinary d.p.d.t. toggle switch is used.

R~~—150,000 ohms, 1 rotary switch
watt S:—S.ps.t. toggle

R.—50,000 ohms, switch
linear (voltage di- T.—Transceiver trans-
vider) taper former: plate and

Ri—7500 ohms, | s.b. mike to single
watt grid

RFC—Midget u.h.f. T-—Universal output
chokes transformer: 14 -

]—Open circuit jack 000 ohm c.t, pri.,
(a closed circuit adjustable voice
jack will short the coil winding
microphone bat- PMD—Small p.m. dy-
tery) namic speaker

Si—4-pole 2-throw L—See text

siderably mdre than a 7A4 or 6]5, but are
ideally suited for oscillator use in a trans-
ceiver. They have a u of 10, which is about
optimum for use as an ultra-audion oscillator.
as no provision need be made to reduce the
r.f. feedback to prevent superregeneration
when transmitting. They are not microphonic,
and are husky enough that a respectable
amount of input may be run with the tube
just loafing. The only possible disadvantage
to the use of an HY-75 is its greater filament
power (2.75 amps.), and greater cost.

Built around an HY-75 oscillator, the trans-
ceiver illustrated works so much better than
the average transceiver that the slightly great-
er cost is more than justified. Some of the
advantages are as follows:

1) Will still superregenerate on rece/ve
when the antenna coupling is adjusted for
maximum output on transmit (approximately
7 watts output when fed from a 300-volt vi
hrapack).

2) Has more than sufficient gain to drive
a p.m. dynamic speaker to full volume.

3) Does not exhibit “backlash™ in the re-
generation control (point at which the set
goes Into superregeneration on rece/ve).

4) Is not objectionably microphonic. Can
be used with the car in motion—both trans-
mit and receive—if a rigid antenna is used.

5) Gain controls both for microphone and
receiver, each operating independently.

6) High modulation capability in a posi-
tive (upward) direction.

7) No "hash” in microphone circuit as 1s
common when mike voltage is taken from
the auto battery. No need for frequent re-
placement of microphone battery.

8) Several components (such as mike bat-
tery and speaker output transformer) do
double duty, thus minimizing number of
components.

9) No tendency towards motorboating or
instability when both microphone and receiver
gain are run “wide open.”

10) Not critical in adjustment; requires no
juggling or fussing with values for proper
functioning.
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Modulator Coupling Innovation

An unusual feature is the use of the speaker
output transformer as a modulation trans-
former. This not only eliminates the need
for a modulation choke, because a speaker
transformer is required anyhow, but permits
a phase reversal of the modulating voltage
applied to the oscillator. This is desirable be-
cause a single-ended beam tetrode operated
slightly over-biased to cut down plate current
will deliver nearly twice the rated a.f. output
for a given plate voltage if about 20 per
cent 2d harmonic distortion can be tolerated.
This degree of distortion would not be per-
missible on music. but docs not noticeably
atfect the intelligibility of speech. The impor-
tant thing 1s to apply the modulation to the
oscillator phased so that the "flattening” by
the modulator lops oft the wregative peaks.
With ordinary Heising modulation in which
a choke (not center tapped) is used, this re-
sult is not obtained; the positive peaks are
flattened off first. By using a center-tapped
choke, not only is the core saturation reduced
(thus permitting the use of a smaller choke),
but the polarity of the af. output of the
single-ended modulator is reversed before be-
ing applied to the oscillator, the phase then
being that desired. The output transformer
T, simply acts as a center-tapped choke on
transmit, the voice coil winding being opened.

This transformer may be most any output-
to-dynamic-speaker transformer designed for
push-pull pentodes, or may he one of the
new adjustable ratio output transformers. The
impedance match to the voice coil is not
critical, and it may oft as much as 2/1 with
no etfect except a shight reduction 1in maximum
available volume from the speaker.

The primary winding should be rated to
stand about 40 ma. or more. The actual cur-
rent drawn will be about 50 ma. on one side
and 30 ma. on the other when transmitting
(assuming a 300-volt plate supply). As the
unit will seldom be used on transmit tor long
periods of time, a slight overload on one half
the winding will not cause the transformer
to heat excessively. A midger, adjustable voice
coil winding transformer rated at 36 ma. has
given no trouble in the unit ilustrated.

The sheet that comes with the transformer
cannot be used to determine direct!y the cor-
rect voice coil tap, even if the voice coil im-
pedance is known. It can be calculated from
the sheet as tollows, however. Multiply the
voice coil impedance (usually 4 or 6 ohms
for a small p.m dynamic) by 2, and taking
this new value as the inpedance of the voice
canl, refer to the chart to see what taps re-
tlect a 14,000-ohm plate-to-plate (entire pri-

mary) load for this value of voice coil (8
or 12 ohms).

It is just about as quick to dectermine the
proper tap by ear, trying different taps until
maximum volume is obtained. The matching
of the voice coil has no effect whatsoever on
the matching of the 6V6 as a modwnlator, as
this is automatically taken care of by the
center-tapped primary.

Avoiding A.F. Feedback

Most transceivers that incorporate a stage
of a.f. ahead of the modulator or power out-
put tube have a tendency toward a.f. feed-
back (motorboating or howling) when the
gain is advanced very far. This is a result of
running leads from both the input of the
speech stage and the output of the power
stage to one set of contacts on the send-re-
ceive switch. Shielding these leads does little
good, because it is impossible to shield the
switch contacts from each other so long as
they are on the same switch. This small
amount of capacity coupling between the
switch contacts is suthcient to cause a.f. feed-
back when much gain is used.

A simple way to cure this feedback when
a split choke or transformer is used for
coupling the modulator is by means of ca-
pacity neutralizing as shown in the schematic
diagram. A piece of hookup wire is soldered
to the opposite end of the transtormer primary
and twisted around the lead running from
T, to S,. At the switch, the end of the free
wire is adjusted with respect to the wire
from T, (thus varying the capacity between
them) until is possible to run the gain “wide
open” both on transmit and receive without
a.f. feedback. Occasionally the motorboating
or squeal may be cured simply by reversing
the leads either to the secondary or high
impedance primary of T,, thus making the
feedback degenerative instead of regenerative.
However, this does not always work, in
which case the twisted “neutralizing lead”
will be required.

The dual volume controls may appear to
some as an unnecessary rehnement, but prac-
tice has shown the desirability of being able
to adjust hoth the receiver gain and the mi-
crophone gain independentiy.

