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... Introduction ...

 HARDLY think that there can be any contradiction of the statement that
short waves have finally “arrived,” in every sense of the term.

While short waves have actually been with us since Heinrich Hertz

in the late eighties discovered electro-magnetic radiation, the short-wave end

of radio has not been exploited to a large scale until the past few years. The

years 1932 and 1933, especially, were marked by a tremendous increase in short-

wave radio; with some 8,500 short-wave stations, now actually transmitting, in

every nook and corner of the entire world, it may be said that short waves have
actually conquered the earth, taking it by storm.

The short-wave industry has already been recognized as such; while dozens
of manufacturers are making either parts, short-wave sets, all-wave sets, or other
incidentals which are comprised by the new industry.

Already, the short-wave art has become so great that it must be subdivided
into many different branches. Up to this time, there has not been published a
single work which covers the entire short-wave art in all its branches. The pres-
ent volume, the first of a series, is intended to repair this shortcoming. In it
we have endeavored to cover all branches in every way possible; so that the
present and future student of short waves will not only look upon it as a his-
torical work, but also use it for everyday purposes, wherever it may become
necessary to do so.

Without trying to make this volume unwieldly, we have incorporated in it
all the various branches of short-wave equipment, in such a manner as to cover
the best that has appeared during the past few years.

We have tried our best to avoid duplication whenever this could be done,
and to make the manual as live and up-to-date as it is possible to do so. We
have had in mind particularly the newcomer to short waves—the student—as
well as the research man who may wish to look for certain short-wave data.

We have not forgotten the radio service man either, and for him we have
prepared an entire section showing practically every short-wave commercial set
which has been manufactured since the inception of the art.

It is intended to bring out a simiiar volume once a year; in other words,
a Year Book of Short Waves, to keep pace with this growing art.

HUGO GERNSBACK

New York, N. Y.
Winter, 1933-1934,
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SHORT-WAVE

Vv’

4-Tube “MASTER COMPOSITE"

® THREE thousand S. W. fans cannot

be wrong. Results prove it, because
tests on the receiver which was voted
ideal by so many sure does the job 100
per cent. Stations all over the world at
loud speaker volume, low back-ground
noise, plus a very satisfactory degree
of selectivity, are the result.

Permit the author to express his

By Clittord E. Denton

thanks to the manufacturers of the
components used. They have presented
material for use in this set that will
give maximum: efficiency, highest gain
and sturdy, long-life construction.
There are other manufacturers making
similar equipment that will give equal
results but the manufacturers listed in
the parts list are to be commended for

At two a. m. in the morn’—and your arm is tired perhaps. from lifting the lid of a
receiver cabinet to change plug-in coils, you will give thanks for this method of

changing plug-in coils, incorporated

in the

“Master Composite” receiver here

described.

their vision and aid
equipment that will
short-wave reeeption.

in developing
permit “real”

Description of Receiver

Looking at the set from the front
one will note the new National 7 inch
gtraight line tuning scale. This is of
great assistance in logging stations and
makes tor easy tuning.

Note that the coils are plugged in
from the front—a real convenience for
the fellow who wants to change from
band to band quickly. It is possible to
place the set in a metal case for fur-
ther shielding and still be able to
change coils without fuss or bother.

The tuning dial control is located at
the certer of the panel between the
two coi! hand-hole covers.

Starting from the left-hand side of
the front panel and looking at the bot-
tom row of knobs, we find that the
first knob is the antenna potentiometer.
This is used as a volume control when
the set is used with a conventional
antenne. When a doublet antenna or a
Lynch transposed lead-ir system is
used, tnen the leads from the poten-
tiometer are disconnected so that the
primary winding of the antenna coil is
not greunded. This permits balanced
input conditions.

The second knob from the left con-
trols the antenna compensating con-
denser and it “works like a charm.”

The third knob controls the switch-
ing of the phones into and out of the
circuit. When the phones are in use
no sigral will come from the speaker
and when the speaker is in use, no sig-
nal will come from the phones. The
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The “Master Composite” short-
wave receiver, incorporating all
major features is here described
and illustrated. The set was de-
signed and constructed under the
supervision of Clifford E. Denton,
well-known short-wave engineer,
who has described so many good
S-W receivers

Features of the present set are—
only 4 tubes and therefore eco-
nomical operation; together with
the latest method of changing
plug-in coils from the front of the
set; a non-detuning regenération
control, and a powerful A.F. out-
put stage, using the new 59 tube.

Photo at right shows rear view of the 4-
tube ‘“Master Composite” S-W Receiver,
showing the shield cans, inside of which

are the plug-in coils, National 6-pin coils
with the R-39 low-loss forms are used.

The Ideal Receiver For You

phones are permanently connected to
the two binding posts provided on the
rear of the chassis.

Regeneration in the detector stage is
coatrolled by the remaining or fourth
knob and is very smoath in action. The
potentiometer of 50,000 ohms gives a
noiseless variation of the voltage ap-
plied to the screen of the 58 type tube
used as the detector. The action of
the 58 type tube, as far as regenera-
tion is concerned, is superior to the
results obtained with a 57 type tube.

Of course, the two sluminum covers
marked ANT and DET mark the plac-
ing of the openings through which the
coils are inserted in their respective
coil sockets. It is well to note at this
time that the two coils used for any
particular band are identical in con-
struction.

When looking dewn on the top of the
receiver it will be seen that the actual
chassis is small in size.

The tuning condensers are mounted
on the center line and are flanked by
the two coil shields. Directly back of
the coil shields are the two shields and
tube sockets for the 58 type tubes. The
shield to the left holds the R.F. am-
plifier tube and the shield to the right
holds the detector tube.

The special detector coupling im-
pedance is mounted to the rear of the
detector tube and has the high induc-
tance choke, coupling condenser and the
grid coupling resistor mounted in the .
can. This method of coupling is more
satisfactory than the standard resist-
ance plate coupling so often used with
Y = _— screen-grid detectors. The main advan-
Bottom view of the “Master Composite” receiver, showing the tages are higher gain and smoother
neat arrangement of the various resistors, R.F. chokes and regeneration control. . .

by-pass condensers. On the right of the audio coupling
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Schematjc diagram of the “Master Composite” 4-Tube Short-Wave Receiver

unit is the first audio stage; a 56 type
tube is used here. The output of this
tube is resistance-coupled to the power
tube, which is a 59. This tube is more
satisfactory than a 47 for one impor-
tant reason—Iless hum. The 59 is a
cathode type (heater) tube—which ex-

Space is provided on the rear of the
chassis to the left for an output trans-
former if it is desired. The plate cur-
rent of the 59 should not be allowed
to flow through a pair of phones or a
magnetic loud speaker as it will destroy
their efficiency.

MANUAL

phone binding posts are located in the
center anc¢ they are flanked to the right
(under tha 59 output tube) by the plug
and socket for the loud speaker con-
nections. The remaining plug connec-
tion is for the power cable; five wires
are all that are necessary for these con-
nections even though the designer used
a six-conmector unit.

Note that the front panel is fastened
to the chassis mechanically in five
places, four by means of the threaded
brass rods and the fifth by the brass
collar used aunder the end-section of
the tuning condenser.

The antenna volume control and the
antenna compensating condenser are
mounted on the front panel and the
phone-gpeaker switch and the regenera-
tion control are mounted on the chas-
sis and are controlled from the front
panel by means of the flexible couplings
and the 5-inch long, %-inch diameter
bakelite rods. This layout permits of
easy wiring and much shorter leads,
which improves the stability of the re-
ceiver and its general operation.

Examination of the receiver from
underneath shows the layout of the
various by-pass condensers and resist-
ors.

Three .01 mf. mica condensers used
as by-passes in the R.F. stage are
mounted by a single through bolt near
the R.F. tube socket. The two .25 mf.
paper type condensers by-passing the
plate of the R.F. stage and the screen
of the datector are mounted one above
};he other, by means of small brass col-
ars.

plains the hum reduction. On the rear of the chassis, the The small resistors, radio frequency
7 ANT. R1L
b ci3- L RFC.2
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Picture wiring diagram, showing in A-B-C style just how to build the “Master Composite” short-wave receiver,

You will find

this set easy to build and also easy to tune—and speaking of a “hot” signal—wait till you hear it!
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The two photos at left show the plate supply unit from the side and from the bottom. The diagrams at right show wiring dia-
gram for the plate supply unit and lay-out of the metal subpanel.

chokes and mica condensers are held in
position by the wiring. Therefore be
sure to test every soldered connection
for mechanical strength.

The detector grid condenser and the
5 megohm grid-leak are soldered into
place before the coil socket of the de-
tector tube is fastened into its shield.

Coil sockets are held away from the
ends of the coil shields by means of
1-inch long collars drilled and tapped
for a 6-32 thread.

Power Supply Unit

The power supply unit is simplicity
itself and should offer no problems to
the constructor, but a few words of

description, together with the photo-
graphs, may prove helpful.

Many set-builders are not equipped
to build the chassis. For that reason
two possible sources of supply have
been mentioned in the parts list. One
of the chassis makers builds his chassis
out of steel and the other uses alumi-
num.

If the chassis is obtained ready-drilled,
then the job of assembly and wiring
can be finished in “jig time.”

Mount the power transformer,
chokes, and electrolytic condensers on
the chassis and the voltage divider
(R), with the 180 volt by-pass con-
denser, under the chassis, as shown in

the photographs here reproduced.

Place the rubber grommet in the
hole on the side of the chassis; this
will serve to prevent chaffing of the
power cable.

The power switch is mounted on the
side ofp the chassis near the power
transformer.

Wiring can be done in less than 20
minutes after the soldering iron is
heated. Follow the pictorial wiring
diagram, if you are not familiar with
the regular wiring diagrams.

Solder all connections carefully and
be sure that there are no cold rosin-
core connections if you want the best

TwWo

IN
FORM
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=g
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The two drawings at left show respectively how to make plug-in coil handles and also how to wire up the “coil” sockets.

The

data for winding the National type plug-in coils for the “Master Composite” 4-tube receiver are shown at right.
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results. Make sure that the solder flows
through the joint thoroughly. The iron

FRONT PANEL LAYOUT -A- must be kept clean, well tinned and hot/
) Taning Frequency Range
& Coils can be obtained ready wound to
Ye" cover the wavelengths from 9 to 850 meters
very efficiently. The following coils and the
f ranges ccvered were tested in SHORT WAVE
Clurr's Composite Receiver and give the
K 3 maximun: of efficiency for their respective
" bands.
Q‘z : Coil Number
Range (National)
9 to 156 meters No. 60
. . / <. ;35 to 26 meters No. 61
<] UNLESS OTHER- to 41 meters ...eeeeecmeeneceeeneeenies
llF /‘“ é{_ 6 /gg@gu_ WISE $PEC- 40 to 70 meters .
COND. 'th‘TG PHONES CONTROL || IFIED ALL 65 to 115 meters
comnon. / ——;—0;3—' owg-o:p- WBE'SLI" 19 115 to 200 meters. 5
1—-——*— tl\ [y 32 T Those interested in band spread coils
1 5 +— 13 have a choice of the following coils:
= 'ﬁ ’AcJ. 1 l - '/4"/ M gand Coil lgumblel{
o L - % 0 Meter ... 0.6
7% _;t J-——zf/,"-.r—zm — 2 277 —+§ 1$ Y 40 meter ~.No.63A
% i. ,_7 12 > 6 80 meter oo NOL G4A
160 meter .. e No. 65A
UNLESS OTHERWISE ~R- In the photographs showmg the S-W-C
RS R Sh08s  ToP VIEW OF SUBPANEL LAYOUT 8 “Composite” receiver ihe extra coils not

T e S 37 ow _ f in use a.x:l? placﬂ_ed in a neat metal coi}

N 8" s ER cabinet, his offers a convenient way o
6'05‘2‘8 o B SOCKEN 8 <+ SOCKeT . keeping the coils from being misplaced
DOTTED —L° : ' 2 and preventing damage when not in use.
LNES ) \' —1 35" 4| The cabinet will hold 20 coils.

A Antenna Recommendations

1 1 | 3 World-wide reception can be obtained
}_ 3 1{ 13 under half-way decent conditions with an
"8 ordinary broadcast antenna at loud
56 JF":—L l : speaker volume. Nevertheless, it is recom-
YL mended that one of the newer transposition
) 1-;] . 55 lead-in trpes of antenna be employed, such
P 3%" LI | as the system recommended by Arthur H.
4 ] : { 1 ] Lynch in the article “Reducing Noise on
e = 4 f_r Short Wave Aerials,l" éSee dSH(EzT dvas
" , and “Goo n-

¢ 4 e N 5 2 Crarr for August, 1932, a

1. & 3“ l

tenna Design” in SHORT WAVE CRAFT for
}-- -_— -F'-_ -—— ——‘—‘

September, 1932),

Tests with this receiver in a suburban
location shows marked improvement in the

[ | ,1“ | :' 5 noise level and signal strength when the
= . [ . 18 v

g ." . o 234" 1| § l / 29" I _14 transposed lead-in was used with a 75
y e— SR 4 . 1 £ S4¢ ‘ foot flat-top.

- B L

e— 2" e 12" 2" - Speaker Considerations

16" Most every set builder has a dynamic
speaker on hand and for that reason the

_C_ ANTENNA COJL SHIELD DETECTOR. COIL SHIELD 'D" choice of the loud speaker was left to the

individual. Be sure that the loud speaker
L Lt } BACK ) LOWER SIDE BACK } has a voice coil transformer with a primary

that will match the tube; this is 7,000
ohms when used as it is in this set. The
tube is used as a pentode for greater
power sensitivity. Do not connect a mag-
netic type speaker to the output terminals
of the set, without using an output trans-
former, Generally the magnetic speaker
will not match the tube impedance and it
may be damaged by the strong plate cur-
rent flowing through the speaker windings.

Construction and Wiring Hints

ALL HOLES N2 19 ORILL So much has been written about the
construccion of radio receivers that little
2.5V N2. 8-32 need be said at this time; study the pho-
-F- (.I..SA‘] SCREWS tcgraphs and the electrical circuit—then
13/4 LONG go aheac and build. Use care in the con-
cr ) struction and see that everything is fast-
AR ened firmly in place. Loose parts result
= in noise and noise is especially to be
= 700V, avoided in a short-wave recziver.
N Lctr 40710 Make all connections in a direct man-
PRI. : 2.6v. = |ifi " 6OMA ner. Da not have loops in the wiring and
60CY. TaAP - 7A = 2 be sure that every lead from the tuned cir-
ST, 4 I cuits of the radio frequency and detector
| AN — | 4.9v. are wired by connecting wires. Do not de-
—_— 2'A : pgnd on the chassis for common connec-
I | l y tions! This will increase the stability of the
con receiver and result in smoother operation.
SHIELD =3 Conclusion
le—2 2}_(1——— This raceiver was designed in accord with
SIDE VIEW OF "E' 2"“;5"?7"‘"2'355‘, POWER. the votes of readers of SHORT WAVE CRAFT
COI. AND SHIELD 7 A. GROUNDED TRANSFORMER_ and represents the majority apinion of the

readers, Some of you may have wished
that the set were a super-het and many
. may not like the method of regeneration
Details of chassis and other parts used in building the “Master Composite” Receiver. control (for example) but the majority
wins. So, here is YOUR set.
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Parts List

One National Co. Type 2-SE 100 tuning
condenser (Cap. 100mmf. each section).
(C2, C3.)

Two National Co. Short Wave Chokes,
Type 100, (RFC1, RFC2) (2.5 M. H.)

One National Co. Radio Frequency Choke,
Type 90 (RFC3) (90 M.H.)

One National Co. Screen Grid Coupling
Impedance Type S101 (AF1)

Two National Screen Grid Clips (V1,
V2) type 24.

Two National Coils Sockets, Isolantite 6
prongs for National Coils (L1, L2)

Two National Isolantite Tube Sockets for
58 type tubes (V1, V2)

One National Co. Antenna Compensating
Condenser, Type ST-50 (C1) (Cap. 59
mmf.

One National Coil Cabinet (optional)

Two National Co. Tube Shields Type
T58 (V1, V2)

One pair of the following National S.W.
Coils, Nos. 61, 62, 63, 64, 65 (L1, L2).

One National “Full Vision” Tuning Dial,
Type VKE

Three Micamold .01 mf. mica condensers
(C4, C5, C12)

(COnf Micamold .0001 mf. Mica condenser
15
One Micamold .00025 mf, mica condenser

C8)

One Flechtheim Tubular Condenser .01
mf. (C10)

One Flechtheim Electrolytic Condenser
Type LT1000 (C11) 10 mf. 30 Vts.

Two Flechtheim .25 mf. Bypass condens-
ers (C6, C7) Type GF25

One Acratest Wire Wound Resistor, 5
Watt, 7000 ohms Cat. No. 5900 (R6)

One Acratest Wire Wound Resistor, 5

One Acratest Carbon Resistor, .5 Watt,
300 ohms Cat., No. 5860 (R2)

One Acratest Carbon Resistor, .b Watt,
2000 ohms Cat. No. 3500 (R7)

One Lynch Mfg., Co. .5 Watt resistor .5
meg. (R9)

One Lynch Mfg. Co. .5 Watt resistor .1
meg. (R8)

One Lynch Mfg. Co. .b Watt resistor 5.
meg. (R11)

One Lynch Mfg. Co. 1. Watt resistor
2000 ohms. (R5)

One Lynch Mfg. Co. 1 Watt resistor 3000
ohms (R4)

One Frost 40 series potentiometer Cat.
No. 6182 (R1) 3000 ohms.

One Frost 40 Series Potentiometer Cat.
No. 6186 (R3) 50,000 ohms.

One Wafer Socket Type 59, 7 prong (V4)

One Wafer Socket 5 prong Type 56 (V3)

(;ne Yaxley S.P.D.T. rotary jack switch

One Wafer socket and male plug for
speaker

One Eby Ant.
(T1, T2)

One four-prong chassis mt'g plug and
socket cable connector Type 7A-11 and 11A
(T5, T6, T7, T8

Two Eby Insulated Binding Posts (for
phoner) (P)

One Steel Chassis drilled and folded to
specifications—Korrol Mfg. Co. or

One Aluminum Chassis drilled and folded
to specifications Blan-the-Radio-Man
. NOTE—The builder has a choice of chas-
sis material

One Drilled panel.
dipped and the steel
plated.

Two
minum

Two

Ground terminal strip

Aluminum panel is
panel is cadmium

Blan—The-Radio-Man, special alu-
shields for the coils
Blan—The-Radio-Man “Hand-Hole”

OFFICIAL SHORT WAVE RADIO MANUAL

Two Blan—The-Radio-Man flexible cou-
plings
. Two 6 inch lengths of bakelite % inch
in diameter
. Four small brown knobs

Four 5 inch lengths of 6/32 threaded
brass rod

Two Raytheon 58 type tubes (R.C.A.)
One Raytheon 59 type tube (R.C.A.)
One Raytheon 56 type tube (R.C.A.)
Wire, soldering lugs, machine screws, etc.