Voice Polarizing Switch

In figure 1-A is shown a simple means of
incorporating a d.p.d.t. toggle switch to re-
verse the microphone polarity. This optional
refinement is included for those who are con-
cerned with voice wavetorm asymmetry. With
most male voices, slightly heavier modulation

[Continned on Page 82)
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The recent introduction of wider-range vari-
able crystals has made a direct crystal-con-
trolled v.f.o. unit capable of covering a wide
frequency range an economical possibility.
These new crystals are 80-meter units having
a fundamental frequency variation of approx-
imately 12 kc. with ranges of two, four and
eight times this amount when their frequency
is multiplied into the 40-, 20- and 10-meter
bands, respectively.

Since these new crystals have the relatively
high temperature coethicient of 50 cycles/°C./
Mc. it is imperative that the crystal oscillator
stage bc designed to have an absolute mini-
mum of crystal current. The use of one of
the wide-range crystals in a relatively high-
power crystal stage such as is commonly used
with low-drift crystals will almost certainly
result in a great deal of frequency drift. As
the crystals require a low-power oscillator, and
since their wider range makes them suitable
for crystal-controlled v.f.o. use, their logical
application is in an operating-desk exciter feed-
ing the transmitter through a link.

The Circuit

The diagram of the crystal-controlled v.f.o.
is given in figure 1. From this diagram it may
be seen that a “hot cathode” type of oscillator
is used, the screen acting as the anode for the
oscillating portion of the tube. Electron-stream
coupling to the plate of the 1852 provides
either fundamental or harmonic output in the
plate tank L,-C, which covers the 80- and 40-
meter bands. The circuit constants are so pro-
portioned that the excitation to the crystal is
the minimum required for reliable operation,
thus keeping the crystal current to a minimum.
The use of an 1852 as the oscillator tube is
another feature which helps to stabilize the
oscillator, since this type of tube has such
high transconductance that a very minimum
of excitation is required for full output.

Two crystal sockets on the sloping panel
allow the use of two variable crystals for
covering a wider range of frequencies. Al-
ternatively a single variable crystal may be
used in one of the sockets and a fixed crystal
in the other. The latter crystal may have a
fundamental frequency in the 160,- 80- or
40-meter bands.  With either 80- or 160-
meter crystals, the output circuit may be
tuned to 80 or 40 meters. When a 40-meter
crystal 1s used the output frequency is limited
to 40 meters since the output tank circuit
covers only the 80- and 40-meter bands.

31

Switching

The v.f. crystal oscillator is provided with
two sets of terminals at the rear of the cabi-
net for keying the relay-control purposes.
Keying is accomplished directly in the cathode
of the 1852. The terminals for the relay allow
the transmitter to be controlled by switch
S., which is on the panel of the exciter. This
switch is a double-pole single-throw type
which shorts the keying contacts and closes
the transmitter relay circuit when it is thrown
to the “on” position. The crystal switch, S,
may also be used to control the transmitter by
switching it to the center open position. This
requires that the stages following the exciter
be biased so that their plate current does not
rise unduly when excitation is removed.

Output Indicator

A novel feature of the v.f. crystal oscillator
is the use of a GUS tuning “eye” tube as a
direct output indicator in place of the usual
meter. The triode section of the 6U5 is
coupled to the output tank through a small
coil and the rectified r.f. is made to open the
eye. Tuning the output tank to resonancc in-

“ D7

o

sapome o8-8

s L, 1onies
.
i - “wt

5_‘§ o & .o
” R

}.’«\-‘-

P -

This small cabinet houses the oscillator and

its power supply. The large knob at the cen-

ter of the panel tunes the output circuit to

cither 80 or 40 meters. Crystals are plugged

into the panel, where they are available for
quick change or frequency shift.
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Diagram of the V.F. Crystal
Exciter.

Figure 1.

Ci—140-pufd. mid-
get variable
C:—.000015-pufd.

watt
R+—200,000 ohms, 1
watt

mica Ri—1 megohm, 15
C~—.01-pfd. 400- watt

volt tubular RFCi, RFC:, RFC:—
C:—.01-ufd. mica 2l mh. r.f. choke
C:—0.1-ufd. 400- §_Spst toggle

volt tubular switch

Cs—.00015-pfd. mica

C:—.01-pfd. 400 -
volt tubular

Cs, Cr—q-ufd. 450-
volt electrolytic

Cii—0.1-ufd. 400 -
voit tubular

R1—20,000 ohms, 4
watt

R:—150 ohms, 1 watt

R+—20,000 ohms, 1

S.—D.ps.t, toggle
switch

S:—Three-position
tap switch

Li—30 turns no. 22
d.c.c. closewound
on 17 dia. form

L:—3 turns no. 22
d.c.c. at cold end
of L.

L.—3 turns no. 22

watt d.c.c. below L:
R1—100,000 ohms, 1 T—500 v. ect., 50

watt ma.; 5v., 2 a; 63
Rs—30,000 ohms, 2 v., 1 a.

watts CH—10 hy., 50 ma.
Rs—10,000 ohms, 1 F—2-amp. fuse

watt X1, X:— Variable or

R:—100,000 ohms, 1

fixed crystals

volves merely tuning for greatest opening of
the shadow on the tube target.

The self-contained power supply is of the
simple brute-force filtered type employing a
single choke and two 4-ufd. electrolytic con-
densers. The transformer may be of the
midget broadcast variety,

Transmitter Coupling

The output available at the transmitter end
of the link is slightly under 3 watts on both

80 and 40 meters with 80-meter crystals. This
same amount of output is also obtainable on
40 meters when crystals having a fundamen-
tal frequency in that band are used. The 80-
meter output when using 160-meter crystals is
again around 3 watts, but the 40-meter output
from a 160-meter crystal will be somewhat
reduced. When using a 160-meter crystal care
must be taken to be sure that the output cir-
cuit is not tuned to the third instead of the
second or fourth harmonic of the crystal.
The 3 watts of output from the exciter is
sufficient to excite practically any present
crystal stage in the transmitter, and in many
cases will be found to be great enough so
that the v.f. exciter can replace the present
crystal stage. Normally the transmitter's pres-
ent crystal stage will be operated as a doubler
with link coupling from the exciter. The sock-
et formerly used to hold the crystal can then
well be used to mount a tube-base type coil
acting as a grid tank. The grid tank may be
made quite low C and consequently have a
broad resonance characteristic to allow a large
amount of frequency shift without retuning.

Radioddities

The 160-meter band is the only one which
is an odd number of kilocycles wide.

U. S. hams occupy a total of 18,485 kc. of
radio spectrum. Approximately one-third of
this territory is taken by the 1Y4-meter band
alone.

Phone operation is permitted in over three-
quarters of the total ham spectrum.

Switching from the lowest to the highest
amateur frequency represents a frequency
change of over 230 to 1.

Radio shield “experts” will be interested to
know that at the other ends of the tremendous
band of vibrational phenomena, shield mate-
rials take odd forms. Lead is used against
radium rays, while glass will shield the ultra
violet.

If human eyes responded to radio waves
and ordinary light did not exist, eyeglasses
would be made of paraffin.

Lately it has been the practice of the F. C.
C. not to assign three-letter broadcast calls
“except in cases where ‘good will’ has attached
to the use of such existing call letters.”

2000 and 4000 kc. are the only top-edge
ham frequencies whose harmonics also mark
the lower edges of higher-frequency bands.
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An Al-Purpode

By J. E.

STRIKER, *

1l

WEMOV-W60PGC

A description of an all-band portable transmitter with self-con-
tained modulator and power supply and having provision for
genemotor operation when at a distance from an a.c. line.

After building a number of portable trans-
mitters and having them sit on the shelf until
a field day came along or the big rig failed
during a QSO, the thought came to mind that
for just a few cents more a portable could be
constructed so that it would be adaptable as
an exciter unit for both audio and rf. The
average r.f. power output of a portable is
comparable to that of the average buffer stage.
By the same token the audio power output of
the portable’s modulator is about the same as
the conventional class A driver stage in a
larger transmitter. In order to conserve space,
but still meet all of the necessary requirements,
including d.c. adaptability, the transmitter
shown here was decided upon.

With cost in mind, it was decided to use
6L6’s for the final r.f. stage and also the
modulator. Inexpensive tuning condensers are
used in the exciter section and a single-button
microphone is used instead of the usual
crystal. However, an extra octal socket was
installed so that if at some future time it was
decided to use a crystal microphone it would
be a simple matter to wire up a high gain
speech ampliter (see figure 1A).

The power transtormer chosen delivers 400
volts d.c. under load. The uncased type chokes
tor both filter and modulator were chosen due
to their compactness. A GAG oscillator was
decided upon as a suitable exciter, with the
second triode as a trequency multiplier. Ample
excitation is supplied to the 6L6 (4 ma. under
load) with only 150 volts on the 6A6. The
6L6 operates straight through and is neutral-
ized. The only time it is necessary to double
in the 6L6 is for 5-meter operation. A 40-
meter crystal is used for both 5 and 10 meters,
as the second triode of the 6A6 quadruples
quite nicely from 40 meters to 10.

* 1655 Everett Ave,, San Jose, Calif.

For a.c. operation S, connects the heaters to
the flament transformer and for d.c. the same
switch is placed in the other position connect-
ing the heaters to the Amphenol socket in the
rear of the chassis. The input side of the filter
choke is also connected to another prong in
the same socket so that a single cable from
an external d.c. supply need merely be in-
serted. Unfiltered d.c. may be applied to the
choke; external filter will be unnecessary since
CH: and C,; offer ample filtering action.

In order to use the r.f. section for a crystal
and buffer, and at the sanie time use the audio
section as a speech and driver, S; is placed in
the c.w. position. The voltage applied to the
6LG final amplifier is now unmodulated d.c.
The plate of the 6L6 modulator is brought
aut to another Amphenol socket into which
a cable may be inserted, coupling the 6L6 to a
class B audio amplifier. With the proper
choice of tubes it is an easy matter to run 400
watts input to an external final amplifier with
all of the necessary drive from the portable.

The main transmitter at W6MOV uses a
pair of 35-T's in the final, modulated with an-
other pair. Ample drive was obtained trom
the portable’s audio section to drive the class
B stage to full output and at the same time
to furnish enough rf. excitation to the final
amplier to operate at 350 watts input. In
coupling to the primary of the 35-T driver
transformer . 1.0-ufd. condenser was used us
shown in higure 3.

Tuning Up

It is advisable to tune up the transmitter on
10 meters first. Insert the 40-meter oscillator
cotl, 40-meter crystal, 10-meter multiplier coil
and 10-meter final coil. Be sure that S: is
in the multiply position. Adjust oscillator tun-
ing condenser Cy for maximum output as indi-
cated by maximum grid current to the multi-

33 o
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RADIO
= & T . oSTRAIGHT THRU 1
s Ly
P2
3
Rs :: Cy7
T & Ky -
C|:T M

Cw.

®3,

6L6

CHz

T2

Sa

Wiring diagram of the portable transmitter.

‘Qt\(“:no V.AC.

R+—10,000 chms, 20 RFC—2.5-mh. 125 -

Figure 1.

Ci, C: Cu Ci Ci— Cii—10-ufd.  50-volt
01-utd. oil-imp. electrolytic
metal-case vibrator Ci;—8-ufd. 500-600
condensers volt paper or oil

Ci—3-30-pupfd. mica Cii—.002-pufd. mid -
trimmer get mica

C:—50-pufd. midget Ci:—200-ppfd. mid-
variable get variable

C.—100-pufd. mid- Cin—2-putd. 450-volt

get variable
C.—.001-utd. midget
mica
C—.006-ptd.
get mica
C.i—Twisted hookup
wire or 3-30 putd.

mid-

electrolytic

Ri—15,000 ohms, 1
watt

R:—25,000 ohms, 1
watt

Ri, Ri—75 ohms, 1
watt

mica trimmer with R:—25 ohms., 10
screw removed watts

Ci=—100-putd. per R—3500 ohms, 10
section split stator watts

C1—.005-pfd. 1000-

volt mica

Ri—15,000 ohms, 1
watt

watts ma, r.f. choke
R:—15,000 ohms, 10 Ji—Closed circuit
watts keying jack

R1—~50,000 ohms, 20
watts
R —600
watts
R1:—50.00 ohms, 25

watts
Si, S:—Mult..straight
through switch
S;—Meter switch
S—A.c. line switch
Ss—Plate power
switch
Si—A.c.-d.c, filament
switch
Si—~—Phone-c.w.switch
Ss—Amplifier plate
switch
S+—Mike
switch