Parts List of the Power Supply

One Jefferson Power transformer. Type
463-934. (P.T.)

Federated Purchaser Cat. No. 2532

Two Jefferson Filter Chokes, Type SA2071

Federated Purchaser No. 2503 (CH1,
CH2)

Three Flechtheim Electrolytic Condens-
e(rcsi)S mf., 500 volts peak. Type JWS800

One Flechtheim Dry Electrolytic Con-
?%n;)er 8 mf.,, 500 peak volts Type KL800

One Korrol Mfg. Co. Steel, cadmium
plated chassis drilled and welded as draw-
ings

Aluminum chassis by Blan, The-Radio-
Man

One Federated Purchaser power switch
No. 4112 (8)

One Federated Voltage Divider Cat. No.
3915. 25,000 ohms with taps (R)

One Five Wire Cable (Use No. 16 wire
in cable if possible)

One Rubber Grommet

One Four prong wafer socket., Marked
280 (80)

One Raytheon 80 rectifier tube (R.C.A)

My Idea
of A

Band Switch

By
ANTHONY HOLTGREFE

can be made very easily, with prac-
tically no cost, by simply using all
the oYd material that every radio or
short-wave “bug” has on hand.
Now for a few details about the
switech. First you will notice that
the bolts used for contact points
have no nuts on them. By drilling
the holes in the bakelite a little
smaller, the bolt can be turned in
to fit snugly and the wires from the
coils can be soldered direct to same.
By doing this I have saved on space.
By drilling the front panel for

two wood screws, one on each side

of the shaft it can be held in place

Watt. 400 chms Cat. No. 5900 (R10) Covers for the coil openings
4
5 '/8" L.. "—_v 241 ”
g3t lzihzlzids e’
16 el ]l6]ie " P
B | [ %'
n o
N 2 T T
f— SERERENES, = § 13 5
I g A ,
———7 = 4 -—'-_J v “Zillﬂ:Z/léhzlllzyllllg\
[ Wit L4 " ] “ . .I M
SIDE /2+_g 3" M % 14.1_' yic
/' VIEW 4 4 4'r SECTIOw | 16
FRONT M G N .
3 “
PANEL [T J L—‘A
:_—7— ______ - SLIDE PLATE TO FIT
W OO0 OO M  LOOSE SCiT CAN
SLIDE EASILY
: 00 0O
! KEY TO
/ i w O O oo e MATERIAL
LG £ _.______./ B= BAKELITE
KNOB FORYi| M= METAL
ADJUSTING 7 Vs G
SWITCH B8 TOP VIEW
SKETCH above shows a very
M clever design of band-change
switch, which any short wave
T 7 T fan can easily build at an in-
———————— ——d siggnificant cost; it can be made
1 - with as many poles as desired.
" z"
Al % e .
1
—B
T—(—-ri@ V%
q‘ M 5
[ = ® I AM sending herewith a
0 sketch of a band switch 1
" ——— have designed and which has
M worked in a very satisfac-
BOTTOM Wi tory manner.
oTTOM VIEW By looking over the sketch
you will find that the switch

by running these screws through the
front panel into the front wood
piece on the switch.

By marking the shaft at each set-
ting with an awl, at the face of the
front panel, the correct setting can
be determined with ease.

This switeh can be used with the
“Best” short-wave converter

This design of short wave band-
change switch has many good points
to eccmmend it. For one thing, it is
a relatively easy matter to adjust
the springs, made of phosphor
bronze or German silver, so that
they will have even tension at all
positions of the switch.
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Here’s a 3-tube short-wave receiver that you will derive a lot
of pleasure from—it is up to the minute, with all controls
mounted on the front panel, while switches change the wave

bands.

® THREE tube short wave receivers

are very popular today. The results
that can be obtained with a properly
designed and constructed set are the
reason for their popularity.

Most set builders use one stage of
radio frequency amplification and a
high-gain detector tube. This is the
most satisfactory method of radio fre-
quency amplification and detection.

If more than one radio frequency
stage is used, then the problem of ade-
quate shielding runs the cost of the set
up so far that the average pocket-book
will not stand the strain. With ordi-
nary equipment now available tuned
radio frequency below 20 meters will
not offer high enough amplification to
justify the cost.

A screen grid detector is used in the
“Economy-3" because it offers the max-
imum sensitivity, coupled with smooth
regeneration control, for the minimum
cost.

As it is wise to have an audio stage
and the cost of the additional parts for
its construction is so little, a “high
gain” pentode type tube is used, the
output of which can be connected to a
loud speaker or used in conjunction
with phones, as desired. For the best
results with this tube, use high im-
pedance phones so that greater signal
strength may be developed. If possible
use an output-matching transformer
for this purpose,

Circuit Description

In the outward appearance of the
circuit diagram the receiver will have

SHORT WAVE RADIO MANUAL H

The DENTON
“ECONOMY

THREE"

By CLIFFORD E. DENTON

Parts List

One Hammarlund Tuning Condenser Type
MCD-140-M (140 mmf, cap. per section),
(C2, C6)

One National Tuning Dial 4” Type VBD

One National R.F. Choke Type 100 (RFC)

Th(l:ee By-pass Condensers .25 mf. (C4, C5,
°8)

One Tubular Condenser .003 mf. (Cl1)

One Tubular Condenser .00025 mf. (C9)

One Tubular Condenser .015 mf. (C10)

One 50,000 ohm potentiometer with power
switch (R3, SW3)

One Acratest Midget Condenser 25 mmf. ra-
pacity (C3)

Three Acratest 4 prong sockets

One Acratest 20,000 ohm, .5 watt recistor,

One Acratest 1 meg. .5 watt resistor (R5)

One Acratest .25 meg., .5 watt resistor (R4)

One Acratest 5 meg. resistor .5 watt (R1)

One Acratest .0001 mf. mica Condenser (C7)

Two Acratest Tube shields, type 7268 (for
the coils)

Two 1" diameter hakelite tubing 314 inches
long

One % pound spool No. 30 D.S.C. wire

One 14 pound spool No. 22 D.S.C. wire

Two Acratest Selector switches (SW1, SW2)

One Eby Type 17 moulded twin.jack for
phone or speaker connections (3, 4)

One Eby Antenna-Ground Type 22s Molded
twin-posts (1, 2)

One Blan aluminum panel and chassis

One pair of Blan Brackets

Acratest grid-leak clips, Type 3892

Two Acratest 1" diam. black knobs

One Acratest 6 wire cable.
(5, 6,7 89

One’ Type 33 Output Pentode (33) Triad

One Type 34 R.F. Variable-Mu Tube (31)
Triad

One Type 32 S8.G. R.F. Tube (32) Triad

Another view of the Denton “Economy Three” which utilizes
the latest discovery in an efficient inductance-switching system
for changing the wave-bands, without resorting to plug-in coils.

a familiar look. After all, the old time
“tried and found good” are the best.
The problem is simply one of obtaining
the most for the capital involved.

The ccils are home-made, in fact the
coils camnot be bought ready made for
this set ut all. The set constructor will
have to follow the coil-winding direc-
tions as given in Fig. 2. There is no
great job in winding these coils and it
can be cone in an hour; simply follow
the directions carefully.

By the use of the two taps it is pos-
sible to cover three wave-length ranges.
The firs!. band will extend from 40-85
meters, the second band from 25-55
meters and the lowest band from 15-30
meters. Due to variations in the wind-
Ings of the tuning coils when done by
hand, there will be some differences in
the bands covered, as well as differ-
ences in tuning condenser settings, due
to change in constants and electrical
values of the antenna and the detector
coil. Experience in winding several
sets of these coils indicates that this
variatior will not be so great that it
cannot be corrected very simply.

One way to bring the antenna and
detector coil cirzuits into alignment, so
that resonance will be obtained with
the single control dial tuning arrange-
ment, is to spread the turns of wind-
ings L-1 and L-2 by prying them apart
until repeated tests show that reson-
ance is established fairly evenly over
all of the bands. If there is a very
great diference in the tuning range,
due perhaps to differences in the tuhe
shields used as coil shields, then it may
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it

employs

This 3-tube short-wave receiver does away with the
necessity of removing and replacing plug-in coils;
instead a newly devised
system, whereby the most used bands, the 20, 40 and

switching

80 meter, can be tuned in by merely turning a pair of
switches.

be necessary to remove as much as a
single turn on L-3. Due tests of the
set will enable the constructor to judge
the advisability of any coil correction.

After these corrections have been
made, it is wise to apply small amounts
of collodion, or some other high-grade
insulating material, which will hold the
windings.

The signals are ted into the receiver
by means of the antenna connection to
the home-made antenna series condens-
er. This home-made antenna series con-
denser is familiar to all. It consists of
a simple two-inch long piece of bus-
bar with No. 18 push-back wire wound
around it in the form of a spiral spring
and simply moved back and forth to
increase or decrease the capacity in the
antenna circuit.

Wave selection is given by means of
the two switches S.W.1 and S.W.2.
The input circuit to the first radio fre-
quency tube has a tuned circuit, being
tuned by condenser C-2, which is
ganged to condenser C-6, tuning the

No Plug-in Coils~All Common Wave-Bands
Tuned in by Switches Using New Circuit

detector circuit. This condenser-leak
method of detection is employed and
C-7 and R-1 form an exit to this cir-
cuit. The return of the grid in the de-
tector tube is directly to the chassis.

A typical regeneration circuit is em-
ployed,—control of screen voltage being
the method whereby oscillation is con-
trolled. The plate winding or feed-
back coil is divided into three equal
windings of six turns each, interposed
between the No. 22 tuning coil winding,
so that satisfactory regeneration con-
trol can be had on all the bands with
the switch in any position. Of course,
with the switches S.W.1 and S.W.2 at
the bottom of L-1 in both the input
circuit and output circuit of the 34
R.F. tube, the receiver will tune to the
shortest wavelength band. By moving
the switch down to the tap N.L.2 this
will tune to the next shortest band, and
by moving still further so that the mov-
ing arm of the switch rests on an open
contact, indicated near L-3, the com-
plete coil is in the circuit and the high-
est wave bands will be covered.

The plate circuit of the 32 type tube
which is used as the detector is by-
passed to ground by means of condens-
er C-9 and the radio frequency choke.
The detector is resistance coupled into
the grid circuit of the 33 type tube,
which has given excellent results, es-
pecially as far as power sensitivity is
concerned. C-11 is used to equalize va-
riation in the Pentode plate load im-
pedance.

R-6 1s mentioned, although it is not
shown in the actual set. This is a 6
ohm rheostat used in series with the
“A” supply when two dry cells are used
in series, it being necessary to drop one
volt in the rheostat to supply the two
volts normal to the tubes in the re-
ceiver. If a 6 volt storage battery is to
be used, an additional resistance must
be inserted in the circuit so that the
current to the filaments will not exceed
the rated value.

In many cases sets of this type are
gqulppgd with Eveready Air-Cell batter-
ies, which will give steady performance
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Both schematic and picturized wiring diagrams are shown above for those interested in building the Denton “Economy Three"”

receiver,

the 20, 40, and 80 meter bands.

This set employs three battery tubes and switch-type inductances instead of plug-in coils, to cover the most used bands,
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for more than a year of steady use.

In some instances, when making tests
in different locations, it was noted that
improved results could be obtained with
the use of tube shields on the first R.F.
and detector tubes. If the constructor
wishes to go to the expense, it would be
a very good idea to include the two ad-
ditional tube shields on the 34 and 32
type tubes. .

xperiments with the 34 tube in the
detector socket have been quite satisfac-
tory, resulting in very smooth control of
regeneration,%)ut with an apparent falling
off the sensitivity of the receiver, al-
though the difference in sensitivity is not
enough to cause the person testing the set
to say that the 34 tube could not be used
in this position with satisfaction.

Operation

Place the 34 type tube in the R.F, socket,
a 32 type tube in the detector and 33 tube
in the output tube socket. Connect the
ear-phones, connect up the battery cable
to the battery supply, adjust the filament
volts to exactly 2 volts, and leave this at
this point. The fact that these tubes work
best at 2 volts from an electrical stand-

oint also means that they will last the
ongest at 2 volts from the standpoint of
life. Therefore, always keep tubes in this
2 volt class at the ra'ed 2 volts for satis-
factory long-life operation.

Set S.W.1 and S.W.2 to the same iden-
tical tap, so that both coils can be tuned
to resonance. Turn the regeneration con-
trol, which is mounted on the left-hand
side of the panel, to the right and see if
the detector tube will oscillate. If the
detector tube will not oscillate, reverse
the lead marked “X” in Fig. 1. If the tube
oscillates, slowly  turn the tuning dial
which drives condenser C-2 and C-6. Keep
the regeneration controls in position for
maximum sensitivity. Vary C-3 for the
maximum signal, as this condenser is used
to enable condenser C-2 and C-6 to track
throughout the band. If the condenser
C-2 and C-6 does not track satisfactorily
by means of condenser C-3, it will then be
necessary to change the coils slightly so

A Receiver That
At STATIC

—— ——— ——
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Fig. 2—Front-panel view of the reeeiver

that “lnughs nt stntie” and other inter-
ference.

® TO circumvent the disturbance caused

by static and other uncontrollable in-
terference in the reception of radio has
been the goal of many experimenters.
A number of devices have been advo-
cated that should help to reduce such
unwanted interference. To date, how-
ever, no device is doing the job consis-
tently or well,

For several years the writer has had
in use a circuit that does reduce the
interference from non-tunable interfer-
ence such as static and line disturbances.
It also has the advantage of allowing

that the tuning characteristics of the
coils will coincide. If the 32 tube regener-
ates too quickly and not smoothly, vary
resistance R-1 and reduce the capacity of
condenser C-9, generally testing the value
between 0001 and .00025 for C-9 and start
at 5 megohms for R-1 and work downtol
meg. if necessary. Variations between
condenser C-9 and resistor R-1 are to be
so adjusted that the regeneration control
R-3 is about between % and % way over
to the right for maximum control of re-
generation. An increase in size of R-2 or
variation in R-2 will change the portion
of the operating curve of R-3 for the
maximum convenience.

Most experimenters are tamiliar with
the problems to be encountered at this
point and there should be no difficulty
with a few hours of final adjustment with
this receiver to obtain the smoothest oper-
ation possible. No set of this kind can be
thrown together, of course, and have real
satisfactory regeneration control right
off the bat without a great deal of luck.
Generally it takes time to get a set work-
ing smoothly.

Construction Pointers

There is little to be said about the con-
struction, as the photographs clearly show
the placement of the parts as well as
most of the wires in such a manner that
the set should go together with very little
trouble.

Some mention should be made of the
method of supporting the coils within
their shields. This is done in a simple
manner and although several methods
were tried out this works out the best.

Cut two pieces of brass or thin alumi-
num as shown in Fig. 3 and bend into
shape. Then spread a thin coat of PDQ
Plastic Metallic Solder on the metal sur-
faces that contact the inner wall of the
tube shield base; allow this coating to

harden for a short time and then place a
greater amount of the solder on the inside
of the shield socket and allow the bracket
to redt in place for as long a time as
possible. It is a good idea to let the
solder harden all night, if possible.

Of course the tap-switch and the tube
shield sccket have to be fastened to the
panel before this can be done. If the
hardening process is left for 24 hours the
results will be perfect. No heat is neces-
sary when using this solder.

Fasten everything in place. Those parts
mounted by means of pig-tail connections
should have good mechanical support
without the aid of soldering. The best
operation, when it comes to short waves,
occurs when the set is free from noise.
Noisy sets will ruin reception and most
noise comes from loose connections.

Tighten up all nuts and bolts used to
hold the chassis in place. Loose nuts and
bolts here will cause noise.

Use care in soldering to the switch con-
nections and do not permit soldering flux
to drop down between the contacts, as this
will cause losses; this is a common fault
of constructors when soldcring to tap
switches. R2 is twenty thousand ohm re-
sistor.
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Laughs

By JOHN L. REINARTZ

This unusual circuit devised by Mr. Reinartz re-
duces the interference from non-tunable sources,
such as static and line disturbances; it also per-
mits two signals of different frequencies to be
received simultaneously through the same am-

plifier system.

two signals of different frequencies to be
received at the same time through the
same amplifier system; that is, one ecan
listen to a signal in two of the amateur
bands at the same time and hear both,
or if desired the same frequency can be
tuned to in each half of the two parts
of this receiver, and advantage can then
be taken of its capability to balance out
such interference as statie and other non-
tunable interferences.

The receiver had its inception during a
study of methods to reduce non-tunable
interference during reception of a signal,
the idea being to so adjust the receiver
that the non-tunable interference would
be allowed to enter the two parts of the
receiver and when again combined at
the audio part of the system it would
cancel out, while the signal which was
desired would go through only one part
of the tuning system and then through

the andio and be heard in the regular
way, minus the interferenee which may
have been present. The result is so good
that many of you will wish to build such
a receiver, the descriptian of which fol-
lows:

The circuit used (Fig. 1) will be recog-
nized by the old-timers as the one which
the writer has used for tke lust ten years
and has found no good reason to dis-
place. especially on amateur frequencies.
The only difference is that there are two
of them, so connected that the audio sys-
tem ctarts in one and ends in the other
of the two tuning systems. It is through
this connection that unwanted signals are
cancelled out, or that two signals of dif-
ferent frequencies can be tuned to at
the same time and heard through the
audio system. One precaution which
must be taken is to keep the tivo systems
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LOOKING DOWN ON RECEIVER

Fig. 1, at left, shows diagram of the Reinnrtz interference eliminntion receiving circuit for hattery tuhbes: Fig. 2. nt right,
shows the same circoft ndapted for use with A.C. tuhes.

insulated from each other except through eapace
ities. If we wish to house them in cabinets
they must be insutated from each other. For
the time being we will mount both parts of
the system on a bakclite panel 7 x 14 iInches
in size, using a baseboard of the same size to
mount the amplifier parts on at the same time,
A connecting strip to eonnect our batteries to
is monnted on the bhaxeboard.

igure 2. and B shows the panecl and base-
board respectively, The large dianls are the
two tuning dials, while the two small ones
are the regencration control and the antenna
coupling condensers respectively, one  sct for
cach tuning system,

We are going to use the type '30 tubes for
detectors and the amplifier, as we have to use
separate I3 batteries for all these tubes. Tt
won't take as many as if we used the ‘81 or
the '33 type tubes, although you may use them
if you desire to. An awmplifying transformer
couples our detectors to the amplifier in such
a way that cnergy from either detector ener
gizes the amplitier. If the cnergies from the
two detcetors are equal and opposite at the
same time, no signal will be transmitted hy
the amplilier; this is of course what we have
been after.