ohms, 10

battery

J.—Open circuit mike
jack
Js—Closed circuit re-

mote jack
T.—1000 v. c.t., 250
ma.
T:—6.3 v. 3 awy 5 v.
3 a

T:—Single-button
mike transformer
CH);, CH—8-hy. 150-
ma. choke
Coiils—See coil tabie
P1—Pilot lamp, 6.3 v.
P.—6.3 v. ant. tun-
ing lamp
M—0-100 d.c. mil-
liammeter

plier section (second triode of 6A6). If, after
removing the plate voltage. the oscillator does
not start readily, move the rotor slightly
toward the low capacity side. With the re-
generation condenser C; about S0 per cent
engaged adjust the multiplier section tuning
condenser C: to resonance. This will be in-
dicated by maximum grid current to the 6LG6.
Gradually increase the capacity of C; until an
optimum position is reached. This will be

when the maximum output from the multiplier
section is obtained without self-oscillation be-
ing present. After each adjustment is made
on G, it will be necessary to readjust C; and
Cs slightly. After these three condensers are
adjusted remove the crystal to see if there is
any self-oscillation in the multiplier section
and if so reduce the capacity of C, just below
the point of self-oscillation. After these ad-
justments are properly made there should be
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1940

STAGE WINDING 160 |
Oscillator No. of turns 50
L Size of wire 1 26
Spacing of turns none
Space btw, L and L: .25”_
Multiplier No. of turns 65
Grid Wire size 28
Lo SLacing of turns - none
Multiplier No. of turns |
Plate Tap from top of coil
Ls Wire size |
Spacing of turns |
Space btw. L; and Lo i
A_mpliﬂer No. of turns |
Grid Wire size
Ly Spacing of turns ‘
Amplifier No. of turns 45
Plate Wire size I 20
Ls Spacing of turns | none

COIL DATA

form and will be of a lower loss than bakelite.

excellent base for homemade low-loss coils.

All oscillator coils are wound on Bud Senior forms.
except the 10-meter multiplier which is wound on a Hammarlund CF-5-M type.

except the 10- and 5-meter coils which are air wound and self-supporting. A piece of lucite makes an

35
80 | 40 20 [ 10 3
29 16 |
22 18
none none |
.37 47|
35 | 18
26 } 24
none none |
33 24 | 13 8
18 13| 7 4
18 18] e 18l
none none wire diam.
.3 257|257 A7 |
32 17 14 8
26 24 | 20 20 |
_none none wire diam. I
32 18 14 _A’?“| 3
20 18 18 I 10 | 10
none wire diam. air wound self-supporting
Multiplier coils are wound on Bud Junior forms
This is an isolantite
Amplifier plate coils are wound on Bud Senior forms
Just salvage a 5-prong tube and use the prongs from it.

about 5 ma. flowing in the grid circuit of the
G6L6.

At this time it would be a good thing to
check the frequency of the multiplier to be
sure that you are actually quadrupling from
40 to 10 meters and not picking up some other
harmonic. C: should be about 40 per cent en-
gaged when tuning to the middle of the 10-
meter band. It will be found that even though
regeneration is used in this circuit there is no
evidence whatsoever of frequency instability.
The regeneration control need never be ad-
justed again after this initial setting. For rea-
sons unknown to the writer an RCA GAG6
seemed to be the only tube of this type that
would function properly on 10 meters. Neu-
tralize the 6L6 in the conventional manner
and everything is in readiness for 10-meter
operation. For 5 meters merely double to 5
by replacing the 10-meter final coil with the
5-meter coil.

S: and S.

S: and S: are ganged together, the reason
being that the total resistance of R, and R. is
the grid bias for the second triode when S,
is in the multiply position. When S, is in the
Straight through position this total resistance
then becomes the grid resistor for the GLG.
The resistor bias requirement for the second
triode of the 6AG 1s greater than that of the
6L6 so a portion of this resistance is shorted
out with S, when S, is in the straight through
position. This portion is 25,000 ohms, R..

Meter Switching

When S is in the multiply position, position
no. 1 on S; reads grid current to the second
triode of the 6AG. Position no. 2 reads grid
current to the 6L6 and position no. 3 reads
plate current to the 6L6. When S, is in the
straight through position there will be no read-
ing in the no. 2 position. The no. 1 position

——6C86——
C21 C22
(L l —l | TO 6L&
> S: E E: GRID
TLEER;. ing CR1s  ZRia
IC. r‘
Raof™ C’I-TI c.';|" R : Lan
_l_ [
= +6
Figure 1A. Circuit of optional two-
stage speech amplifier to feed 6L6
modulator from a crystal microphone.

Cis, C:0—Dual 4-ufd.
450-volt electroly-
tic

Co1, Cuo .01 - ufd.
600-voit tubular

C23, C2i—Dual 10-ufd.
50-volt electrolytic

R1:—750,000 ohms,-1

watt

R:s—10,000 ohms, 1
watt

Ryir—500,000 ohms,
1 watt

www americanradiohistorv com

Ric—1500 ohms, V4
watt

R;: — 750,000-0h m
potentiometer

R:5—500,000 ohms, 1
watt

R1c—10,000 ohms, 1
watt

R:—1,500 ohms, 14
watt

R21—2 megohms, V4
watt
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TO PLATE OF 6L6 AND STATDA TO PLATE OF 6L6 AND STATOR
TO GRIDS
CLASS B
STAGE

TO STATOR
Ls =~ 5,10,20 M. COILS

TO STATOR
L5~ 40, 80,160 M. COILS

Figure 2. (A) Prong 1 is strapped to prong
4 connecting the neutralizing condenser to the
opposite end of the coil from that connected
to the plate. The coil itself is wound between
prongs 3 and 4 thereby placing the tuning
condenser in the split-stator position. The
effective tuning capacity will range from 3
upfd. to about 50 puufd. (B) Prong | is strap-
ped to prong 5 connecting the neutralizing
condenser to the opposite end of the coil from
that connected to the plate. The coil is
wound between prongs 4 and 5, and prongs 2
and 4 are strapped. This arrangement places
the tuning condenser in the parallel position
with a maximum capacity of 200 pufd. and
a minimum of 12 uufd.
[

will now read grid current to the 6L6 with no.
3 reading the plate current.

When operating straight through on the
fundamental frequency, the second triode
(multiplier section) is not in use. All tuning
adjustments are made in the conventional
manner. When operating on twice or four
times the crystal frequency the procedure to
follow is the same as that outlined for 10
meters except that it will not be necessary to

Method of connection for using the

Figure 3,

audio section of the transmitter as a speech

and driver unit for a medium powered class B
stage.

make any adjustments on the regeneration
control Co. On frequencies lower than 28 Mc.
it is quite poussible to obtain too much excita-
tion to the 6L6. In that event detune the os-
cillator or frequency multiplier condensers
slightly until the proper amount of grid cur-
rent flows, about 4 ma. The dissipation of the
6AG will not be exceeded in doing this due to
the low plate voltage applied to the tube.

If a crystal microphone is desired it is well
to remember that adequate shielding is neces-
sary. A small shield can should be mounted
around the microphone jack and a 2-megohm
grid resistor, Ra, placed inside the shield can.
Shielded wire should be used to the grid cap
on the top of the 6C8G tube as well as all
other long leads, such as those leading to the
gain control, etc. Also use a shield between
the speech and the r.f. sections. Sometimes it
will be necessary to place r.f. chokes in the
first and even sometimes the second grid of
the 6C8G. It is also well to shield the gain
control.

Front view of the all-purpose portable transmitter. The white reference
dots behind the control knobs were made by spotting a shallow hole with a small
twist drill and then filling the hole with heavy white paint.

Figure 4.
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1940

Figure 5. Rear view of
the unit showing coil
placement and the loca-
tion of the baffle shield
between the oscillator
and amplifier stages

Illustrations

Figure 4 shows the front view with all of
the tuning controls. The white dots above the
bar knobs were made by drilling smzll holes
about 1/32” deep and filling them with thick
white paint. The lettering was dome with a
rubber stamp set. A set of rubber stamps may
be purchased at the five and dime store for iU
cents. The pilot light on the right is the an-
tenna tuning and modulation indicator and the
one on the left the filament pilot.

Figure 5 is the rear of the transmitter The
tlament transformer is on the left with the
antenna condenser and coil directly in back of
it. Just to the right of the antenna coil is the
final tank coil, with the final tank condenser
and 6L6 adjacent. To the right of the shieid

Figure 6. Under-chassis
view of the portable
transmitter.

can be seen the multiplier coil form and its
tuning condenser directly behind it. To the
right of this is the oscillator coil form. The
oscillator tuning condenser cannot be seen be-
hind this coil. Between these two coils and
slightly forward is the 6A6 and directly in
front of that the filter condenser. The power
transformer is on the right, and in back of it
may be seen the 6L6 modulator and the 6C8G
speech amplifier (6C8G in shield can). The
SZ3 rcectifier is on the extreme right and
hides the gain control. The 6L6 final ampli-
fier switch, Ss is just to the right of the fila-
ment transformer. Along the rear of the
chassis, in the vertical edge, are from left to
right, the a.c.-d.c. toggle switch S, a.c. socket,

[Continned on Page 92]
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This concentric-line oscillator with a 75T
gives good stability and a quite reasonable
power output on the 215 -meter band.

A 100-WATT RESONANT LINE
112-MC. OSCILLATOR WITH A 75T
The accompanying photograph and diagram

illustrate a concentric line controlled 112-Mc.
oscitlator using a 75T, which will put out ap-
proximately 100 watts of stabilized r.f. on any
frequency in the 112-116 Mc. amateur band.
A short concentric line, which is resonated to
the operating frequency by means of a 35-
pufd. midget variable, acts as the frequency
determining element, while the output power
is taken from a self-resonant coil in the plate
circuit.

The concentric line itself is 12 inches long
and 274 inches inside diameter (3”7 o.d. with
1/16” wall), and the inner conductor is
13V, inches long and 3/4 inches in diameter.
Both pieces which make up the line are cut
from standard lengths of thin-wall copper wa-
ter pipe. To make up the line first the inner
conductor is soldered to the center of a piece
of 20-gauge copper sheet about 3145 inches
square with the aid of a small alcohol torch

and a soldering iron. Then the outer conduc-
tor is slipped over it and also soldered in
place. Considerable heat is required to do the
soldering, hut if the work is placed on a block
of wood as insulation, a small alcohol torch
and a conventional electric soldering iron will
do the job quite easily. The wood will be
thoroughly charred when the work is finished
but it will have served its purpose. Asbestos
would probably be hetter but wood will be
satisfactory.

A hole is drilled in both the inner and
the outer conductor 2Y; inches up from the
base on the line. Then another hole is drilled
in the center of the base so that a wire may
be run through it, through the inner conduc-
tor, and then through the hole 2V4 inches up
through both the inner and outer conductor
to connect to the grid of the tube. This wire
is by-passed immediately to ground and one
side of the filament of the 75T as it leaves the
base of the line.

The plate coil consists of three turns of no.
12 wire 1Y4 inches in diameter and 2 inches
long. The upper end of this coil is by-passed
to the concentric line by means of a .0001-pfd.

Semi-schematic of the 75T 112-Mc. oscillator.
Ci—35-pputd. midget
variable

C—.0001-ufd.
5000-volt mica

Cs—.003-ufd. midget
mica

C—.0005-ufd. 1000-
volt mica

Ri—5000 ohms, 10
watts

Li—Concentric grid
line—sece text

L.—Resonant plate
coil and link—see
text
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5000-volt mica condenser. This plate coil was
found to resonate over the entire 2V5-meter
band with the plate-to-ground capacity of the
75T and the distributed capacity of the
circuit.

With the circuit constants shown the grid
condenser will tune the oscillator to the cen-
ter of the 2V5-meter band when it is about
half meshed. About 30° rotation of the con-
denser will cover the band. Approximately
100 watts output may be obtained from the
oscillator at 1250 plate volts and at a plate
ethiciency of 50 to 65 per cent.

20-WATT PARALLEL-RO
224- MC OSCILLATOR WITH HY75 S

The unusual push-pull parallel-rod oscilla-
tor shown alongside has proven to be quite a
satistactory source of power for experiments
in the 1Y4-meter amateur band. A parallel-rod

Semi-schematic of the 20 to 25 watt 224-Mc.
oscillator.

Ly Lz

+B

HY 75

FILS.

CAPACITY i
CHASSIS = =2
=

C:—.003-pfd. midget lel-rod line

s L——2 turns 34" dia.,
Ri—5000 ohms, 10 1" long

tt:

it RFC—6 turns hookup

L.—Halt-wave paral- wire, 14" dia.