Now that we have all the parts properly
mounted we will make up a set of tuning coils,
Starting with the So-meter band we make two
coils of 10 turns cach, about 2 inches in dimm-
eter and of No. 16 wire. Then we make two
more of 20 turns each with a tap at 10 turns,
the diameter and wire size to be the same,
The 10-turn coil connects between No. 1 and 2
and the 20-turn coil conneets between Nos, 3,
4 and 3, the ends of the coils being to the
right.

We are now rcady to eonncct our “A” and
“B” batteries, Each tube must have a sep-
arate A’ battery, so we connect two dry cells
to each of our three tubes through a proper
filament resistor and one 45-volt B battery
to each detector, being certain that we make
this important connection so that the negative
of the “B” battery goes to the filawent of one
deteetor tube and the positive of the same
“B" battery goes to the plate conncetion of
the other tube through the radio frequency
choke coil, The amplifier batteries are econ-
nected in the usual manner. Then we conneet
the amplifying transformer between the two
positive connections of the two detector B
batteries, the second connection going to the
grid of the amplifier with a grid bias battery
of minus 4.3 volts and a plate voltage through
our phones of 90.

Now let's see what happens. Our antenn:
is connected through coupling condensers. We
control our regeneration through the 100 mmf,
rezeneration condenser in each plate cireuit
and tune our twoe receivers Dby the two 100
mmf. tuning condensers, lat us tune one re-
ceiver to some sigual in the amateur band and
the other to a higher frequency siznal in the
same band., Detune thewn so that you obtain
a SH0o-cyele tome frequency from one and an
800-¢yele tune frequeney from the other,

Let us now follow them through the system.
The signal from the left receiver goes through
the amplifying transformer to the plate of the
tube in the left receiver and the signal from
the right receiver goes through the amplifying
transformer in the opposite direction to the
plate of the tube in the rizht receiver. Both
siegnals, beeanse of the difference in tone fre-
gnueney, will be impressed on the grid of the
amplifying tube and we will hear them in the
phones, one a H00-cyele sivnal and the other
an 800-exele signal,  We will have lots of fun
tuning to two different frequeneies at the same
time and listening to  the conversations be
tween two awmatenrs who are in eontact with
each other, doing this without the necessity
of retuning for ecach signal, as we would have
to do with our eouventional tuners.

Now Jet us see what happens if we have
some non-tunable interference,  Suppose we set
o lmzzer going in the room, We tune to a
siznal with the left yeceeiver and pnll the tube

out of the right receiver. The Interference is
very bad. Now we replace the tube in the
right receiver and tune to some signal, Wo
find that we can hear the signal whlch before
was inandible through the interference. To
reduee the interference as much as possible,
we carefully adjust our antenna condensers
and regenerative feed back condensers until
the interfernce is a minimum. The two duning
condensers are adjusted as close to the desired
gignal frequency as possible, one on one side
of the carrier and one on the other side of the
carrier, differing by an audio frequency which
is passed on through the amplifying trans-
former to the amplifier.

Signals that could not be copied with just
one of the receivers could be eopied with no
trouble at all when using both reecivers and
cancelling the intcrference at the amplifying
transformer. 1t takes a little patience to make
the proper adjustments. but the results are
very worth while, 'To be able to listen to two
frequencies in or out of the same amateur band
makes listening-in even more desirable,

Many amateurs will find in this receiver a
solution to their interference problems, and will
build one for gencral all-areund use. Such
tubes as the '24 and ‘47 can he used. obviating
“A” Datteries. The cireunit requirements for
these tubes must, of conrse, be observed.

To reduce interference between circuits, the
tuning coils should be turned at right angles
to each other. When enclosed in a cabinet
this precaution need not be followed. The coils
themselves are so simple that no description ir
necessary. They can be made to suit condi-
tions or can be found on plug-in forms to suit
the maker. The radio frequency choke colls
are wound with No. 30 wire on a 1-inch diam-
eter cardboard tube 2 inehes long and mounted
on corks glued to the baseboard.

What to remember when building this re-
celver : Unless you use the separate heater type
tubes you must use separate \™ batteries:
you must use separate '‘B” batteries for any
type of tubes; you must not ground the re-
ceivers directiy, but through a .1 f. condenser,
You can ground the filament of the amplifier
tube. You must be sure to make the plate
connections of the two receivers just as shown:
otherwise you undo what you have been trying
to do. You can use as much amplification as
vou may desire. The connections for any
additional amplification are conventional

The present form of the receiver is as shown
in the photo, each half of the receiver being
in a section each side of the center section in
which is the amplifier. This center section
also has mounted on the front of the cabinet
a two-section condenser by which the two
halves are balanced to the aerial, the rotating
part of the condenser Dbeing insulated from
the cabinet. The two tuning condensers are
insulated from direct ground connection with
an insulating condenser mounted inside of the
respective sections. Thig allows the tuning
condensers to be mounted directly to the cab-
inet witliout insulating bushings. The amplifier
tube is coupled to the two detector tubes
through a regular amplifying transformer. Type
‘24 tubes are used throughont, and as they
are of the separate heater type no separate
A’ batteries are required, one filament trans-
former supplying all three tubes.

The number of turns for this range, 3,500
to 4500 Kke., is: plate turns, 15; tuning turns,
15: grid turns, 25: for other bands this is
doubled or halved, the wire size being No. 24
B. & S, gange. The cireuit connections are as
shown in the diagram.
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Schematic wiring diagram of the 3-tube band spread receiver

here described. The two condensers C1

@ IN designing the receiver here de-
scribed, a number of items were
taken into consideration. Among these
was that the receiver complete, includ-
ing coils and tubes but less power-
supply unit, should not cost more than
twenty dollars. In order to maintain
this low cost the set had to be of such
design that the chassis or foundation
could be made at home with the usual
tools found in the experimenter’s work-
shop. The saving on this part of the
set allowed the incorporation of many
refinements that otherwise would have
been impossible at this low cost.

The aluminum used for the base of
the receiver is of 1/32nd inch stock.
Material this thin would be far too
weak if it were not for the particular
design used in forming the base and the
mounting of the two shields which form
the compartments for the tuned R.F.
and detector stages.

Metal Base and Shields

When bending the base and shields
the only tools needed were two pieces
of wood and two “C” clamps together

Bottom view of

and Cl are ganged.

trol and over-all sensitivity of response.
“high gain” 3-tube circuit, employing pentodes of

15

SPREAD

Loud
= Speaker Set

As far as operation is concerned, nothing more
could be desired in the way of smoothness of con-

This

makes the use of earphenmes un-

necessary, as practically all received signals are
strong enough to operate a “loud speaker” direct-
Although designed primarily for the popular
20, 40, and 80 meter “amateur bands,” Mr. Shuart’s
instrument is also a superlative receiver for ‘“gen-

eral” short-wave reception.

with a small vise. The “C” clamps
can be purchased in any hardware
store for about ten cents. It is advis-
able to have the aluminum cut to size
when buying it rather than trying to
cut it at home with a pair of tin snips.
The cost of the aluminum cut to size
as indicated in the drawing was only
$1.25, not including the front panel. 1f
care is taken in measuring and bending
the material a very neat and sturdy
chassis can be turned out.

Kind of Tubes Used

As can be seen, this set uses a type
58 as the tuned R.F. amplifier and a
type 57 as detector, with a 47 as audio
amplifier, a 56 can be used instead of
the 47 if ear phones are to be used.

When using a stage of tuned R.F.
ahead of an autodyne detector it is
absolutely necessary to have some sort
of R.F. gain control if overloading of
the detector is to be eliminated. There-
fore a type 58 is used in order to obtain
control of volume by the cathode
method. This type of control is very
quiet in operation and has very little

at the right.

effect on the tuned circuit. As can be
seen in the diagram, the grid circuit
of the R.F. stage is decoupled by a
250,000 ohm resistor and a .01 mf. con-
denser. This helps to prevent the R.F.
stage from detuning the detector and
allows the full benefit of the shielding.
Screen gzrid voltage is obtained with a
100,000 ohm resistor which adds to de-
coupling and eliminates one wire in the
cable. Isolantite coil forms and scckets
and tube sockets are used because of
their low loss.

Coupling R.F. to Detector

A separate winding on the detector
coil form provides the R.F. coupling be-
tween the R.F. stage and the detector.
This is the most efficient means of
couplinz and should be used when ever
high gain and stability are required.
Bypass condensers are used freely but
no R.F. chokes are shown because no
benefit was derived from them.

The type 57 was chosen as the detec-
tor because it oscillated much better
at the higher frequencies than any
other type. The detector circuit is of

Mr. Shuart’s 3-Tube Band Spread receiver is shown at the left, while we have zn excellent top view of the receiver



Rome, Paris,
and London on
the loud speak-
er! Yes Sir,
and with only 3
tubes! Thanks
to the ingen-
ious circuit
here presented
by Mr. Shuart,
plus the utiliza-
tion of three of
the latest style
tubes, this set
provides unu-
sually high am-
plification. This
is one of the
finest receivers
we have ever
had the pleas-
ure of describ-
ing to our read-
€rs; moreover,
it provides
“band - spread”
on any band.
The receiver
can be built for
less than $20.00.

the electron-coupled type. This allows
the use of five prong coil forms and it
is also more stable when oscillating.
The feed-back coil is wound separate
from the grid coil and is spaced about
%4 inch from it. This method is pre-
ferred rather than tappirg the grid coil
because it is not as critical and allows
better control of regeneration.

There is no spacing between turns
because distributed capacity was not an
important item; in fact the opposite
was desired, The total capacity across
the grid coils is 135 mmf. when the
condensers are tuned to maximum. The
coils are wound so as to have high “C”
{capacity) on any of the amateur
bands. High “C” terds to make the
circuit more selective and this is needed
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in the amateur bands more so than for
general short-wave reception.

The R.F. plate coil is threaded right
along with the grid coil of the detector,
beginning at the ground end. The wire
for the R.F. plate coil, the tickler and
the antenna coil is No. 32 silk covered.
The grid coils are wound with No. 28
silk covered wire. The coil forms are
Hammarlunds, intended for ultra short
waves. These coils are small but pro-
vide ample room for the windings for
all bands.

Regeneration Control Feature
Regeneration control is one of the
most important items in any short wave
receiver, and deserves careful consid-
eration.

To obtain smooth and noise-

By GEORGE W. SHUART » =u
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less control of regeneration one must
bear in mind that when regeneration
is controlled by varying the screen grid
voltage with a potentiometer, the volt-
age across the potentiometer should be
only slightly higher than that required
to make the tube oscillate and that the
resistance of the potentiometer should
be large enough to allow a very fine
adjustment of this voltage. With the
number of tickler turns designated in
the coil table and 22 volts across the
potentiomneter, which is of 100,000 ohms
resistance, it is possible to swing the
regeneration control all over the scale
without affecting the tuning of the de-
tector circuit. It takes a swing of
about one-half inch to bring the tube
completely in and out of oscillatton. From

As FT0F (PRL)

/" B+ GTOK (SEC. AF
X (SEC) 275

47

©,

GNOD.
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Picture wiring diagram drawn especially for the benefit of the uninitiated reader, who may find the schematic wiring diagram

shown on the opposite page too difficult to understand.

ous pieces of apparatus in this diagram.

You should have no difficulty in following the wires connecting the vari-
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this it can be seen that it is possible to
get right on the edge of oscillation with-
out a hair-splitting adjustment and re-
ceive phone signal with the same ease
that C.W. signals are received. Then
again, it takes a large change in line volt-
age to have any effect on reception, which
means that one does not have to have one
hand on the regeneration control all the
while phone signals are being received.

47 Tube Used for Output

A type 47 tube is used in the audio
stage because loudspeaker operation was
desired. Of course, if one expects to use
headphones it is suggested that a type 56
Le used if the ears are valued at all.
Resistance coupling is used in the audio
stage because of its economy and the min-
imum of space it requires.

All necessary data are contained in the
diagram for drilling and placing the parts,
together with the plans for the construc-
tion of the chassis and the shields.

The two 35 mmf. midget tuning con-
densers are ganged.with a flexible coup-
ling. These condensers have to be mounted
on posts in order to obtain height
enough for the mounting of the dial.
These posts can be made of % inch copper
tubing with machine screws run through
them to hold the condensers in place.

The R.F. stage is mounted in the left-
hand shield. The 100 mmf. tuning con-
denser and the R.F. volume control of this
stage are mounted directly on the front of
the shield itself. This layout is also used
in the detector stage. The R.F. decoup-
ling resistor and condenser are mounted
on the bracket that supports the R.F. coil
socket. The grid leak and condenser are
mounted in the same fashion in the de-
tector compartment.

The audio tube is mounted between the
two shields and directly behind the two
¢anged 35 mmf. condensers. All parts are
mounted on the chassis before the panel
is attached, it only being necessary to
drill five holes in the panel and mount
it over the lock nuts holding the parts
to the chassis. This allows a space the
thickness of the nuts between the panel
and the shields which is a form of double
shielding and has been carried out exten-
sively in this receiver.

It is necessary to have very nearly the
same amount of capacity in the two tuned
circuits of the receiver, if the controls
are expected to track with any workable
degree and be able to utilize the full
tuning range of the two 100 mmf. tank
condensers. This would be impossible. of
course, if one of the tank condensers
were set at a much higher degree of ca-
pacity than the other. Therefore, the
number of turns stated in the table must
be used if the two stages are expected to
tune through the band without getting
‘“out of resonance.”

How to Tune Receiver

In tuning the receiver the two tank con-
densers are set at the approximate section
of the band on which one desires to re-
ceive and the tuning done with the two
smaller condensers which are controlled
by the main tuning dial. This method
allows band spreading at any frequency
and still keeps the number of coils neces-
sary to cover the usual short wave bands
down to the ordinary amount. For ease
in retuning to a previously recorded sta-
tion, it is sugpgested that the two tank
condensers be calibrated as to their fre-
quency response.

ANY listeners who report the recep-

tion of short-wave signals from
certain American stations are informed,
much to their surprise, that these sta-
tions are not transmitting on the short
waves at all! What they have picked up
are “harmonies” of the regular broadcast
waves.
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Coil Winding Data for Shuart 3-Tube Band-Spread Set.

In the receiver described it is usualiy
impossible to use the full gain of the
R.F, stage without overloading the detec-
tor so it is recommended that the volume
control be set at about half way on in

tuning in a station and then bringing
the “volume level” up as desired. With
the volume control set in this position
the selectivity of the set is as good as
the average short wave “super” and as
to volume, well, any foreign short wave
station that is received in this country
can be brought in on the loudspeaker, with
ease.

List of Parts
1—7"x10"xs” aluminum panel
2—514"x21%"x%"” sheet aluminum for

shields
1—12"x10” aluminum for base
1—Type 58 tube Sylvania (R.C.A.D
1—Type 57 tube Sylvania (R.C.A.}
1—Type 47 tube Sylvania (R.C.A.)
6—Hammarlund coil forms (five prong)
“small” Isolantite

2—Hammarlund five-prong sockets Iso-
lantite

2—Hammarlund six-prong sockets Iso-
lantite

2—Hammarlund 100 mmf. tuning conden-
sers

2—Hammarlund 35 mmf. tuning conden-
sers

1—Hammarlund flexible coupling
1—National type “B" dial

1—100,000 ohm Electrad potentiometer
(Clarostat)
1—5,000 ohm Electrad potentiometer
(Clarostat)

2—Aerovox .5 mf. bypass cond. (Polymet)
5—Aerovox .01 mf. fixed cond. (Polymet)

1—Aerovox .005 mf. fixed cond. (Polymet)
1—Aerovox .0001 mf. fixed cond. (Polymet)
1—Aerovox .00025 fixed cond. (Polymet)
2—Aerovox 250,000 ohm resistors (Lynch)
1—Aerovox 100,000 ohm resistor (Lynch)
1—Aerovox 15,000 ohm resistor (Lynch)
1—Aerovox 2,000 ohm resistor (Lynch)
1—Aerovox 300 ohm resistor (Lynch)
2—Aerovox 2 megohm resistors (Lynch)
1—Aerovox 20 ohm C.T, resistor- (Claro-
stat)

THOSE HARMONICS AGAIN

Harmonies are secondary oscillations
or vibrations that appear in any oscil-
lating system. The harmonies you may
hear on a S.W. receiver are of higher
frequency (lower wavelength than the
fundamental). Some types of radio trans-
mitting circuits are more virulent pro-
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VIEW SHOWING MOUNTING OF TUBES AND COILS

Details of aluminum chassis used by Mr.
Shuart in building his 3-Tube Band-
Spread Receiver.

1--Eby five-prong socket

1—Hammarlund “Triple-grid” tube shield
1—Five-wire cable

1—Antenna binding post assembly
1—Speaker cord tip assembly.

ducers of harmonies than others; even
in the best systems, harmonies may be
createl as a result of the antenna’s own
radiation. Fortunately, most of the har-
monic: that appear in the short-wave
bands are pretty weak, the strongest be-
ing h2ard between about 100 and 150
meter:.
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C. W. TRANSMITTERS

e A ONE-TUBE
Q Q . Master Oscillator

Power Amplifier
TRANSMITTER

By A. J. SPRIGGS, W3GJ

- . . " Mr. Spriggs, who holds an engineering position with Uncle Sam,

ront panel appearance o e extremely we de- . . Q

signed l-tube master osclllntor-power amplifier trang- herc presents a freSh new de51gn Of- lmproved transmitter fOl‘ thc
mitter. usinig o single UX-560 tube. short-wave experimenter. This transmitter, here illustrated in pho-

o tograph and diagram, is an experimental type suited to amateur

iginal basi ircuit is shown .
The original basic circuit 1s frequencies and based upon the use of a UX-860 tube

in Fig. 1. The filament, control grid,

and screen grid of the tube are so con-

nected as to form, with the associated apparatus, an oscil-
lating circuit similar to the conventional Colpitts cireuit.
(The use of the Colpitts type of circuit is not strictly
essential, however, as any of several standard oscillator cir-
cuits may be used.) The constants of the elements of this
circuit determine the frequency generated, except for slight
variations which may be caused by effects external to this
circuit. The output or load circuit is connected between the
plate and filanient of the tube, and is carefully shielded to
prevent electromagnetic or electrostatic coupling between the
plate or output circuit and the frequency determining circuit.
The purpose of the balancing condenser C is to permit neutral-
ization of the small electrostatic coupling between the output

aircuit and the frequency determining portion of the circuit,
which would otherwise exist due to the effect of capacity be-
tween the shield grid and the plate of the tube.