A 224-Mc. oscillator of good power output
using the new HY75's.

line is used as the frequency controlling ele-
ment and a small self-tuned coil is used in the
plate circuit. The resonant line is made up of
two 74 inch, thin-wall copper pipes spaced
7 inch, 9V inches long overall, and con-
nected together bhoth at the top and bot-
tom to act as a half-wave line instead of the
more common quarter-wave arrangement. The
base for the line is a piece of 20-gauge sheet
copper 134” by 4” which is mounted above
the 9%%” by 5 by 114” chassis by means of
one-half inch standoff insulators.

The capacity to chassis of the copper base
plate acts as a by-pass for the center of the
parallel-rod line. The copper plate can be
proven to be acting normally as a by-pass
since its center will be quite cold to r.f. One
of the standoffs which supports the copper
plate is of the feedthrough type and has the
grid leak connected hetween its lower end and
the grounded side of the filaments of the
tubes.

The power output of the oscillator as shown
is 20 to 25 watts with 450 volts on the plates
of the tubes. The plate efficiency is approx-
imately 40 per cent with the half-wave line
in the grid circuit as shown. The plate effi-
ciency was somewhat less than this until the
original quarter-wave grid line was replaced
with the capacity-shortened (grid-to-ground
capacity) half-wave line.

e 39 o
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A eomacl

By WILLIAM J.

During two years of experimenting on low
power portable mobile units the writer wished
for a small, compact transmitter which could
be placed in any convenient corner of any
part of the car, even including the glove
compartment. Finally, the little "High Power
Midget” was developed. In every way results
are equal to those obtained with previous,
more bulky models.

The total drain from the battery is only
9 amperes, including that of a 300-volt 100-
ma. vibrapack and all heaters. The 7F7 tube
is a single-ended duo-triode of loktal con-
struction, designed especially for use as a
phase inverter or as a voltage amplifier. The
plate and grid of each triode section are
brought out separately, thus permitting adap-
tations to special citcuit requirements. The
7F7 tube is the nearest loktal counterpart of a
6N7. This was put to work as a crystal oscil-
lator and doubler.

#1817 Colegrove Ave., Montebello, Calif.

I

DRIML,*¥ WE6NAT

The 7C5 tube is a beam power amplitier
which provides high power output with low
heater drain. The electrical characteristics
and applications are similar to those of the
type 6Vo6.

Construction

The transmitter is built upon a standard
manufactured chassis measuring 4” x 8” x 2",
All tuning condensers and meter jacks are
placed in front of the chassis, making very
convenient tuning and metering of the trans-
mitter.  Because of the unusually compact
construction, it will be found best to mount
and wire the components in the order to be
given.

The oscillator-doubler tube is mounted one
inch from the end of chassis. The type
sockets that were chosen can be held in
place by means of a mounting ring, and
take up but little space when so installed.

The crystal coil, wound on 34" bakelite
tubing, is mounted under the chassis with
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bile transmitter will fit
in the glove compartment
of most cars. It uses the
new loktal tubes.
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7C5

Cs, C1—.001 -pfd. watt

Ty 7Cs T2
J i +B, o8
Ja A
coLoY
“A_HOT®
= X
T
Schematic Wiring Diagram.
C;, C:—50-pufd. ul- midget mica R;—10,000 ohms, 1 Ti—Midget micro-
tra midget vana- Cii—10-ufd. 25 v. watt phone transformer
c b‘ess electrolytic Ri—450 ohms, 5 T:—Midget modula-
g—25-pufd. ultra . _ watts tion transformer,
midget C€i:—0.25-ufd. paper R:—10,000 ohms, 1
. tubular 1-1 or preferably
Ci—.001-ufd. midget R 1000 h . watt slight step-up rati
mica o ohms, V3 RFC—2.5 mh. mid- ¢ poup rane.
C5—.00025-ufd. mid- watt get r.f. choke onnect so d.c. in
get mica R=—75,000 ohms, !, 1, )2y Jo—Closed cir- windings buck,

cuit midget jacks thus reducing core

midget mica
C:—.0001-pfd. mid-
get mica
Co, Ci10—.001 - pfd.

R;—1500 ohms, 15
watt

R+—75,000 ohms, 14
watt

(): must be insul-
ated from chassis)

J]—Open circuit mid-
get jack

saturation,
B—3-volt microphone
battery

X—7-Mec. crystal

spade bolts, and screwed down to the side
of the chassis in back of the oscillator tuning
condenser. By soldering the cathode resistors
and the by-pass condensers first, it is pos-
sible to avoid the difficulty that will be ex-
perienced if an attempt is made to solder
them in after the oscillator tuning condenser
is mounted.

Right in back of the oscillator tube is the
socket for the crystal; directly underneath
this socket is the microphone input jack.
The final amplifier socket is next with by-
pass condensers placed as illustrated. The
modulator socket and associated parts then are
wired, with the meter jack put in place and
soldered to the cathode resistor of the modu-
lator tube. The last things to mount and
wire are the microphone input transformer
and modulation transformer. All of these
units are comfortably placed under the chas-

sis, with ample working room if directions
are followed carefully.

The doubler coil 1s wound with no. 14
enamel wire and mounted on polystyrene
through-panel insulators and soldered firmly
in place. The final tank coil is mounted
exactly as the doubler coil, with thrcugh-
panel insulators. The antenna link coil then
is mounted on the cold end of the final coil,
one side grounded to chassis and the other
going through a panel insulator to an auto
antenna connector on the side of the chassis.

The microphone battery is a small “air-
plane” 3-volt type and is mounted on top
of the chassis directly in back of the final
amplifier tube. A larger, external battery will
give somewhat better battery economy.

One lead is grounded to chassis and the
other lead runs through a rubber grommet
connected to the microphone jack. The mi-
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While it looks as though
the parts and wiring
were “poured in,”” no
difficulty will be experi-
enced if the components
are mounted and wired
in the recommended or-
der.

crophone can be any good single-button type.

A four-prong socket mounted on the back
of the chassis serves for the heaters and
power supply connections.

Operation

When the transmitter is ready for opera-
tion, place a 0-50 milliameter in the crystal
circuit and adjust condenser C, until the meter
jumps up to about 20 ma. Now tune the
doubler condenser C. for resonance dip on
the meter.

COIL DATA
Li—37 turns no. 22 d.c.c, on 3} inch bakelite
tube.
L:~—18 turns no. 14 enam,, 1 inch dia., space-
wound.

L:—38 turns no. 14 enam., 1 inch dia., space-
wound.