Since there is no electromagnetic or electrostatic coupling
between the frequency determining portion of the circuit and
the output circuit, it is apparent that the radio frequency
power developed in the output circuit is due to the production
of pulses of the plate current corresponding to the variations
of potential developed on the control and screen grids by
oscillations in the frequency determining circuit. The means
by which the oscillations in the frequency determining circuit
result in the production of radio frequency power in the plate
or output circuit has been called “electron coupling.” The

iz, 7 (left) shows rear view of Mr. Spriggs® MOPA transmitter; Fig. 10 (center) shows one of the plug-in inductances,
and Fig., 6 (right) shows top view of transmitter.
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over-all effect is similar to the action .in a master oscillator-
power amplifier transmitter, the action of 'the frequency de-
termining portion of the circuit and the filament, control grid
and screen grid of the tube being similar to the action of the
master oscillator, and the action of the screen grid, plate, and
output circuit being similar to the action of a power ampli-
fier stage.

In Fig. 2 is shown a somewhat different circuit arrange-
ment in which the necessity for the use of the balancing con-
denser shown in Fig. 1 is eliminated by making use of the
shielding properties of the shield grid. In this arrangement
the shield grid is kept at zero radio frequency potential, with
respect to ground, and serves as an electrostatic shield be-
tween the plate and the frequency determining circuit. This
arrangement necessitates the use of chokes in the filament
leads, sjnce the filament of the tube is at radio frequency
potential with respect to ground. The basic principles of
operation of this circuit are identical with the principles in-
volved in the circuit of Fig. 1.

Frequency versus Voltage Changes

In connection with various tests which have been made of
the operating characteristics of the circuit shown on Fig. 2,
it has been found that under certain conditions variations of
the screen and plate potentials have effects upon the gener-
ated frequency of opposite sign. By suitable choice of the
operating voltages a condition can be established under which,
with the screen and plate voltages supplied from a common
source or from the same line, practically no change in fre-
quency will result from variations of line voltage of as much
as 25 per cent. The curves shown in Fig. 3 show the effects
upon frequency of variations in screen and plate voltages
using a UX-860 shield grid tube, in a circuit similar to that
shown in Fig. 2. By choice of operating voltages for the
screen and plate corresponding to points on the curves where
the slopes are equal and opposite, it is apparent that varia-
tions of line supply voltage will necessarily have minimum
effect upon the generated frequency.

In addition to the very desirable characteristics of the
circuit arrangement of Fig. 2 as regards frequency stability
under varying line supply variations, this type of circuit has
other advantages as regards frequency stability. Tests show
that with this circuit, changes in the output circuit or loading
have only slight reaction upon the frequency as compared
with standard types of circuits. The small magnitude of this
reaction is to be expected, due to the fact that there is little
or no electromagnetic or electrostatic coupling between the
output circuit and the frequency determining circuit. The
effect of tuning of the output circuit upon the generated fre-
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Fig. 8—Top view of the transmitter, showing position of
UX-800 transmitter tube, together with locatiom of various
inductances and condensers.

quency can be reduced to a practically negligible value, only a few

cycles per million, by tuning the output circuit to the second harmonic J
of the frequency generated in the frequency determining circuit. When
operating in this manner, the amount of power obtainable in the output
circuit has been 25 to 50 per cent of the power obtained when working
Changes in the ambient tem-
perature cause variations in frequency of about the same magnitude
Changes of filament voltage
cause little change in frequency, provided the filament emission is
In zeneral,
variations of filament voltage of 5 to 8 per cent above or below normal
operating values will have negligible effect on the frequency generated.

straight through on the fundamental.
as with conventional oscillator circuits.

sufficient to produce saturation at the plate voltage used.

Special Switches for Mercury Vapor Rectifiers

The circuit diagram of Fig. 4 and the photographs and sketches
shown in Figs. 5 to 11, inclusive, show various features of an experi-
mental transmitter for amateur frequencies Based upon the use of a
4 The general arrangement of parts
and details of assembly are shown in the photographs of Figs. 5, 6
The frame is constructed
of sheet aluminum and angle brass, well bolted and banded together.

Particular attention is invited to the circuit arrangement of the two
switches on the front of the transmitter panel (S1 and S2 of Fig. 4).
In order to provide for necessary time delay in application of plate
voltage to the mercury vapor rectifier tubes, the switches are so wired
that the left-hand switch lights the filaments of the oscillator and
rectifier tubes and the right-hand switch applies the plate voltage. The
plate voltage cannot be applied unless the filaments are lighted. The '
necessity of providing a 15 to 30 second delay in applying voltage to
the rectifier tubes after their filaments are lighted is & responsibility
Between trans- H

UX-860 tube with the Dow circuit.
and 7, and the sketches of Figs. 8 and 9.

of the operator in manipulating the two switche:.
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DETERMINING CIRCUST

missions the plate voltage can be removed by operating the right-hand |

switch to provide a stand-by condition.

again resumed.

The inductance system used in the frequency determining circuit
utilizes a novel method of providing for operation of the filament of

) Retaining the oscillator in a
lighted condition results in less drift of frequency when keying is
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the tube at a radio frequency potential above
ground potential, without the necessity of using
radio frequency chokes in the filament leads by
an arrangement similar to that shown in Fig. 2.
Each coil is wound with two separate No. 14 enam-
eled wires, wound side by side on a bakelite tube
and arranged for plug-in connection in such a
manner that the low voltage A.C. filament supply
is fed through the two wires from the low potential
end of the coil and taken off to the filament from
the center of the coil. The two wires of the coil
are by-passed at each end and in the middle in
such a manner that, as regards radio frequency,
the two wires are in parallel and equivalent in
radio frequency effect to a single wire winding.
The construction details of the coils and coil mount-
ing are shown in Figs, 10 and 11. It has been
found possible to cover the amateur 3.5, 7, and
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Left—Fig. 1 shnws
the originali Dow
clirenit based npon
the use of a four-
element tube. The
filament, control
gride. and screen

rid tube are xo
connected ax  to
form, with the an-

socintednpparatus,

an oscillating cir-
cuit simiior to the

Colpltts circuit.

KFig. 2, helow at

jeft, shows 1 sSome-
what different cir-
cult from PFig. I,
and which ¢limin-
ntes the necessity
for the balancing
condenser by utii-
izing the shielding
properties of the

shield grid.

i, 11, at right,
shows detnils

14 megacycle bands by the use of only two coils
for the frequency determining circuit, one of 22

of plug-in induet- N GRID FII.TESENT Tlﬂ‘ﬁAshé!E)gLEﬂ w
nneesn.
Figg. 3. at left—The curves
/ ﬁ here reproduced show the ef-
l ] JJ«_I + 120 fects upon the freguency of
l¢/} varintions In sereen nnd pinte
by, voltages, using a UX-860
2\ qv + 80 g xhicld-zrid tube, in 0 clrenit
’__@‘\ VS (%3 simiiar to that shown in Fig.
( % - /1] + 40 z', 2, above nt left.
N3 af o Z
q?{; 2 | inches spacing between the base
0) A\ ~40 2 | of the tube and the nearest
/ 4 | shielding.
/ a0 s The filament transformer is
oY > | located in the front compart-
/ O | ment directly under the plate
.—izo z .
- & | tank tuning condenser. The sec-
<] ?ndary leads‘(;un glretgtltyh toftrhee
o ower or grid end o e -
360 %RE ¥ V(l%Gs%o 560 - (Iluency‘ deter:?;]inigg coi.l systemt:
PLATE VOLTAGE n series wi e primary o
800 900 1000 1100 1200 1300 the filament are twg resistors,
() Es AT 350V. WHILE Ep VARIES. one fixed and one variable. The
@ Es AT 450V. WHILE Ep VARIES . fixed resistor ig located in the
Es ﬁ:. 151?80\6 Vx,:'lLLEEEEP \(,‘;R'ES‘ front compartment just to the
p . S RIES
Ep AT 1175V. WHILE Es VARIES. left of the filament transformenr.
Ep AT 1250V. WHILE Es VARIES (See Fig. 9.) The variable re-
INITIAL FREQUENCY SETTING sistor is mounted on the under-
N 3992 Kcs. F1G.3 side of the subpanel and is not

turns tapped at the ninth turn, and one of 7 turns

tapped at the third turn. For the lower frequencies, however,
I recommend a coil of 19 turns tapped at the eighth turn
instead of the 22-turn coil.

The radio frequency choke used in the plate circuit consists
of a winding of No. 30 double-silk-covered magnet wire 4%
inches long on a Vietron tube 5% inches long and % inch
in diameter. No choke was found to be necessary in the grid
leak circuit because of the high resistance of the leak itself,
i.e., 20,000 ohms.

It will be noted that the tube is located in a separate com-
partment, shielded from both the frequency determining and
the output circuit. This additional shielding is highly desir-
able to reduce to a minimum the possibility of electrostatié
coupling between the plate or output circuit and the fre-
quency determining circuit. Additional shielding to close com-
pletely the tube compartment or the frequency determining
circuit compartment was found to be unnecessary.

Since the filament leads hetween the tube and the associated
coil system are at radio frequency potential, it is desirable
that there be wide separation between these leads and the
shielding, that the length of the leads be as short as possible,
and that the leads he rigidly supported. The filament leads
in the set are of No. 10 solid enamel wire and are rigidly
supported about 1 inch apart, well clear of all shielding on
bakelite pedestals made for the purpose. The isolantile tube
socket is mounted in such a manner as to provide about 1%

shown in any of the figures. The
operating procedure includes an
initial adjustment of the variable rheostat to obtain correct
filament voltage, after which no further adjustments are un-
dertaken except for excessive variations of line supply voltage.
The differences in voltage drop resulting from changing of
coils in the frequency determining circuit has been found to
be so slight that no readjustments of the filament circuit have
been considered.

The plate tank and antenna coupling coils are of conven-
tional design, 3% inches in diameter, each of 10 turns, and
wound of No. 8 solid wire with bakelite supporting strips.
The antenna coil is arranged to slide back and forth to pro-
ylde variable coupling. The antenna series tuning condenser
is completely insulated from the shielding. By suitable shift-
ing of the taps on these coils it has been found possible to
operate satisfactorily on all three of the 3.5, 7 and 14 mega-
cycle band. By operating the frequency determining circuit
on 14 megacycles and tuning the output to the 28 megacycle
band with a smaller output coil, good output can be ohtained
at 28 megacycles.

The variable condensers used are Cardwel] .00045 mf., 3,000~
volt transmi‘tting condensers, and the condenser dials are
Velvet Verniers. A condenser of somewhat larger spacing
would be preferable for use in the plate tank circuit, as the
gondenser shown has a tendency to spark over on high power
in the 3,500 k¢, band, and also in the 7,000 ke. band if the
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antenna circuit happens to become detuned.

The meters I used are Westons. The 1.5
ampere antenna ammeter is not of sufficient
capacity for use with a reasonable low re-
sistance antenna. A 2.0 or 2.5 ampere meter
would be preferable. The 13-ampere plate tank
meter is adequate unless the tank circuit losscs
are substantially less than in the transmitter
described. This meter can be dispensed with
hy using the dip of the plate milllammeter for
wning. The plate milllammeter is an 0-200
ma. Weston.

For normal operation with maximum output,
the coil for the frequency determining circuit
should be plugged in with the section of the
coil with the larger number of turns in the
grid ‘circuit. Reversing this coil will reduce
the input and output by a large percentage.
No exact determination of the best ratio of
turns in the grid to turns in shield grid seetion
of this coil has been made, but it appears that
about a G0-40 pereentage is satisfactory.

The plate blocking eondenser “C.,” Fig. 4,
has a capacity of .0000GT mf.

When first placing the equipment in opera-
tion the plate voltage applied should be not
over anout 1,500 volts. The tap on the voltage
divider system whieh supplies voltage to the
shield grid should he placed one-third to one-

half the way from the low end: that 1s, the
shield grid voltage should be somewhat less
than half of the plate voltage. The plate
current with the plate eireuit out of tune is
considerably greater than when it is in tune,
although not high enough to be dangerous to
the tube, The frequency determining circuit
o<cillntes at practically the same frequency.
regardless of the tuning of the plate circuit.

List of Parts

Al—Weston R.F. ammeter, 0-15 amps.

A2—Weston R.F. ammeter, 0-1.5 amps,

1, C2, C3. C4, C5—.01 mf.,, 2,5600-volt San-
gamo fixed condensers.

'6—.0002 mf., 5,000-voit Sangamo fixed con-

denser.

C7—.00045 mf, 3,000-volt Cardwell variable
condenser.

C8—.002 mf., 5,000-volt Sangaumo fixed con-

denser.

C9—Two 35.000-volt Sangamo fixed condensers
in series, .0001 and .0002 mf.. respec-
tively ; net total capacity, .000067 mf.

C10—1% mf., 1,500-volt G, E. Co. fixed con-
denser.

C11, C12—S8ame as C7.

C13, C14—1 mf,, 3,500 Potter filter condensers

C15—2 mf., 3,500 Potter fifter condenser.

F—High voltage fuse rated at 2,000 volts, .75

2]

amps.

Ll—Frequeacy determining coil system.

L2—Plate fank cirenit inductance

L3—JAntenna coupling induetance. .

MA—Westoa D.C. milliammeter, ¢-200 milliam-
peres.

R1—Grid leak Ward Leonard resiztor, 60-watt,
20,000 ohms.

R2—Ward Leonard 60-watt, 100-ohm resistor.

RR3—Variable resistor, fixed Ward Iconard 60-
watt, 300-ohm resistor in series with
20-chm, 60-watt porcelain base varia-
ble resistor.

R4—Ward Leonard
resistor.

R5—Ward Leonard
resistor.

S1—Filament switch, Cutler Hammer.

S2—DPlate power switch, Cutler Hammer.

T1—Thordarson 80 va., 12-volt fllament trans-
former.

T2—Thordarson rectifier fillament transformer
for UX-866 tubes.

‘T3—Specizcl home-made plate transformer, 0-
1500-2000-2500 each side of center tap,
1,000 va.

V1—UX-R¢0 screen grid, Th-watt transmitting
tube.

V2, V3—TUX-866 mercury vapor rectifier tubes,

200-watt, 14,000-ohm fixed

200-watt, 11,900-obm fixed

The MONITOR~How to Build and Use It

By LEONARD VICTOR, W2DHN

It is possible to find out just where
the transmitter is working in the band
by tuning it in on the monitor and
then tuning the monitor whistle in on
the receiver. Obviously the procedure
can be reversed for placing the trans-
mitter in any desired part of the band.

The unit is stmplicity itself and al-
most any changes necessary can be
made to adapt the monitor to the parts
available. All of the components should
be solidly placed so that the monitor
will hold calibration, i. e., return to
the same frequency at a given point
on the dial. This is a mechanical de-
tail and should be given great consid-
eration .on the part of the constructor.

The monitor shown in the picture
uses a 2-volt, 30 type tube, but any of
the small size tubes, such as the 99

— ar
o

of the monitor.

Front view

1ype, may be used, by supplying the
proper filament voltage. A little ex-
perimentation will determine the best
spot to p'ace the monitor, both to give
a healthy signal in the receiver and
have a fzirly loud note from the trans-
mitter. The coils may have to be
changed by the “cut and try” method
in some cases so that adeguate band
coverage can be obtained.

If an 2xtra pair of earphones is not
available to use with the monitor at
all times, a resistance having approxi-
mately the same value as the phones
should ke used in the monitor, when
tuning it in on the receiver. This will
minimize the unbalancing effect due to
the changing of the voltage on the
plate of the tube, which in turn shows
up in the grid tuning circuit.

ALL WIRE N2 30 0CC
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Both schematic and picture wiring diagrams are given for the construction of the moni

box, so as not to pick up too strong

a signal from the local transmitter.

tor—a one-tube receiver built in a shield

A 2.volt tube is used and no antenna is required.
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Front view of 2 tube portable transmitter.

® DUE to the popularity of ecrystal

control among both amateur and
commercial stations, many new circuits
and tubes have been developed to in-
crease the efficiency and stability of
radio transmission. The principal tube
adapted to crystal control was the type
47, which was originally intended as a
pentode. This increased the efficiency
and stability of crystal oscillatory cir-
cuits considerably, as most of us have
discovered. However, the author has
discovered a new use for this tube
which has undoubtedly been over-
looked.

The object of crystal control is ob-
viously to obtain frequency stability.
However, good frequency stability has
only been obtained by the use of
temperature controlled crystals, or by
a very low-powered oscillator followed
by numerous amplifier stages to obtain
sufficient excitation for the amplifier
feeding the antenna. It can readily be
seen, therefore, that if the oscillator
output were increased, a few amplifier
stages could be eliminated. With the
average circuits the application of 500
volts to the plate of the oscillator tube
would undoubtedly wreck the crystal
or cause serious heating which would
result in frequency drift.

The Author’s New Circuit Idea

For some time the author has been
using a circuit in which 500 volts can
be applied to the plate of the tube in
the ecrystal stage and in which there
is less heating and frequency drift than
in the usual circuit using in the neigh-
borhood of 150 valts.

It has been overlooked that the type
47 will operate very efficiently with the
screen and control grids tied together
and connected tkrough a radio fre-
quency choke to a filament center tap.
This eliminates external grid bias of
any kind, and holds the plate current
to the order of 3 to 4 milliamperes at
500 volts. This causes the tube to
have a very high amplification factor,
which results in comparatively large
output with a low input voltage. (As
it creates a second harmonic only
slightly weaker than the fundamental
it is ideal when followed by a frequen-
cy multiplier.) With the grids tied
together in this manner it is possible
to drive the current to 80 ma. and still
operate efficiently and with stability.

In the diagram # shown the type 47
in its role of oscillator and also class
“B” amplifier. These tubes are both

Taking the
‘“‘Headaches”’
out
of
Crystal
Control

By George W. Shuart
(W2AMN)

A nifty 2 tube portable trans-
mitter is here described, which
employs crystal control in a
greatly simplified circuit, utiliz-
ing ’47 type tubes and an ’82
mercury vapor rectifier.

operated from a common power sup-
ply, as the amplifier has no detectable
effect on the oscillator, even when the
amplifier is being keyed.

Oscillator Plate Tank Condenser

The, plate tank tuning condenser of
the oscillator stage should not exceed
.00015 mf. in order to obtain full effi-
ciency of the circuit, resulting in high
LC ratio. The excitation lead to the
amplifier should be tapped at approxi-
mately one-third of the distance from
the low potential end of the oscillator
tank. Extreme care should be taken,
as this adjustment is very critical. The
recommended capacity for the excita-
tion coupling condenser should be in
‘the order of .0001 mf. or less. Neutra-
lizing for this type of amplifier should
be done within the stage itself, as
shown in the diagram. It has been
found that the amplifier stage: would
not neutralize if the tuning condenser
was shunted across the whole coil, a
part of which is used in
neutralizing. Therefore,

Rear view of 2 tube transmitter with crystal
control.

the amplified tuning condenser, the re-
maining five being the neutralizing
coil. The oscillator coil (L3) has 20
turns and is wound in the same fashion
as the above.

From the description it can be seen
that much apparatus can be eliminated
from crystal controlled transmitters.
Therefare this would make an ideal
portable. Following is a desecription
cf the portable built by the author.

Portable Transmitter

The complete outfit, including the
oscillator amplifier portion and power
supply, is inclosed in a case 14 inches
high, 12 inches wide, and 7 inches deep.
An aluminum shelf through the center
separates the radio-frequency unit
from its power supply. In the lower
compartment is mounted T1 as in the
diagram. The high voltage secondary
of this transformer supplies 500 volts
to the oscillator and amplifier, at ap-
proximately 150 ma. T2 is the filament
transformer suppling 2.5 volts to oscil-
lator and amplifier filaments. However,
a transformer with two separate wind-
ings could be used in order to key the
amplifier at the filament center tap, i
the builder does not wish to key the
amplifier in the high voltage lead as
shown in the diagram. The rectifier
problem is nicely solved by the use of

the design of the ampli- =
fier tank coil and neu- U2

SHIELD RFC
Ly / !

tralizing coil should be L A

carefully followed. J‘ E
Details of Coil . @. -’

The coils are wound

¢l
with No. 14 B. & S. en- _:|
ameled wire on 2 inch
forms, spaced approxi-

mately the diameter of
the wire. This is accom- P
plished by winding string Lo

cucn A AT TS __"'_'i “A-C= =[x —-

along with the wire, then RFC2
removing the string, and
coating with clear Duco.
The antenna coil (L1)
has 12 turns, and 1is
wound on the same form
as the amplifier tank
coil.  Spacing between
the two is one-half inch.

L1-L2-L3+ SEE TEXT
RFC | « S€E TEXT
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The amplifier plate coil

(L2) has 25 turns, 20 of
which are shunted by

Wiring diagram of Mr. Shuart’s 2 tube portable transmitter,

featuring crystal control.

®
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the type 82 tube, which is a full wave mer-
cury vapor rectifier, capable of passing more
than sufficient current for the set. In order
to obtain a pure D.C. note an 8mf. electroly-
tic condenser shunted directly across the out-
put of the rectifier tube is all that was re-
quired. This combination gives fine regulation.

Separating the oscillator and amplifier is
an aluminum shield, through which only the
excitation leads pass. All low potential wir-
ing is done beneath the shelf. The center-
tup filament resistors are mounted directly at
the base of the tubes, and it has been found
that filament by-pass condensers are not
needed with these short leads. If a center
tapped filament transformer is used, by-pass
condensers must be located at the base of
the tubes where the resistor is shown in the
diagram.

Following the shield is the amplifier tank
condenser, next to which is the antenna tun-
ing condenser. As explained before the plate
and antenna coils are both wound on the
same form. These are mounted directly be-
hind the two condensers. Behind the plate
coil is mounted the amplifier tube. This is
the layout used by the author and will give
the reader a general idea of how these parts
can be mounted.

The grid chokes which are of the lattice-
wound variety commonly used in broadcast
receivers are mounted as close as possible

to the tube case. The lead connecting the
choke to the grid terminal should he as short
as possible, the other end going to the alum-
inum shelf, which eerves as a common con-
nection for all negative leads. The neutraliz-
ing condenser is of the variety manufactured
by Hammarlund, and mounted directly on the
amplifier tuning condenser with a small bake-
lite post. This condenser is very small and
can be easily mounted, with no danger of
breaking down, due to its mica insulation.
This condenser, of course, must be adjusted
with an insulated screwdriver. Once adjusted
this will need no further attention.

How Set Is Tuned

The tuning of this set is very simple. With
every thing connected and checked carefully
the builder should have no difficulty in get-
ting the set to work. The filament voltage
should be applied first, as these tubes take
comparatively long to heat. Next is to plug
in the 0-100 milliammeter into the jack pro-
vided for it in the plate lead of the oscillator
tube. Now the plate voltage is applied to the
entire set, providing the keying circuit of the
amplifier tube is open. If the tube is not
oscillating the plate current will be extremely
low. (From 3 to 5 ma.) The plate turning
condenser should be swung slowly from zero
upward, watching the meter carefully. When
the plate circuit approaches resonance with
the crystal the plate current will rise, and as

resonance is passed the current will begin
to decrease. Absolute resonance is the point
at which the plate current is the highest.
“The valne of the current will be between 60
and 80 ma.. depending on the quality of the
crystal. The adjustment of the oscillator
should ke left in this position.

Now 10 neutralize the amplitier. Under no
consideration should the key af the amplifier
be closed at this point, as it may damage the
tube. Adjust the neutralizing condenser to
full capacity, swing the amplifier tuning
condenser gradually from zero upward until
the point is reached, where there will be a
dip in the plate current of the oscillator. At
this pomt the capacity of the neutralizing
condenssr should be gradually reduced, and
the amrlifier tuning condenser swung gently
back and forth till no dip occurs. When this
point is reached the amplifier is sufficiently
neutralized. The point at which the dip oc-
curred is the approximate point of resonance,
and the circuit should be left tuned as near
as possible to that point. The plate circuit
of the amplifier can now be closed, providing
the milliammeter has been plugged into the
jack pravided for it in the cireuit. The am-
plifier tuning condenser should be adjusted
to a point where minimum plate current ex-
ists (aporoximately 20 ma.). The entire set
is now properly tuned and readv to be coupled
to the untenna.

Here we have a fine view of the complete 45 push-pull Beginner’s Transmitter and
power supply unit. Extra wave band coils are shown,

® THE transmitter described in this

article is primarily a low power,
low cost outfit for the beginner. Almost
any one aquainted with radio transmit-
ters will admit that a push-pull ar-
rangement is far superior to the single
tube varicty. There is really no extra
cost in buining a push-pull oscillator,
the only added expense is in the addi-
tional tube required. And for this rea-
son the author cannot see why anyone
would build a transmitter and not in-
corporate a push-pull circuit. Push-
pull circuits are much more efficient,
this is proven by the fact that just
about every ultra short wave transmit-
ter is of this type. If this type of cir-
cuit is more efficient on the higher fre-
quencies, surely it should perform more
than satisfactorily on the lower fre-
quency bands.

Uses 2-45’s as Oscillators

The outfit shown in the photographs
uses two of the type 45 tubes as oscil-

lators. This tube was used because of
its low cost and the fact that it pro-
vides practically as much output as the
regular 210, at one third the cost. The
transmitter is divided into two sections
ramely, the radio frequency oscillator
and power supply. The oscillator is
mounted in bread-board fashion on a
7 by 15 inch plywood board which
should be thoroughly dried and given
a coat or two of shellac to prevent it
from absorbing moisture in damp
weather. The circuit is of the type
using fixed-tune grid and tuned plate.
All grid coils are wound on one inch
hakelite tubing with fine wire, so that
their natural frequency response is
rear the center of each amateur band.
The frequency peak of this type of coil
is rather broad and for this reason the
entire band can be covered with the
plate circuit, without the two circuits
getting out of resonance. This is a
(esirable feature as any part of a given
band can be worked on, with the plate

The **RT"
Beginner'’s
Transmitter

By
GEQRGE W. SHUART
(W2AMN-W2CBC)

Here is just the transmitter the be-
ginner is looking for—it employs
two type 45 tubes as oscillators,
which yield practically as great an
output as the 10 type tubes, at far
less cost. Coil data is given as well
as specifications for building the
oscillater and also the power supply.

circuit being the only tuning control.
To faciitate the changing of grid coils
for the different bands, each coil is
cquipped with three small plugs that fit
into sorkets mounted on a strip of bak-
clite fzstened to the baseboard. The
construction of these coils can be clear-
ly seen in the drawings, and the num-
ber of turns for each band is given in
the coil table.

Plate Coils of Copper Tubing

Next we have the plate circuit. The
plate c¢ails for the 20, 40 and 80 meter
bands are constructed of one-quarter
inch copper tubing. The 150 meter coil
is of a different type. This coil is made
by winling No. 12 antenna wire (solid
enamelzd) on a two and one half inch
bakelite tube four and one half inches
long. Wind 25 turns on this tube very
tightly and space the turns with string
of approximately the same size as the
diameter of the wire. This winding is
then covered with clear lacquer or some
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such material that is a good insulator.
The other coils are spaced so that they
just fit on the two stand-off insulators
which are four and one half inches
apart. A 500 mmf. receiving type con-
denser is used to tune the plate circuit
and is shunted directly across the plate
coil causing both rotor and stator to be
at high RF (radio frequency) potential.
This will cause noticeable hand capac-
ity effects to be present when the con-
denser is adjusted and allowance should
be made for this. Be sure to use a
knob or dial that does not have its set
screw exposed where the body will come
in contact with it, or else a nasty burn
will be the result.

Simplification Achieved

From the diagram it can be seen that
no grid or filament bypass condensers
are used and the familiar “RF” choke
is omitted from the plate circuit. No
benefit was derived from their use and
for that reason they were not used.
However there is no law against them;
should the builder wish to incorporate
them in the set, a .0005 mf. bypass con-
denser in the plate voltage supply lead
is all that was found beneficial.

The method of coupling the antenna
to the out-put circuit of the transmitter
may cause some to wonder whether or
not there is something wrong with the
diagram. This transmitter was built

with a pair of antenna coupling coils,
one coupled to each side of the plate
tank and tuned with a variable con-
denser, just to see whether or not there
was any difference in the out-put and
the character of the signal. First one
coil was eliminated and then both were
taken out and the antenna connected
directly to the plate coil with results
being the same in either case.

Wiring the high-frequency part of
the transmitter is done with regular
hook-up wire and all connections well
soldered, except the two leads connect-
ing the plate coil to the tuning condens-
er; these leads are made of the same
size copper tubing as the coils.

The power supply to operate the above
transmitter delivers 400 volts at 150 mills
(m.a.) for the plates of the tubes and 2.5
volts for the filaments. A type 83 mercury
vapor rectifier is used because of its low
voitage drop, which provides very good
regulation. A filter consisting of a 30
henry iron core choke with a 2 mf. con-
denser on either side, produces very good
“DC” signal from the transmitter.

30,000 OWM e
BLEEDER z‘sf

Power Supply unit diagram

45

000
OHMS

h

(]
8+ 400V

l:, ®

KEY B-

i 3

The diagram above shows the hook-up of
the exceptionally few parts required in
constructing the “RT” Beginner’s Transe
mitter, which was especially designed by
Mr. Shuart so as to embody the simplest
possible construction at the lowest cost,
without sacrificing quality and efficiency.

Detafl of [ ]
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Putting the Transmitter on the Air

Getting the transmitter on the air is no
difficult task if a few pains are taken in
adjustment. After ull wiring has beeén
checked carefully to make sure that no

wrong connections have been made, con-
nect the power supply to the oscillator
unit, inserting a 0-100 milliammeter in the
positive plate voltage lead. It is best tc
put a resistor in series with this lead alsc
in order to start adjustments with a re-
duced plate voltage because if the plate
circuit is not in resonance with the grid
circuit the plate current will be very high
and probably damage the tubes or meter.
Do all tuning without the antenna con-
nected. Insert all tubes allowing them to
heat up sufficiently using the 80 meter coils
as a starter, close the key and be prepared
to tune the plate condenser immediately for
lowest plate current as indicated by the
meter. When this point has been reached
the resistor can be removed from the plate
circuit, allowing full plate voltage to be
applied to the tubes. The plate current
should now be in the order of about 50
milliamperes with no antenna load. All
that remains is to check the frequency in
the monitor, attach the antenna and we
are ‘“on the air.”

The antenna suggested for use with this
transmitter is the single wire feed Hertz,
which was described in September’s SHORT-
WAVE CRAFT on page 311.

COIL DATA
Plate Coils
Band Turns Diameter
160 26 see text
80 12 2% in.
40 6 23 in.
20 4 2% in,
The 80, 40, and 20 meter coils—1; in, cop-
per tubing.
Grid Coils
Band Turns Size Wire
160 150 36 D.S.C
80 78 36 D.S.C
40 42 26 D.S.C

26 D.S.C,
All grid coils wound on one-inch diameter
bakelite tube, with no spacing between turns.

List of Parts for “Oscillator”

1 Set of coils—see coil table

4 Bakelite tubes 1 inch Dia. 3 inches long

12 Banana type coil plugs

sockets for coil plugs

50,000 ohm resistor, 5 watts or over (grid-
leak) Radio Trading Co.

4 prong isolantite sockets

.0005 mf. variable condenser,

-3

(receiving

type.) )

double binding post strip, (Jaminated) Radio
Trading Co.

midget stand-off insulators

baseboard, 7x15 inches

type 45 tubes

OO 0 =N

List of Parts for “Power Supply*”

1 power transformer—2.5, 5, 400-0-400 Radio
Trading Co.

1 filter choke—-30 henries, 160 milliamperes,
Radio Trading Co.

2 filter condensers-——2 mf. 1000 volt rating,
Radio Trading Co. ’

1 4 prong socket ¢

2 dou!)le bin(!ing post strips, (laminated) Ra-

dio Trading Co.
baseboard, 7x15 inches

-

A Pyrex Glass Lead-in for Ten Cents

® Passing a store window advertising

Pyrex glass cups, about three and a
half inches in diameter, on sale at five
cents apiece and noting the resemblance
to the regular bowl shaped radio an-
tenna lead-ins sold at quite a high
price, two of these were purchased to
see if a cheap but good lead-in could
not be made from them,

The principal thing to be done was
to drill a hole in the bottom of each
cup to take the assembly bolt. This
was easily accomplished by cutting off
a few inches of Ys” copper tube from
an old automobile oil line, straighten-
ing and filling with -carborundum pow-
der ground from a hand bench grinder
and mixed with turpentine, then placed
in a drill chuck. Either a power or
hand drill can be used as but little pres-
sgure i8 required.

A disc of sheet iron was cut of a

diameter to fit near the bottom of the
cup, with a five-sixteenths hole drilled
in the center, to act as a guide for
starting the hole, being removed later.
A wood disc would do as well. Place
a couple of teaspoonfuls of turpentine
in the bottom of the Pyrex cup, set the
guide disc in place and start the drill,
held vertically of course. An annular
groove the size of the copper tube will
be formed in the glass due to the abra-
sive action of the carborundum powder;
if the grinding action ceases to be no-
ticed, file off the end of the tube, as
this may have been worn round, place
more abrasive in the tube and in the
bottom of the cup and continue. Do not
apply much pressure, especially when
almost through the glass. When the
drill comes through, reverse the cup
ar)g carefully grind through the other
side.
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How to use Pyrex glass cups to make a
first-class “lead-in.”

@
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Front view of the C.W. (code) amateur transmitter, which is here described in detail by Mr. Victor, together with its power

Amateur
C. W. & Phone

As far as DX is concerned, during
the week the set was under test (which
was poor, owing to summer conditions)
more than two dozen perfect contacts
were made from New York, with Eng-
land and Brazil as the furthest worked.

The outfit is divided into three
parts, the tube transmitter, the power
supply, and the antenna. This trans-

mitter can be used with any four-prong
tube, from a 30 with 90 volts of “B”
battery up to a 106 with 500 volts from
an A.C. power pack. For battery
operation a T1A or an 0l1A with 180
volts will give very good results. The
model illustrated uses a 45 tube for the
oscillator and an 80 for the rectifier;
because both of these are receiving
type tubes which can be purchased
very cheaply, but still will put out a
very healthy, respectable signal.

Briefly, the transmitter operates as
follows., The power transformer steps
up the alternating current, which is
rectified by the 80 tube and changed
to a pulsating direct current. This
current is then led through the filter,
which consists of the filter choke coil
and the two filter condensers,

The frequency on which a signal is
sent is determined by the tank circuit
L-1, C-1 (diagram). The grid circuit
must be approximately in resonance
with the plate circuit for feed-back
and oscillation to take place.

It is possible te use a fixed grid coil
for each amateur band, since one ad-
justment is adequate over a consider-
able range of the plate tank tuning.

The need for an antenna control is
eliminated by use of a single-wire, un-
tuned feeder connecting the plate cir-

supply unit,

TRANSMITTER

cuit and the antenna. The antenna,
or “flat-top’”’ as it is called, is tuned
to the desired transmission frequency
by cutting it to a predetermined length.

TRANSMITTER SPECIFICATIONS

L1 and L2, plate and grid coils.
Specifications given under the illustra-
tion of the cails.

C1, 350 mmf. (00035 m.f.) variable
tank condenser. Any good receiving
condenser will do.

C2, 2000 mmf., (.002 m.f.) fixed
plate blocking condenser, mica, receiv-
ing type.

C3, 2 2000 mmf. (.002 m.f.) fila-
ment by-pass condensers. Same as C2.

C4, 250 mmf. (.00025 m.f.) grid by-
pass condenser, mica, receiving type.

R.F.C., low resistance, high quality
radio frequency choke, capable of pass-
ing 100 ma. The one used is a Ham-
marlund.

R1, 150 ohm center-tapped filament
resistor, anything over 40 ohms can be

used.

R2, 50,000 ohm, 5 watt wire-wound
resistor.

S1, 4-prong socket to which filament,
plate, and negative leads are lead.
Cable from power supply plug into this
socket.

CONSTRUCTING THE SET

There should be no difficulty about
constructing the set, using the wiring
diagram and the pictures shown with
the story.

The base of the transmitter is a
board 12 inches long by 7 inches wide.
This should be sand-papered and given
a coat of varmish so that its appearance
is neat and workman-like. The board

Transmitters

A4

By Leonard
Victor, W2DHN

is mounted on four :ubber or mets
tacks, one in each corner, such as are
used under the legs of chairs, to allow
clearance for the two filament wires
and prevant scratching of the table on
which thz transmitter is placed.

The grid coils are wound with No. 30
double cotton covered wire on regular
coil forn:s. After the proper number
of turns has been determined, the coils
should be given a coat of eollodion or
clear varnish so they will retain their
characteristics.

The plate coils are wound of %”
diameter soft copper tubing. Wind the
coil around a pipe or dry cell approxi-
mately 2% ” diameter. Flatten the
ends and drill them to fit over the
machine screws on the stand-off in-
sulators. The stand-offs behind the
tank cordenser should be mounted 5~
apart between centers. .

The lay-out of the apparatus is self-
explanatory. The right-hand socket is
for the grid coil and just behind is the
grid leak and grid condenser (R2, C4).