Five Meters

In a press release dated April 13, 1940,
the FCC announced opening part of the 56-
t0-60 Mc. amateur band to frequency modu-
lated radiotelephone transmission. To quote
the official release:

“The Federal Communications Commission
today modified the rules governing amateur
radio operators and stations to make available
to amateurs the band 58,500 to 60,000 kilo-
cycles for radiotelephone frequency modula-
tion transmission.

Place the meter in the final amplifier cir-
cuit and tune to dip. It should read about
15 ma. When the final amplifier is tuned out
of resonance the meter should read about 40
ma. when no antenna is connected.

Next connect the antenna to the link and
adjust the final coupling until there is only
a very shight dip in plate current as the plate
tank is tuned through resonance. (A quar-
ter-wave antenna is recommended. Any good
fish pole antenna will be satisfactory.)

Now check the modulator tube to see that
it draws about 25 ma. Retune the crystal
oscillator condenser until the plate current
reads about 30 ma. If less current is read
the oscillator may not come back into oscil-
lation every time.

The complete transmitter unit can be pur-
chased at a price every amateur can atford
for portable work. The total cost including
tubes is only $12.00 (less the Vibrapack.)

The transmitter has worked many dx sta-
tions with good reports. Contacts with Ha-
waii have been R-7-8, “very good quality and
heavy modulation.”

Opened to F. M.

“Previously amateurs were permitted to use
radiotelephone frequency modulation in all
amateur bands above 112,000 kilocycles. The
change in the rules will make possible wider
experimentation in this type of transmission,
since equipment is quite generally available
for the lower band.

“The Commission also took the opportunity
to re-arrange, in the interest of clarity, the
other rules which specify the use to be made
of the amateur bands, although no changes
werc made therein.”
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By C. O.

We had seen pictures and been told over
the air of many gadgets that could be used
to “rotate the rotary,” but when the time
came for us to provide some means of spin-
ning the old beam around, none of these
devices could be found in this part of the
state of Washington. Investigation did reveal
though that a number of old cream separators
were on hand in the local hardware stores
and could be obtained very reasonably, as most
of them were sold as junk. The parts that
wear out and render them useless as separators
are not required for beam swinging; so we
beat the junk man to the draw and hauled
one of them home. It turned out to be just
what the doctor had ordered and the picture
shows the final result.

All unnecessary parts were removed and
the remainder taken to the machine shop for
the conversion. The motor mount was in-
stalled so that the motor connects directly to
the former high speed shaft with a short piece
of hose and two clamps. The main shaft was

* Box 82, Zillah, Washington
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turned down to take a standard “V” pulley
with half-inch hole, which is the power take-
off. The original handle was on a stub shaft
and this was removed. The stub shaft just
slips nicely over a three-quarter-inch water
pipe, and so was remodeled to be used on
the base of the pipe mast as the pulley shaft.
The shaft was then turned to take a “V"
pulley with a half-inch hole. On the end of
this shaft a small section or stub was cut
down to one-quarter inch for the purpose of
attaching the indicator switch.

The motor is an old washing machine motor
which can be reversed by means of a switch
from the operating position. Be sure to get
a motor that has a wound feld instead of the
winding on the armature; otherwise it will be
impossible to reverse it remotely. The terminal
strip on top of the motor shows how the
leads were brought out. From there four wires
go to the reversing switch at the operating
position. With the standard 1750 r.p.m.
motor, the power take-oft pulley turns just
twelve revolutions per minute. With the
added reduction of the two "V pulleys and

A view of the rotator in-
stallation. The revamped
cream separator is at the
right with the reversible
washing machine motor
mounted, shaft vertical,
on top of it. The V-belt
runs from the power
take-off on the vre-
vamped separator to a
puiley on the turned-
down stub shaft which
is mounted on the end
of the vertical pipe sup-
port for the rotary. The
direction indicator is
coupled to the stub shaft
below the pulley and
mounted on the crooked
piece of wood below the
pulley.
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The four-element rotary itself, installed
through the dummy chimney in the house.

belt, the beam speed is three r.p.m. This has
been found to be very satisfactory.

Original trials of the arrangement showed
that the beam had a lot more drift than
could be tolerated; so an additional pulley
was installed in the bowl just under the con-
necting hose. A short piece of belt is bolted
to each side of the bowl and allowed to drag
very gently at all times. Very little drag is
needed to stop the drift. The bolt shown
sticking up alongside the mast is used as a
stop to keep the beam from going around too
many times in the same direction and ripping
off the feeders. A bolt was placed through
the pipe, and when this hits the stop the belt
slips and no damage is done. The indicator
switch is mounted on the cockeyed piece of
lumber just below the end of the pipe mast.
It consists of an eight-point switch made from
an old volume control. This is connected by
means of a nine-wire cable to the indicator
with its eight pilot lights representing the
points of the compass.

This rotator, although rather bulky, was
economical to construct and has given very
good service ever since its installation. It is
mounted in the attic, and as the chimney
happens to be a dummy, the pipe mast was
brought down through it a la Santa Claus,
with the unit mounted directly underneath.
Rubber washers under the rotator make it
practically silent in the house.

Dottty Dots and Dashes

By THE GUY WITH THE SNOWSHOES

One of my associates who doesn't know
a bug from a modulator asked me a nice easy
one the other evening. “Say,” he said, “why
do they have two codes; wasn’t the old Morse
code good enough for wireless?”” I went into
a discourse on the inadvisability of spaced
characters of the landline Morse from a
standpoint of accuracy, how easy it was to
read a T for an L and how static might take
out one dot from the letter H and make the
sign & He seemed impressed and accepted
the answer as final. But I kept on thinking.

The first thing that came to mind was that
the only spaced character in the Continental
code was the sign &. I started thinking how
much we hams owe to the old Morse opera-
tors. Of course we owe them the “and”
sign (&), a dot, a short space and three dots.

Why hams will write & as “es” I'll never
know. It's no more “'es” than the Morse R
(. ..) is “er.”

Our semi-automatic key has been called a
“bug” since the day of the old "side-swiper”
and Mr. Martin’s first Vibroplex. Legend has
it that the term “bug” was used by Morse op-
erators long before it became the trade-mark
of the Vibroplex. The term “fist” to identify
the nature of an operator’s sending is even
older. It took a good fist to work some of
those “‘Rube Goldberg” keys in the old days.
But what about our abbreviations, and how
did punctuation start?

Originally there was no punctuation and
most of the necessary punctuation was devel-
oped as necessity demanded. The most in-

[ Continued on Page 87]

www americanradiohistorv com


www.americanradiohistory.com

112-224 Me. Hints

By E. H.