The socket next to the tank con-
denser is for the tube. Behind the
tube, the three condensers in a row
are the two .002 mf. filament by-pass
condensers and the plate blocking con-
densers, C2, C3. The plate lead of the
tube is connected to one side of the
condenser stator and the other side of
the stator goes to the insulator at the
extreme left. The right-hand stand-
off is connected to the rotor of the con-
denser, the plate blocking condenser
and the R.F. choke. The socket at the
back is for the plug from the power
supply cable. The Fahnestock clips at
the right are for connection to the key.
All the parts are wired with regular
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Details of C.W. “Code” Transmitter

r 45
L2
4
R2
Ry hod
/ Tu
|y
C5-|o €3
X = 0-100 MA.
SKCALE METER F
IN KEYING
OR PLATE i hoMER
LEAD | /4 ‘socker
(T0P viEW)

The diagrams above show in schematic and also physical form how to wire the simple lay-out of parts comprising the C.W.

transmitter for amateur use, as here described by Mr. Victor.

A 45 or a smaller tube may be used as the oscillator.
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110 V:>
AC
60 CYCLES
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X1 : POWER TRANSFORMER.
CAPABLE OF GIVING 800V,
CENTER TAPPED, AT LOO MA.,
2'/2v. AND 5V, AC.

SW. = SWITCH IN AC. LINE YO
TURN SUPPLY ON AND OFF.

Ci{= 8 MF. 500V. PEAK-ELECTROLYTK,
C2= SAME AS Ci.
L= 30 HENRY 100 MA CHOKE

Ri= 15000 OHMM BLEEDER
10 WATTS.

p

The “power-supply” unit, using an 80 type tube for the rectifier, is shown in diagrammatic form above. It supplies 350 volts D.C.
for the plate and 2% volts A.C. for the filament of the 45 transmitting tuvbe.
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Top view of the C.W. transmitter, the construction of whirh is fully described in the accompanying article by Mr. Victor.
The set illustrated uses a 45 tube for the oscillator and an 80 for the rectifier.

square bus-bar, covered with spaghetti.
The connections to the plate of the
tube and the tank connections are made
of very heavy bus-bar to carry the high
current flowing in that circuit. The
filament leads from the tube to the
power supply socket are run under the
board. The 0-100 milliameter should
be connected in the keying ‘ecads. It is
usually most convenient to have it
right by the key.

The power stpply is mounted on a
varnished board, 12” x 9”, It is a con-
ventional unit of the same type as is
used on receivers, supplying 350 volts
direct current and 2% volts A.C. for
the filamenrt of the 45 transmitting
tube. A standard ‘“brute force” filter
is used, consisting of two 16-mf., 450
volt peak electrolytic condensers and a
30-henry, 150 milliampere choke coil.
Any suitable arrangement adaptable
to the parts at hand may be used for
the power supply unit and the plate
voltage may be anything available
from the transformer from 250 volts
up to 400.

A regular 80 tube is used as the
rectifier. The filament and the high
voltage plus and minus leads are con-
nected to the cable that runs to the
transmitter. A 10,000-ohm bleeder re-
sistor is used between plus and minus
of the high voltage to afford good
regulation and prevent a chirping note.

TUNING UP

After the transmitter is wired and the
antenna is up, the monitor is called into
play. Suppose we intend to work in the
80-meter band, on 3,575 kilocycles. We
have already cut our antenna according to
the measurement in the table for that
particular frequency. Put the 80-meter
coils in the transmitter. Tune in the band
on your receiver and set your monitor
just inside the low frequency edge.
Usually there are some stations operating
right on the edge of the band, but always

to be on the safe side, unless your mon-
itor is already accurately calibrated, set
it inside the first ten staticns you hear.
Plug your earphanes in oa the mon-
itor and then press the key on the trans-
mitter. Turn the transmitter dial until
the current goes down to its lowest poin},
about 30 (milliamperes). Somewhere in
the portion of the dial where the trans-
mitter draws mirnimum current, a whistle
should be heard in the earphones, signify-
ing that the set is operating O.K. The
grid coils will probably be all right, but
it may be necessary to add on or take
off a few turns until the transmitter
draws least curren: (without the antenna)
at the low frequency end of the btand.

Now clip the antenna on the tank coil,
one turn for 20, two far 40 and five for 80
meters, from the “cold” or plate blocking
condenser end.

As the dial is turned thraugh the Ire-
quency of the antenna, there should be a
sharp rise in plate current, as shown on
the milliameter. The antenna should be
clipped as far up to the ‘hot end” of the
tank coil as is possible, without spoiling
the note, becanse for good reliable opera-
tion the note must be pure D.€. The
transmitter will work only on the fre-
quency to whirh the antenna is cut, kence
if a frequency well in the band has been
chosen, there wiil be no worry about off
frequency operation. Always operate right
on the peak of the antenna, although in
case of interference a shift can ke made
up to 15 ke. each side of the peak. When
doubling the antenna, say using an 80
meter antenna on 40 meters, the peak will
be much broader. Always keep the mnote
pure d.c.

This set has been built to operate on
the three most popular amateur bands, 20,
40 and 80 meters. Twenty is the big day-
light DX band. Forty is usually goad for
about fifteen hundred mi'~s, although in
the early morning it is possible to work
Australia and New Zealand.

However, the best band for the fellow
just breaking in the game is the 30-meter

band. There are plenty of statious on all
day and all night, and hundreds of good
operators who will “pull up” and send
slow for a newcomer. After experience has

been wobtained on the 80 meter band, the
outfit can be put down on 40 and 20

ANTENNA DAtA

Feeder Lenxch
from center

Frequency Antenna Length of aertal
DM KC 134 ft. 18’ R7
3400 KC 132 ft. 18" 5”7
30 Ke 129 fe. 18’
IR00 KC 125 97 177 67
36 KC 122° 57 7

! 17
For i0 meter merisls multiply the frequency by 2 and
divide the aerial and feeder placement lengths by 2. For
20 weters multiply and dlvide by feur. The bands are

a3 follows:
80 m. 3560 to 400D ke
40 m. 7000 to TFN ke
20 m. 14000 to A4.4D0 ke.

Use good Irsulators, measure carefully, and -older the
teeder on tighrly.

Power Supply Parts List
Acratest power transformer (T)
Eby socket 4 prong (S)
Duul 8-mf. Acratest electralytic cond. (C)
30-henry, 150 ma. choke (:3)
10,900-ohen Bleeder resistor 50 watts (R)
Waoden base hoard
4 wire cable
4 wire socket plug

Grid and Plate Coil Specifications
Grid Coils 80 m.—i0 turns Wound on
No. 30 d.c.e. 4+ 40 m.—15 turns } coil form-——

wire 20 m.— 6 turns 1% " diam.
80 m.—14 turns
Plate Coils { 40 m.~— 6 turns %" copper
20 m.— 4 turns tubing

TRANSMITTER PARTS
set of grid coiis (See specsz.) L-2
set of plute coils (See specs.} L1
Acratest .00035 mf, tuning cond., C1
.002 mf. mica C2, C3
.00026 mf. mica C4
Hammarlund RF. Choke R.F.C.
Acratest 150 whm CT Reristor R1
Acratest 5 watt resistar G#,000 ohms R2
Eby Sockets
Weoden ba:e board 7"x13"
0-100 Readrite milliammeter
e

B33 FT, —————>

Ty LY S

Ll Ll Ll

T [

e 471" e 187 e 66'6" —

Diagram of typical antemma for 3575 ke.

Ant. of No. 14 solid enameiled copper

feeder of heavy rubber covered lead-in

wire. Use good insulators. Solder feeder

on carefully. Feeder at right angles to flat
top far first 309; of distance.
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Complete short-wave station set-up,‘with S-W receiver at the left, together with the M.Q.P.A. transmitter at the right.

Amateur Transmitters
How toBuild,Install, andOperate Them

In this second article on Amateur Transmitters,
Mr. Victor explains at length how to build the

greatly desired Radio Frequency Amplifier for

use with the oscillator.

Among other advantages gained by the use of an
R.F. amplifier for transmitters are the steadier

signal and the greater percentage of modulation
which can be obtained.

® THERE are innumerable advantages

to be gained by the use of a radio-
frequency amplifier, among which only
the major ones will be mentioned here.
Uncle Sam, through the Federal Radio
Commission, Fas enacted regulations to
the effect that phone should not be used
on a self-excited oscillator—hence the
need for an R.F. amplifier. Modulating
an oscillator directly causes a broad,
mushy signal that eats up far too much
space in our already over-crowded
“ham” bands. Likewise modulating an
oscillator on the 160 meter band will
inevitably cause complaints from
broadcast listeners in the neighborhood.

Oscillator modulation cannot be in-
creased above 30% without bad distor-
tion, whereas 100% modulation can be
used on an amplifier. Since a ten watt,
100% modulated carrier is just as ef-
fective as a fifty watt, 30% modulated
one, it will be seen that much less
power gives far better results when an
R.F. amplifier is employed.

An amplifier greatly increases sta-
bility, that is, gives a much steadier
signal, and, usually, a better note than
just a straight oscillator. Those who
have used self-excited, self-controlled
outfits have probably noticed that when
the aerial moves in the wind, there is
an annoying change in frequency. Like-
wise any change in plate voltage or
load conditions brings about a corre-
sponding change in the frequency of
the transmitter. Using an amplifier,
there will be no noticeable shift in the
note, even during a heavy storm, and

the plate voltage may vary as much as
25% without detrimental results.

Just as when an amplifier is used on
a receiver, greater power output is ob-
tained. With a grid input from the
tank of the oscillator of only 3 to 5
watts, outputs of the order of 15 to 25
watts can be obtained.

This particular arrangement of os-
cillator and amplifier works excellently
on all bands and is admirably suited
for future use as a phone transmitter.

As in the single-control transmitter,
the buying cost is kept low, and the
unit is very simple to build and operate.

During tests with a station in Eng-
land, the power (plate volts times
milliamperes) was gradually lowered
until we were finally putting signals
across the “big pond” with less than
10 watts input! That is, we were ac-
tually using less power to work 2,700
miles than would light a small electric
light bulb!

Technical Description

A radio frequency amplifier is very
much like an audio amplifier used in a
receiver. It has a grid input circuit
which gives it push or excitation as it
is called from the preceding stage (in
this case a self-excited, self-controlled
oscillator).

A single tube of the 46 type is used;
this tube is admirably suited to “ham”
use because of its relatively high effi-
ciency. It requires no battery bias for
good operation, which eliminates one
of the nuisances in phone work. Like-

wise, because of the very high gain of
the tube, very little excitation is neces-
sary. This allows running the oscillator
greatly underloaded and produces a
very steady note. This is likewise
highly desirable for phone work, as
with less excitation there will be less
intercoupling between oscillator and
amplifier.

The 46 has two grids between the
filament and plate. These are tied (con-
nected) toget!:»r, making a very high
impedance tube.

There is a tuned plate circuit which
uses the same size coil and condenser
as that employed for the oscillator,
(described in first article, last month.)
For code (C.W.) work it will be found
better to use coeils with a few mcre
turns, and hence use less of the con-
denser capacity in tuning to the same
frequency. The less condenser and the
more coil used in a transmitter, the
higher the efficiency. However, the less
the condenser, the lower the dynamic
stability. A happy medium has to be
experimentally struck and is slightly
different for phone or code.

The customary by-pass condensers
are used in both the filament and plate
circuits. Plate voltage is fed at the
center of the tank coil as this is the
“cold spot” of the transmitter.

Also there is a midget variable con-
denser, called the neutralizing con-
denser, which cancels the grid-to-plate
capacity of the amplifier tube and pre-
vents it oscillating of its own accord
on a different frequency than the pre-
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The peutralized amplifier and
article hy Mr. Victor.

ceding stage, which should not occur.

The R.F. chokes used are very heavy
duty units which happened to be handy,
but almost any good choke can be used.
Test your chokes with a neon bulb.
There should be no glow at the “cold
end,” but a pronounced glow at the
tank end of the choke.

Chokes for transmitting purposes
should be of low resistance and be
capable of handling heavy current. The
actual value of a choke can only be
proven under test.

Care should always be taken to use
good fixed condensers as this has a
great deal to do with the final per-
formance of the set.

Likewise the variable tunk condenser
should have very good insulation be-
tween the stator and rotor.

Building the Transmitter
Looking at the accompanying pic-
tures and diagrams there should be no
trouble experienced in building the

power-pack for use in conjunction with the Master Oscillator described in last mon‘th's
This power amplifier uses a 46 tube and requires no external biasing battery.

unit. The baseboard is 7 x 13”; sand-
paper and varnish this board for a neat
appearance. The three condensers
mounted in a row at the back of the
board are the .002 mf. filament and
plate by-pass condensers. The plug
from the power cable plugs into the 4-
prong socket at the rear right of the
transmitter. What is mnormally the
cathode connection on a 5-prong socket,
and the grid connection, are soldered
together for the two grids of the 46.
Spacing between the stand-off insula-
tors is five inches.

All tank connections are made with
tinned copper braid, and the filament
and choke connections are made of bus-
bar covered with spaghetti insulation.
Extreme care should be taken with the
wiring, inasmuch as one poorly soldered
connection will inexplicably spoil the
operation of the transmitter.

Power Supply Details
A different power supply is used this

month, because the current drain is
much higher. Also, for voice (phone)
work later it will be necessary to use
two power supplies. The power trans-
former is a substantial unit supplying
400 volts at 150 mills (milliamperes).
5Z3, the successor to the 280, is used
as a rectifier tube. This tube has very
low voltage drop, and passes high cur-
rent. A 4mf. electrolytic, a 30 henry
150 mill. (M.A.) choke, and an 8 mf.
electrolytic condenser comprise the
filter circuit. A 20,000 ohm, 50 watt
resistor is used as the bleeder resist-
ance.

The two power supply plugs, to
go to the oscillator and amplifier have
parallel plate and grid (really plus and
minus) connections, but different fila-
ment supplies. A separate filament
transformer is used to afford better
regulation; if the filament windings
were on the power transformer, their
voltage would fluctuate with the load
drawn from the high voltage circuit.
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The same type of antenna, as was shown
last month, namely matched impedance,
single-wire voltage-feed, is used on the
amplifier.

The cold point, however, is now the
center of the coil, and the antenna is
clipped towards the plate end from this
point, until further advance spoils the
note.

The oscillator should be carefully placed
so it will receive no vibrations from any-
thing in the room. Many an otherwise
perfect set has put out a miserable note,
merely because the key was too mear the
oscillator and was shaking the tank coil!
Mount the oscillator board on a rubber
kneeling pad, or rubber sponges.

Tuning Up

1. Clip the excitation lead from the
.00025 mf. grid condenser about half-way
up from the “cold” end of the oscillator
tank, i.e. about two turns for 20, 3% for
40, and 7 for 80. This excitation adjust-
ment should be increased until an in-
crease does not bring greater output.
{‘Iebver over-excite, as this will ruin the 46
ube.

2. Have the 46 in its socket but re-
move one of the leads from the Fahne-
stock clips, to cut off the high voltage.
Now place a neon tube on the grid end of
the amplifier tank and turn it until R.F.
is shown by a reddish glow in the bulb.
Then turn the neutralizing condenser C4
until the glow goes out. This point is
usually found with the condenser almost
fully opened. Check this by again tuning
the amplifier tank and neutralizing any
slight glow remaining. The monitor
should be used as a final check of neutral-
ization. With plate current off the P.A,,
(power amplifier) it should be possible to
tune the P.A. tank condenser through res-
onance without making any appreciable
change in the note from the oscillator as
heard in the monitor.

3. Now connect the meter and apply
voltage to the 46 tube. Tune the tank for
minimum current.

4. The antenna is used in the same
fashion as on the T.N.T. rig. However,
since a more stable unit is supplying
power, try for the highest possible output.

The transmitter is still keyed in the
center tap of the oscillator. as the 46

amplifier does not draw current without
excitation.

Will answer letters sent me in care of
SHORT WAVE CRAFT, provided they con-
tain stamped, self-addressed envelopes.

Amplifier
Parts List

1 Eby socket 4 prong socket

1 Eby socket 5 prong socket (46)

3 Acratest mica condenser .002 mf. (C1)

1 Acratest mica condenser .00025 (C2)

1 Acratest 10,000 ohm 5 watt resistor (R1)

1 Acratest 50 ohm C.T. rexistor (R2)

2 Acratest stand off insulators

1 Acratest .00035 mf. tuning cond. (C3)

2 Hammarlund R.F. chokes type CH500 (RFC)

1 Hammarlund .00005 mf, midget cond. (neutra-
lizer) type MC-50-8 (C4)

2 Fahnestock clips

1 Wooden baseboard 77 x 147

Power Supply Parts List

1 Acratest power transformer, glving 500 volts
elther slde of center tap (T1)

1 Acratest filament transformer (2.5 volts) (T2)

2 Acratest electrolytic filter condensers 4 mf. 1000
volts (C1, C2)

1 Acratest choke 150 M.A. 200 ohms D.C. (CH)

1 Acratest voltage divider 10,000 ohms 50 watt
(R1)

2 Eby 4-prong socket

1 Wooden base-board 1114”7 x 97

ADDING PHONE

In this photo we see the complete “Ham” transmitter, comprising the oscillator and amplifier described in the last two issues,
also power supply unit in upper right-hand corner; in the upper left-hand corner MO indicates the new modulator unit, described

How 1009 Modulation Works

First, let us consider how an ampli-
fier works when it is properly grid-
biased for modulation (biased so the
tube when tuned to minimum draws a
very low plate current without an-
tenna load). When the voltage on the
plate of an amplifier is raised, the out-
put is increased; conversely, when the
voltage is lowered the output goes
down. The function of the modulator
is to vary the instantaneous plate volt-
age in exact proportion to the sound
waves of the voice striking the micro-
phone. To effect complete, or 100%
modulation, it is necessary to vary the
output from zero to twice the normal
amplitude. Commonly the power out-
put is varied by varying the voltage
applied to the plate of the amplifier

this month, with hand mike “M.”

tube that 1s being modulated. Like-
wise for 100% modulation the output
of the modulator must be at least one-
half the value of the input to the radio
frequency amplifier for best results.

The plate input in watts is the plate
voltage multiplied by the plate current
in amperes; for example, 300 volts x 40
milliamperes (.04 amperes) equals 12
watts. The modulator is Teally an
audio output power-amplifier, using
the transmitter as a load resistance, in-
stead of a loud-speaker.

The final requirement is that the
load resistance be correct for the par-
ticular modulator used. Every tube is
so designed that it is supposed to de-
liver its maximum power output to a
certain value of load resistance. The
particular amplifier used works into a
load resistance of 8000 ohms. but we

divide this in two, without losing any
appreciable power by coupling to the
center tap of the audio output trans-
former and to the plate of one speech
output tube instead of two. Hence we
have an impedance of 4000 ohms,
which works well into the 46 radio fre-
quency amplifier. Here is a summary
of the steps necessary to apply modu-
lation to a transmitter:

1. Determine the power output in
watts of the modulator (in this case 6
watts) by referring to the data charts
supplied by the tube manufacturers,
for the particular type tubes being
used.