With a larger interest in the ultra-high
frequencies now than at any earlier time,
our readers may welcome some ideas on the
construction and operation of u.h.f. power
oscillators that will remove the dangerous
high voltage from the plate circuit, eliminate
the need for filament chokes, improve fre-
quency stability, and help to get good
performance.

If the power supply negative is disconnected
from chassis and ground, it becomes wvery
ditficult to get across the high voltage unless
the negative is exposed—all arguments to the
contrary notwithstanding. Unless grid lines
are used without isolating them from the
bias circuit, however, very little is accom-
plished by such an unorthodox suggestion.
The d.c. connection to these lines, too, can
be eliminated without difficulty.

The fundamental push-pull oscillator circuit
is shown in figure 1. It is readily seen that
a large mass of metal is hooked to both
sides of the high voltage. This means that
the apparatus should not be approached with
the power on, even to adjust shorting bars,
because it is impossible to touch anything
without a large chance of getting across the
high voltage. It is much easier to isolate
the negative than it is the positive, by ground-
ing the negative to the chassis only through
a high voltage by-pass condenser. There are
several ways of taking the power off the grid
lines by wusing grid condensers, and either
separate grid leaks or by running insulated
d.c. bias leads inside of the grid pipes. These
methods are shown in figure 2. It will be
seen that the need to insulate the line from
the chassis is completely eliminated in either
case. Dirilling holes in the grid pipes may be
bothersome, in which case the bias leads can

* Associate Editor, Rapio, Wheaton, Illinois

Figure 1.

Fundamental push-pull oscillator
circuit.

CONKLIN,
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Figure 2. Alternative methods of obtaining
d.c. grid bias when using grounded grid lines.

be run close to and alongside of the pipes
rather than within them, with the same effect.

A similar stunt is easily applied to the
plate line, as shown in figure 3. This arrange-
ment allows the plate pipes to be bent down
to the chassis and secured there, making pos-
sible a vertical coupling hairpin that can be
mounted conveniently on the chassis rather
than way up in the air. A sliding shorting
bar is unnecessary when the lines are deliber-
ately made short and are loaded slightly with
a two-plate condenser which, incidentally,
facilitates adjustment. The r.f. path between
the lines, in any event, should be copper or
copper plated metal. Silver is better, aluminum
nearly as good, but brass is out.

A line that approximately resonates with
the tubes output capacity can be adjusted
considerably by altering the pipe spacing—
rather than by moving a shorting bar—because
a given capacity has a greater loading effect
on a more widely spaced line. A disadvantage
of wide spacing, of course, is radiation of
power within the room. How much this

-||}-
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Figure 3. Method of removing plate voltage
from plate pipes and eliminating the necessity
of insulating them from the chassis.
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radiation can be, is readily illustrated by the
ease of coupling out the power by means
of a “hairpin” coupled only to the shorting
bar.

A transmission line ‘circuit, in which tube
elements are hooked on the “hot” end of
the line, or otherwise load the resonant circuit
with the equivalent of a low resistance, cannot
build up a high impedance with the tube in
operation. This suggests that an attempt to
use lines closely approaching a quarter wave-
length, or made of large diameter pipe, may
be uneconomic in many cases. For instance,
if the grid line can be made to control the
frequency, with the grids tapped far down
the line, large plate rods will probably add
very little to the efficiency or stability of the
oscillator. On the other hand, when the plate
line controls the frequency, a grid line may
be no better than a coil. Plate tuning becomes
much more critical when a grid coil is re-
placed with a good line, limiting operation to
a much smaller range of plate circuit tuning,
Some eftect on frequency will remain, of
course, but careful adjustment will result in
a sharper signal, capable of heavier modula-
tion without spreading over a good share of
the band.

The taps on the grid lines, the grid and
other r.f. leads should be made with thin
copper strip or tubing in order to reduce
inductance. Some transmitters are controlled
by the plate lines until the connections from
tubes to the grid line taps are made with
short pieces of copper strip.

As the frequency is raised, the length of
a wire in terms of wavelength becomes more
appreciable. It may be possible no longer
to connect the filament leads of two tubes in
such a way that the filaments are at ground
potential, and with no impedance between
them. This may introduce hum and may
make impossible either perfect neutralization
or a 100 per cent modulation capability in an
amplifier, and may seriously affect the opera-
tion of an oscillator.

In general, the larger the tubes and the
higher the frequency, the more necessary fila-
ment chokes or lines will become. The use of
chokes in each filament lead was suggested
some time ago. More recently, commercial
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Figure 4. Arrangement for using shortened
Vz-wave line in filament circuit instead of r.f.
chokes.
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television requirements have led to the de-
velopment of lines in the filament circuit,
electrically a half wavelength long, so that
the ground point on the shorting bar is re-
flected to the center of each filament. The
circuit is shown in figure 4. Each cathode is
hooked to the end of a pipe. An insulated
wire inside of the pipe carries one side of
the filament circuit. The other connection is
fed either on the pipe or on a second insulated
wire inside. The length of the rods will be
considerably less than a half wavelength due
to the reactance of the filaments and their
leads. Wider spacing between the rods will
permit them to be shorter, due to the greater
loading effect upon higher surge impedance
lines. The rods can be folded back for con-
venience. In one amplifier, RCA uses rods
running in different directions along a metal
chassis.

In some amateur rigs, the three sets of
lines (grid, plate, filament) have been reduced
to two by grounding the grids and using
roughly V4 rather than 1, wavelength lines
in the filament. This moves the grid tuned
circuit around to the filament but apparently
does not remove the resistance loading effect
of the tubes’ input circuit which is then con-
nected across the whole grid (filament) line.
Maximum  stability, therefore, may not be
obtainable with this method. Furthermore,
the same problem of grid lead impedance may
lead to the application of the former 1
wavelength filament lines to the grid circuit!

The copper tubing required by a u.h.f. oscil-
lator may deter the isolated amateur from
constructing an auxiliary uh.f. rig. Rain
spouting and plumbing tubing may not be
available, but often sheet copper can be
obtained. Two parallel strips of sheet metal
are cheaper than tubing, but are more suscep-
tible to mechanical vibration that might modu-
late the transmitter. If the edge of the strip
is bent to form an L-shaped cross section, the
strength will be improved materially.

In adjusting an oscillator for a good note
and for stability under conditions of changing
plate voltage (modulation), a five- or ten-
meter superhet is very useful. It is amazing
how vile some rigs sound on a good superhet
equipped with a beat oscillator, and ho