2. The plate power-input to the
R.F. amplifier is twice this value;
hence in our case it is 12 watts.

3. Ascertain the load resistance of
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modulator and make
sure it matches the
R.F. amplifier. In order
to find plate resistance
of the R.F. amplifier
divide the voltage by
the current in milliam-
peres. Formula is 4.
The load resistance of
both must be- approxi-
mately matched for
maximum power trans-
fer from modulator to
R.F. amplifier.

previous
Changes for 160 Meters

data.
There are only a few
slight changes to be made in the trans-
mitter for 160 meter work. First, the

coils: these are wound with bell wire,.

cotton covered, No. 18 or 20. The
oscillator coil is wound with 30 turns,
and the excitation tap is about one-
third of the way up from the cold, or
plate-blocking end of the coil. The
exact turn must be determined experi-
mentally, the idea being to keep it as
near the cold end as possible, with the
amplifier tube drawing only a few or
no milliamperes, without the aerial
connected. The amplifier coil has 35
turns, and is tapped at th center for
the power supply clip. Both coils are
wound on five-inch lengths of three-
inch diameter tubing. The antenna coil
is wound on a three-inch piece of the
same diameter tubing, with 25 turns.

The Antenna
Next comes the antenna: For our

In this installment of Mr. Victor’s
describing Amateur Transmitters—How to
Build, Operate and Install them, the theory
and particularly the construction of a reason-
ably priced yet efficient “modulator” is de-
scribed. Those interested in building an up-
to-date “Ham” transmitter should study the

important

articles which provide

hook” is used. It should be a straight
piece of wire, somewhere in the neigh-
borhood of 150 feet in length, includ-
ing the lead-in and ground lead. Ten
feet more or less will make no real
difference. The antenna is connected
to the .00035 mf. aerial tuning con-
denser, the other side of which is con-
nected to the 25 turn coil. The other
end of the coil goes to ground. Try
to get a good solid ground to a cold
water pipe. This antenna ground ar-
rangement is known as a Marconi
system.

The antenna is coupled as follows:
Tune the amplifier tank to the point
where minimum current is drawn;
then slowly turn the aerial condenser
until there is a rise in current. Retune
the tank for minimum again, which
should be higher than before. Con-
tinue this until the set draws 40 mills
(milliamperes) with the tank tuning
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is the proper load
point, as the amplifier
1s now drawing 12
watts; if the voltage
has been set at exactly
300.

The bias resistor on
the 46 tube should be
changed to 20,000
ohms, or better still,
use a 45 volt battery
as bias. Connect the
plus of the bias bat-
tery to B minus on the
power supply, and the
B minus to the grid
R.F. choke, in place of
the resistor. If a battery is used,
slightly better results will be obtained ;
connect a .002 mf. mica condenser be-
tween the plus and minus of the bat-
tery.

series

The Modulator

A maaulator is really an audio fre-
quency amplifier, such as is connected
1o any receiver after the detector.
However, for transmitting purposes
the amplifier must be capable of de-
livering 5 or 6 watts, which would be
sufficient to run several large loud
speakers. The particular modulator
used is one which your author bought
a short while ago for “public address”
work. It is an excellent unit, very low
in price, not running mueh over the
ten dollar mark, including tubes. Like-
wise the type of tubes used are easily
available and are very low in price.

purpose a very simple type of “sky- at the minimum current point. This This perticular amplifier is a manu-
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factured outfit, but there are many similar
units available on the market at surpris-
ingly low prices. For the fellow who pre-
fers to “roll his own,” a full description of
the amplifier follows. It can be very easily
built in “bread-board” form, and if the
power supply used for the transmitter is
good and husky, it might likewise run the
amplifier. However, in most cases it will
be advisable to build up a separate power
supply, such as was described in the first
article of the series, which appeared in the
September issue.

The amplifier is conventional in design.
A single-button microphone transformer is
fed into a type 56 tube. This is the later
model tube which replaces the 27 tube. If
27's are available they will work approxi-
mately as well. The first stage is resistance-
coupled to another 56. This is transformer
coupled to two 45 tubes working in push-
pull. We couple to the primary side of the
transformer with condensers. These are
four microfarad units rated at 800 volts, al-
though 600 volt units will stand up OK.
All the resistors in the set are one-watt
carbon units, except the 1000 ohm, 45 bias
resistor, which is of 5 watts rating, wire-
wound. The two 6 mf. filter condensers are
rated at 600 volts. The filter chokes are
rated at 30 henries, 150 M.A. each. A reg-
ular type 80 full-wave rectifier is used to
supply the high voltage direct current. The
gain control in the circuit of the first audio
stage is a 250,000 ohm potentiometer. A
constant-current choke is used in the plate
lead of the RF amplifier. The rating of
this choke is 30 henries at 150 milliamperes.
Extreme care should be taken that a well-
made, husky power transformer and modu-
lation choke are used.

The microphone transformer has a pri-
mary input of 200 ohms, the same as the
resistance of most good standard single-
button microphones. The amount of battery
used with the microphone depends on the

The author with hisx transmitter constructed from an old
neutrodyne recciver.

By LOUIS F. LEUCK

® I'HIS 1s the story of how an anti-

quated 5-tube, 3-dial neutrodyne type
of broadcast receiver was changed to a
low-power amateur phone and code trans-
mitter of the master oscillator - power
amplifier type, employing two stages of
speech amplification and 100 per cent
modulation. From an' obsolete, discarded
receiver to one of the most modern types
of transmitters surely is “reversed radio”
in my opinion. The type of receiver that
was used may be found in many an attic
or purchased very reasonably. Sufficient
information is given below to enable the
reader to do a similar job of remodeling
if he desires.

Reversing Receiver Into Transmitter

In making the change the wiring was
altered, but practically all the parts of

unit itseit. ‘I'he particutar mike used is an
RCA-Victor unit, which has been com-
monly selling for less than two dollars.
Ordinarily, 3 volts are used, but for higher
output, and to enable one to speak further
from the mouthpiece, as much as twenty-
two and one-half volts may be used without
harming the “mike.” A single-pole switch
should be used to turn off the mike current
“when listening to the other fellow.”

There are several coupling arcangements
shown in the diagrams, which will cover the
problems arising with any type of ampli-
fier used. Connect the transmitter power
supply minus to ground. Likewise run the
lead from the other side of the condenser
that goes to the center-tap of the push-pull
modulator output transformer, to ground.
If a voltage divider (resistance) is used to
get the exact 300 volts, be sure the tap is
by-passed to ground by a one mf. 400 volt
condenser.

Tuning Up!

The transmitter is set up with the 160
meter coils in it. Modulator, power sup-
plies, (or supply, if only one is used for
both oscillator and amplifier), and micro-
phone are all hooked up. By means of the
monitor, tune the oscillator to the part of
the band in which operation is desired, tap
the excitation coil one-third of the way from
the “cold” end of the oscillator plate coil,
and neutralize the amplifier according to
instructions given in the previous issue.
While neutralizing, the modulator should
be on, but with the volume control turned
all the way off. Likewise be sure that the
antenna is off while neutralizing, Next
tune the amplifier for minimum current, and
adjust the antenna coupling until the plate
meter reads 40 mills, (MA.), or whatever
the proper value for the modulator is. As
an example, if a ten watt modulator were
used, the coupling would be adjusted until
the plate current registered approximately

the receiver were used except the de-
tector coil and coil form. The two radio
frequency stages became the master os-
cillator and power amplifier. The audio
frequency system remained an audio sys-
tem, the detector becoming the first am-
plifier and the original output tube being
elevated to the position of modulator.
The antenna series tuning condenser was
originally the detector stage tuning con-
denser. The master oscillator tube, coil
and tuning condenser was originally the
first R.F. stage.

In making the conversion an attempt
was first made to trace all wiring care-
fully and so do the job with the fewest
possible changes of wiring. This worked
out quite nicely as far as the filament
wiring was concerned, and also fairly
well for the balance of the changes in
the audio frequency system. In fact, it
is really important that the connections

67 mills (M.A.) at 300 volts to obtain 20
watts of input power to the amplifier. With
the antenna coupled, run the gain all the
way up, and check with the monitor. At
zero beat, the voice of a person talking into
the microphone should be heard clearly and
distinctly. If instructions and the rules
set down have been scrupulously followed,
and the proverbial grain of “horse-sense”
has been used, there will be no trouble en-
countered. 73’s and if you do strike any
“snags,” write to me and I will be glad to
do what I can to help clear them up. How-
ever, please enclose a stamped, self-ad-
drgssed envelope, as last month’s mail ate
quite a large hole in my pocketbook for
stamps, not to mention stationery.

Parts List

1—Acratest microphone transf. X1.

1—Acratest push-pull input transf. X2.

1—Acratest push-pull output transf. X3.

1-—Acratest power transformer 400-0-400 X 4
5V.—21%—21%,

3 30 henry 150 M.A. Acratest filter chokes
(L1, L2, L3).

C1, 2—6 mf. 600 V paper or electrolytic con-
densers.

C2-1—Acratest .01 mf. bypass condenscr.
2—5 prong sockets.
3—4 prong sockets.

C3. 1—4 mf. 800 volt condenser.

R1-—250,000 ohm variable potentiometer, Acra-
test.

R2—2500 ohm resistor, Lynch (International).

R4, 1—75.000 ohm resistor, Lyncn (Interna
tional).

R5. 1—1 meg. ohm resistor, Lynch (Interna-
tional).

Ré & 7. 2—45 meg, resistors, Lynch (Interna-
tional).

1—1 watt carbon resistor-—Acratest.

R8-1—1000 ohm 5 watt resistor.

R9-1—20 ohm CT (center tap) resistor.
(Note: The complete medulator as shown in

the photograph and referred to by the author

is manufactured by Federated Purchaser.)

MAKING A

Short-Wave

TRANSMITTER

from a

Neutrodyne

to the audio frequency transformers re-
main poled as they were in the original
set. If this is not observed there will
be a tendency to “howl” at some audio
frequency. If any such tendency exists
in the completed transmitter it can usu-
ally be cured by placing a resistor of
about 100,000 ohms across the secondaries
of each of the transformers. If the ten-
dency still persists, lower resistances
should be used.

A telephone induction coil serves as a
modulation transformer. This was used
partly because it happened to be avail-
able and partly because there would ac-
tually have been too much gain if a
regular modulation transformer had been
used. If a regulation modulation trans-
former is used it is permissible to omit
one of the stages of spcech amplification,
though the operator may have to raise
his voice a bit above normal. An auto-
mobile ignition coil may be pressed into
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FIG. 2

Circuit above shows how Mr. lL.enck hooked up the microphone and key connections to his revamped neutrodyne receiver,

which then served him as a short-wave phone nnd code trnnsmitter.

service as a modulation transformer if
no other is at hand, without introducing
appreciable distortion.

All three of the tuning coil forms were
removed and the detector coil form dis-
carded. One of the others was then re-
wound with 30 turns, center-tapped, of
the nriginal wire. This became the plate
and tickler coils of the master oscillator
(L1 and L2 in Fig. 1), Twenty-seven
turns of No. 18 D.C.C. wire were wound
on another form, which serves as the
plate coil of the power amplifier. Eleven
turns of the original wire were wound
on as the tickler. These are designated
as L3 and L4 in the figure. The grid
coils of this particular receiver each had
53 turns originally. If a receiver having
different size coil forms and a different
number of turns is to be remodeled, the
correct number of turns can be arrived
at by taking the same ratio of turns
for the various coils as was done in the
set described here. In order that the set

may be properly neutralized, L3 and L4
must be wound in the same direction.
Another way of saying it is that L3 and
L4 are essentially a tapped winding. The
connections of the master oscillator and
power amplifier plate coils to their re-
spective plates should be made in the
same way. For example, the plates
should be connected to the top ends of
the coils in both cases. If this is done
and both coils have been wound in the
same direction there will be no trouble
experienced in neutralizing. One of the
original neutralizing condensers is satis-
factory if it doesn’t happen to be too
small, as it was in this set.

Note that in a receiver the grid coil
is tuned, while in a transmitter the plate
coil is tuned. This makes it’ necessary
to switch plate and grid connections on
both of the R.F. tubes. That is one of

the reasons why it is best to just cut all
wiring except filament leads away from
these two tubes and their associated coils
and rewire according to Fig. 1. This re-
ceiver happened to have two rheostats,
two jacks and two switches and so use
was made of all of them. All that is
really necessary in this line is one fila-
ment switch (SW1) and a single fixed
resistor which will handle five tubes.
With the arrangement shown the Heising
modulation system choke is short-circuited
when the key is pushed in the jack for
code work, A switech could be arranged
to do this if keying impacts proved to
be too noticeable with the choke in the
circuit.

Tubes and Voltages

Three of the tubes are '01A’s, the
power amplifier is a "12A and the modu-
lator is a '71A. With 135 volts on the
plate of the modulator tube, 22% on the
first audio tube and 90 on the remainder,
the whole outfit operates with rather high
efficiency. A consideration of the rated
output of the '71A and its plate resist-
ance at 135 volts, and also that of the
’12A at its operating voltage of 90, shows
that conditions are just about right for
100 per cent modulation without over-
loading or overworking the '71A. The
load resistance relations between the two
tubes are just about ideal for the '71A
to do its most effective work as a modu-
lator. An additional 45-volt battery serves
as a voltage booster for the modulator
tube. Its positive is connected directly
to the plate of the ’71A and its negative
is connected to the 90-volt plate lead
to the ’12A on the plate side of the
Heising modulation choke. (A “B” elim-
inator filter choke is used as a Heising
choke.) A “B” eliminator may be used
as, a source of plate supply if desired.
This requires an additional 30-henry

Fig. 2, nt right, showx connections of “«B” eliminator,

chcke and a couple of 0.25 to 1 mf. con-
densers. The connections are shown in
Fig. 2,

This “ransmitter was intended for low-
power work and for use in places where
it is necessary to use battery power. It
is easy on both the plate and filament
hatteries.

Tuning and Neutralizing

The setting of the master oscillator
tuning condenser determines the wave-
length. With the coils as given, the set
will tune down to the “86-meter band”
also, but will not be operating with “high
C” which is desirable for stability of
frequercy. The first step in the tuning
process should be to set the oscillator
frequency within an amateur band. With
the master oscillator tuning condenser
set at 50 the wavelength is around 160
meters This may be checked approxi-
mately by listening to other transmitting
amateurs and comparing frequencies if
no frequency meter is available.

The next step is necuiralization and
since this is something of a mystery until
one has once successfully accomplished
the feat, some pointers will be given.
The reason for the elahorate row of
Fahnestock clips along tae rear of the
transmitter now becomes apparent, Since
the transmitter’s power is low, it was
found advisable to use the D.C. plate
meter method of neutralization. In neu-
tralizing the power amplifier with this
method, its power should first be cut off
by rerioving the 90-volt lead at the clip.
A 25 ma. meter should then be connected
temporarily in series with the 90-volt
lead to the master oscillator. When os-
cillating properly without load, its plate
currert will be 6 to 8 ma. Next the plate
circuit tuning condenser dial of the power
amplifier should be rotated back and
forth. When resonance with the master
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Tywo interesting photos of Mr. Lenck's short-wave phone and code transmitter constructed from a once-famons nentrodyne
receiver, which he hanled down ont of the attie.

oscillator is passed, the needle of the
milliammeter will “kick.” The neutraliz-
ing condenser should be adjusted until
the “kick” is absent, or nearly so. Twirl-
ing of the dial bhack and forth should
alternate with adiustments of the neu-
tralizing condenser until the desired “no
kick” position is found. The power am-
plifier is then neutralized. The milliam-
meter should then be changed to the plate
lead of the power amplifier and its plate
power applied. Its plate circuit must be
tuned to the same frequency as that of
the master oscillator. There will be n
sharp downward dip of the milliammeter
needle at this point.

The Antenna

Now we have arrived at the point
where the radiating system should be
connected. A wavelength of 160 meters
requires an antenna mpproximately 120
feet in length. The ground should b~
as short and direct as convenient. If it
nas an appreciable Jength compared with that
of the anteana. the antenna should be short.
ened just the length of the gronnd lead. M a

contterpaise ix used in place of an antenna, it
shonld "e the same length as given above for
the antenna and may extend in any direction,
Eut the oppoesite diveetion is preferable.  The
radiatimg system iy tuned to the transmitter
frequeney by means of the antenna series tuw-
ing rondenser. ‘here will he a sharp increase
c¢f plate current to the power amplificr as the
radiating systemt is tuned through resanance,
If the plate current is hixgh at all scttings of
the antenna series comlenser the coupling is
prohably too close. This means that the num
ber of turns in use in the antenna pick-nup coil
shoult be reduced. If connceting the radiatin:
system and tuning it has no noticeable offect
on the plate current to the power amplifier,
the sy<tetn is probably too long or too short.

Ne antennn current indieator 18 uecessary,
If one is desired the filament of a deactivated
109 tube in series with the antenna will serve,
It will glow at just about normal briHlianey
with the antenna current that this transmitter
can supply. The silvery coating within the
tube may be evaporated by holding the end
of the Imlb over a het flame for a time and
sp makinz a ‘“window” throngh which the fila.
ment may be more readily observed.

Daoes the set really work? Well, on the very
first fest a station thirty miles away was
“worked.” who gave » very flue report,  Next

a station tifty miles away was “worked” ane
a similar repert received, and this was fol
lowed by a report from a station nearly -a
Lhundred miles away Not bad for dayxlizht

work and the very first time on the air! The
night range i3 much greater of conrse. A
pleasant surprigse was that duplex telephony
was possible with this transmitter, On ac
count of the low power it is possible to trans
mit and listen-in at the same time and in the
same band.

Tube Data Chart

Tube Type Plate Platc
Na.in of Volt- Curr.
fig.1 Tube Tube Uxc Qrid Bias age milly
1 201A M. Osc. 25,000 a0 12
ohmg. 1.
2 1124 I Amp. —27 4 14
3 201\ 1st A, Amp. (—1) 221, X
4 201A 24 A Amp. —41) 00 25
M 171A Mod. —27 135 17

With a completely battery operated set, all
the above values except plate, currents are pre-
determined. ‘The plate currents to the master
oseillator and the power amplifier are deter-
mined by adjustments and load. Attenna coupl-
ing, etc., should be varied until the nhove values
are approximated. The above values are alxo
helpful when a “B” eliminator is used

Transmitter Plate Supply from Ford Coils

® FOR the fellow who has no A.C.

current at his elbow and has to re-
ly on a bank of “B” batteries for the
plate supply for his transmitter, a good
way to obtain the current is to use
the ordinary igrition coils taken from
an old Model “T” Ford car.

By using two of these coils with 12
to 18 volts on the primary, from three
to five hundred volts can be obtained.

I have been using two of these coils
with 12 volts on the primary and have
gotten fair “DX.” The type of trans-
mitter I use is a series-feed Hartley,
but any other type may be used with
the sgme results. In about four
months of operation with these coils all
but the 6th and 7th districts have been
worked on the BO meter band. I al-
ways get fine reports on signal strength
and generally get the report that my
signals are “pde” and sometimes I get
a report that my note is “xtal de.”

The vibrator on the coil must be
made to vibrate at a higher frequency
to get higher voltage. This is accom-
plished by cutting a piece of postal
card large enough to be doubled and
put between the vibrator and the mag-

net of the coil. The frequency then is
adjusted by the little nut on the coil
to a point where the vibrator has about

0 mif3m
VOLTAGE

TRAnSFORMER i

CLIPS On

TO FILAmMENT
OF OSCiLLATOR
TUBE (TRE CCA
QRECT vOLTAGE
BEING TAPPED _

QEE THE , wr
.nvlllv){ } 'J
*—[:—-*‘ UL
8
& — § vour stueace satreax
@ — 12 VOLTS (2 STORAGE GATYERIES)
& - FORD SPARK COILS
v — 280 RECTIFIER Tusd
¢ — 2MF 1000 YOLT FILTRA CONCe~nSE®
X - KgEv
™ —  HiGH VOLTAGE TAP ON CORS

How to use two Ford spark (ignition) coils

to obtain high voltage for plate supply

of transmitter. The tube “V” rectifies the
secondary voltage.

a 500 cycle note which is pleasing.

A separate battery must be used for
the rectifier tube if it is one of the
filament type, such as the 280, which
is used at my station. A BH rectifier
may be used, however, if desired.

If the filament supply for the oscil-
lator tube of the transmitter is gotten
from the same battery as the supply
for the coils the center-tap connection
on the filament leads to the oscillator
will have to be taken loose, because
this connection will already be made
at the battery when it is connected

The keying is in one- of the leads to
the Ford Coils instead of at the trans-
mitter proper as is generally the case.

The filter condenser is very essential
and if it is left out an A.C. tone will
result in the note of the transmitter,
1f it is found to hold a charge large
enough to make the note of the trans-
mitter have *tails” or a backwaere on
it, which can be told by listening on
the monitor, a relay may be connected
so that when the key is pressed, the
lead to the plate of the oscillator tube
will be completed ana wnen tne ey is re-
leased it will break the circuit.
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Both schematic and picture diagrams are given above, showing how to build the crystal-controlled transmitter here described at

length by Mr. Yictor.

HOW TO ADD CRYSTAL CONTROL

Even a self-excited oscillator is stit
0.K. provided pure D.C. power supply
is used, and the frequency is carefully
checked, but the safest thing to do is
to get some other type of control that
guarantees absolute stability and as-
sures that the frequency is well with-
in the band. Crystal-control is the
answer to this problem. Provided a
good quartz crystal is used, the trans-
mitter will operate only on the fre-
quency of the crystal, and thus for-
ever eliminate all worry about being
out of the band. Also with ‘“xtal’” it
is much easier to get a pure note, even
though little filter is used in the power
supply and the rig is maladjusted. Try
getting a good steady note with some-
thing “haywire” in a self-excited
xmittr. 'Nuff sed!

Technical Description

The transmitter proper uses two
tubes, a 2A5 tube as the oscillator and
a type 46 tube as the amplifier. The
2A5 is one of the newer type tubes re-
cently released. It is a pentode simi-
lar to the 47 tube but with an indi-
rectly heated cathode. The efficiency
with this tube is very high and voltages
as high as 400 or even 450 can be used
without straining the crystal. The 46
is used as an amplifier because it has
several very good features. Firstly it
requires very little excitation to pro-
duce high output, as it is a high mu
tube. Likewise it needs no battery bias,
whioh is a great saving, and eliminates
one of the nuisances around an ama-
teur station. The 46 is an excellent
doubler tube, that is a tube to double
the frequency of the xtal for operation
on :,ihe higher bands, if it is ever de-
sired.

Power inputs to a 46 can be as high
as 30 or even 35 watts, especially
when there is no worry about fre-
quency stability, which is taken care of
in this set-up by the xtal. This rig is
designed for the 80 and 160 meter
bands, which are the best ,bands for the
fellow just getting up code speed, or
wishing to do “message handling.” The
160 meter code band extends from
1715 kilocycles to 1825 ke. Those that
want to work both 80 and 160 meters
without using more than one xtal
should get one rated between 1755 and
1825 ke. Using a 160 meter xtal the
46 amplifier tube would be working
as a doubler on 80 meters.

The Layout

The transmitter is mounted on a
varnished board two foot by nine

inches. The layout of the parts is ex-
actly like the wiring diagram. From
left to right the parts are: crystal

holder, 2A5 tube, oscillator tank con-
denser, oscillator coil, 46 tube, ampli-
fier tank condenser, amplifier and an-
tenna coils, and antenna condenser.

OSCILLATOR AMPLIFIER ANTENNA
Cons col con
. .
- 3t et
1l { A
o | P

4ST. FOR 160 METERS 24 T. FOR 1GOMETERS 15T, FOR (60 METERS)

207 ~ 80 * 127 +« 80 * 81. » 80

N2. 18 WIRE Ng. 18 WIRE Ne 18 WIRE
(ENAM.) (ENAM.) (ENAM)

{ ( ALL COILS CLOSE WOUND )

Behind the 2A5 tube are ‘ounted the
40,000 ohm voltage dropping resistor,
the oscillator R.F. choke, and the volt-
age dropping resistor by-pass conden-
ser. Ir back of the oscillator coil is
the excitation coupling condenser, and
bias resistor for the 46. Plug-in jacks
are used for the amplifier because they
make z very neat arrangement and
facilitate changing bands quickly. Be-
hind the amplifier tank condenser is
mounted the R.F. choke and by-pass
condenzer for that circuit. Along the
back edge of the set the parts are as
follows. reading from left to right: two
binding posts for oscillator milliam-
meter, four-prong plug for power-sup-
ply cabie, two binding posts for ampli-
fier miiliammeter and the two binding
posts for aerial and ground. Filament,
plate and ground leads are run under
the bozrd to give a-neat appearance.

Parts

Receiving type parts are used
throughout this transmitier, but care
should be taken that they are of the
best construction available. Make sure
the variable condensers have good
spacing and that all the fixed conden-
sers are of the mica type, rated at least
400 vclits, The R.F. chokes play a very
important part in this set and should
be of a type designed for transmitting
use, a'though some short-wave receiv-
ing chokes work very well. The mil-
liammaters need only be the cheap,
“less-than-a-dollar” type. Both are
0-100 M.A. scale instruments. All the
resistars are one-watt carbons, but be
sure tkey are R.M.A. standard, as large
quantities of poor resistors have re-
cently been ‘““dumped” on the market.
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ULTRA SHORT WAVES

~ Portable 5 and 10 Meter
Transmitter-Receiver

® IT is the purpose of this article to

present a combined phone trans-
mitter and receiver, to be used as a
portable or as a complete “home sta-
tion” working in the five and ten meter
band. It is contained in a five by ninc
by six aluminum box and is readily set
up for operation. In a favorable loca-
tion a hundred thirty-five to one hun-
dred eighty volts is sufficient B power
to enable communication to be carried
on over distances up to ten miles.
When located on a high point, such as
a mountain top, or when communicat-
ing with a plane much greater range
can be expected however. To place in
operation all that is necessary is to
attach the antenna shown, apply proper
plate and filament voltages for the
tubes used. If operation is desired as
a receiver the selector switch located on

By L. L. HOTSENPILLER

®
Photo at left—port-
able 5 and 10 meter
c ombin a-
tion “transmitter-
receiver” in actual
operation  in  the
field. A telescopic
antenna is very de-
girable for the
purpose. i’late and
filament supply is
readily obtained
from batteries.
o
Photo at right
shows top view of
the portable 5 and ‘

10 meter trans-
mitter-receiver. {
Py S R
change to transmitting the selector

switch is simply turned to that posi-
tion.

Constructional Details

Insulation and careful layout are
much more important in ultra-short
wave work than in the customary short
wave band. Failure of five and ten
meter receivers and transmitters can
often be traced directly to poor insula-

the front is turned to that position. To tion in one of the component parts.
All coil forms, condensers, and sockets,
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X.00025-MF. mn LA
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Schematic wiring diagram for the combination transmitter-receiver is given above, to-
gether with detaiis of different styles of aerials and coil winding data.

shou!ld be constructed of Isolantite
or an equivalent material. The circuit
shown consists of a No. 30 or No. 37
arranged in a series tuned, series-feed,
Hartley circuit. When switched to the
transmitting position, the oscillator is
plate modulated by a No. 33 or No. 38
pentode. When receiving, a coil (L4)
is introduced in the plate circuit of the
oscillator tube, together with (L3)
these coils cause additional oscillations
to occur at 100 kes. thus producing
super-regeneration. The pentode mod-
ulator is changed into an audio fre-
quency amplifier which will give loud-
speaker operation on most signals if
desired.

Either the two volt No. 30 series or
the six volt No. 37 series tubes may be
used with practically no change in the
wiring except the substitution of one
five prong socket. If the portable is to
be operated in an automobile or plane
it is suggested that the six volt tube
be used. Identical results will be had
with either series. It is recommended
that the new 45v. midget “B” batteries
be used. Due to their long life and
small size these batteries enable anK
portable to compete on even terms wit.
a permanent station. Six of these bat-
teries delivering 270 volts occupy the
same space as one standard 45 volt
battery.

The portable is built on a four and
three-quarter by eight by two inch
steel chassis. It slips into a five by
nine by six aluminum box. The tuning
condenser and selector switch is located
on the front panel. The filament switch
on the left side_of the box with the
headphone and microphone jacks on the
right side. Battery connections ter-
minate at a six prong socket at the rear
of the chassis. The socket for the No.
38 or No. 33 pentode must be held five-
eighths of an inch below the chassis
to allow clearance for the top of the

tube. The socket for the coil must be
supported one-fourth inch above the
chassis.
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The antenna coil is supported by two,
one-inch isolantite insulators, located on
the back of the box, the ends of the coils
passing through the base of the insulators.

The interruption coil (L3) (L4) is
located to the right of the selector switch
when looking at the bottom of the chassis.
The size of grid leak used on the inter-
ruption coil is fairly critical and success-
ful super-regeneration depends on this re-
sistance and the choke r.f.c. No. 2. The
by-pass condenser shunted across the
phones is essential before oscillation will
occur and should not be left out.

If the receiver does not oscillate over
the entire dial the fault probably lies in
the r.f. choke No. 1. By removing a few
turns from the choke and observing the
change in the dead-spot it can be deter-
mined whether more or less turns are
needed on the cheke.

Operation

As stated previously the main factor in
the ultra-short wave transmission is the
location of the station. Often the signal
that cannot be heard, or may be poorly
heard at twenty foot elevation will be
heard R7-R8 at 30 or 40 foot elevation.
Due to the small physical size of a half-
wave 5 meter antenna, it is very easy to
crect a 30 or 40 foot mast, suitably guyed,
and thus produce a satisfactory trans-
mitting and receiving antenna at a rea-
sonable cost. For the home station where
the transmitter is probably located in the
basement, the arrangement shown in A
(Fig. 2) is probably the best. All feeder
and transmission lines should be sup-
ported away from objects such as metal
guttering, trees, and buildings. Right

angle bends in the antenna should be
avoided. The antenna itself should be
constructed of new No. 12 or 14 enameled
wire.
Antenna Systems

A number of practical antenna systems
are shown in Fig. 2. However there are
any number of other systems that work
quite as well, although some are more
difficult to tune. Any antenna that can
be used in any of the amateur bands can
by proper tuning be used in the 5 or 10
meter bands.® For portable operation sys-
tem (B) (C) are suggested. The parabolic
reflector shown in (G) is highly recom-
mended when conditions permit its use.

Ten meter antennas are shown in Fig.
2 and are very similar to those used on
5. The same attention must be given in-
sulation and clearance of all wires. If

transmission is desired to a fixed point,
the signal may be increased considerably
by the addition of a few reflector wires
as shown in Fig. 2, producing a sharp

beam in the direction the system is
pointed.

To determine the length in feet of a
half-wave antenna multiply the wave

length desired by 1.56 except if operation
is desired on five and one-half meters the
length in this case would be (5.5) X (1.56)
= (8.58 feet).

System A is suitable for fixed location.
Systems (B) (C) are more desirable when
the transmitter can be located at the
antenna as in portable use.

System (E) is used where an existing
transmitter antenna is_already in place.
It may be operated very successfully in
the 5 or 10 meter bands by simply oper-

o Xhe "BEARCAT-3"

Super-regenerative

By CLIFFORD E. DENTON

® CROWDED channels and the desire

to explore the little known ultra high
frequency regions has led to many in-
teresting developments in the 5-meter
band. Increased activity on the part of
amateurs and other investigators has
resulted in a great rush to start things
in this band. Many interesting uses have
been found for two-way intercommunica-
tion over short distances. For instance,
two amateurs living in the same town
or city will find that reliable transmis-
sion and reception can be carried on with
a minimum of interference and this tends
to relieve the congestion which exists
on the lower frequency channels.

An example of how two-way conversa-
tions can be carried on is indicated in
Fig. 1,

Stations A and B are located in the
same city, say, New York, and stations
C and D ave located in some other town
about 150 miles from A and B. Let sta-
tion A transmit on the 80-meter band to
station C. Station C listens to A and
at the same time feeds the output of
his 80-meter receiver into his b5-meter
transmitter. Station D picks up the sig-
nal from C on 5 meters and transmits
to station B on the 80-meter band. Thus,

station A can talk to stations B, C and
D at the same time. Note should be
made of the fact that station A can
converse with station B through stations
C and D or direct on the 80-meter band.

A little thought will show that all
parties can hear the remarks of any one
station and can break in on the con-
versation without changing the adjust-
ments of their receivers or shutting off
their transmitters, This is indeed a very
nice scheme and the beauty of it is that
several fellows use it and commend it
most highly.

Circuit Design

Three tubes are used in this design
and the 6-volt automotive type has been
selected as being the best for the pur-
pose.

The detector tube, which is mounted
directly in back of the tuning condenser,
is one of the 37 type tubes. Note that
the plate potential applied to this tube
must pass through the resistance 13 and
serves the dual purpose of controlling
the regenerative action of the detector
and limiting the amount of energy fed
into the detector from the local oscillator.
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ating it on the proper harmonic. A para-
bolic reflector (6) for use where trans-
mission is wanted in a certain direction.
It is understood that systems A-B-C-E
may be either horizontal or vertical also
that any antenna that has an harmonic
following in the five meter band may be
used. Its length may be 8°-16'-32'-64"-138".
The type of feeder, of course, depends on
the individual location. The transmission
line shown in Fig. A-E are the simplest
types of feeders.

List of Parts for Portable
2 .01 mf. by-pass condensers
2 .0001 mf. mica condensers
00025 mf. mica condenser
5000 ohm resistor, Lynch, ¢International)
1300 ohm resistor, Lynch (Intermational)
.1 megohm resistor, Lynch (International)
10 megohm resistor, Lynch. (Interhational)
b-prong sockets, National o Hammarlund
Audio transformer, Nationai
Single-button microphone transformer
100 k.c. interruption coil, (see coil

Fiz. 8)

20 mmf. Hammarlund midget cond.
National type “A” vernier dial
speaker terminal strips, Eby
S.P.S.T. switch
2-point 4 gang switch
6-nrong socket. Eby
6-prong plug, Eby .
aluminum box—5x9x6 inches
steel chassis 43 x8x2 inches
dial or condenser extension
1” insulators, National
ultra short-wave coil forms,
6-45 volt batteries
3 volt batteries
type kso) or 37 tube, Gold Seal (Arco, Van

table

Hammarlund

MDD PO DD e e bt ek DD b s e D B e e

yYke
type 83 or 38 tube, Gold Seal (Arco, Van
Dyke)

5 — Meter

eceiver

The frequency of the signal fed to the
detector is determined by the size of the
coil 18 and the condenser 16.

The local oscillator, which supplies the
quenching frequency, derives its power
from the tap marked E-plus 67.5 and
the proper operation of the set will de-
pend on the obtaining of the proper value
of this plate voltage. Voltages from
22.5 to 90 should be tried, as different
tubes may have different characteristics
as far as power output is concerned.
Select the voltage giving the smoothest
control of resistor 13, With the circuit
as is, there is a compromise between the
exact operation point for maximum sen-
sitivity of detector action and proper
voltage from the local oscillator.

The output of the detector is fed
throuzh the transformer to the grid of
the pentode output tube. This raises the
power sensitivity of the set as a whole
and if a suitable coupling device is used
to couple the output of the 38 to the
re%)roducer, satisfactory quality will re-
sult.

Construction is a simple matter, as the
parts are not numerous and there is
plenty of room even though the chassis
1s very small. Drill and fold the chassis
as per drawings. Many fans may want
to purchase a finished chassis, which can
be done.

Mount the tuning condenser in the cen-
ter as shown in the photographs. It
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A GOOD 5-meter receiver is in big demand just now,
with hundreds of amateurs getting into operation with
Not only must the 5-meter
receiver be selective, but it must also possess powerful
“Bearcat-3”
Data are also given on the construc-
tion of the new antenna resonance coils which greatly

their 5-meter transmitters.

amplification properties. The

these qualities.

increase the signal strength.

would be wise at this time to check up
the drilling of the front panel, noting if
the shaft of the tuning condenser lines
up with the bushing of the tuning dial.
The sockets can be secured in place, as
well as the audio frequency transformer.

Most of the remaining parts, such as
the resistors, can be held in place by the
wiring. It would he wise to bolt the
by-pass condensers to the under part of
the chassis so as not to place too great
a strain on the wiring.

The tuning dial, which is mounted on
the front panel, can be locked to the
condenser shaft and then the set can be
wired.

Wiring

Little need be said as to the wiring.
Do not use long leads in the detector
circuit. There is a definite reason for
using the type of socket for the detector
—to insure short leads. Grid and plate
leads must be as short and as clear from
surrounding metal objects as possible. It
is not neccessary to use the same care
with the balance of the set because the
frequencies involved are much lower.

Coil Data
The specifications for coils 4 and 5 are
given below:

No.of Wire

turns  size Spacing
Coild ...... 7 14 1/16-inch
Coil 5 ...... 7 14 1/16-inch

Coil 17.—Coil 17 consists of 650 turns
No. 36 double silk covered wire, wound
on a small bobbin '2-inch in diameter
and closely coupled to the coil 18.

Coil 18.—The grid coil is number 18
and consists of 1,000 turns of the same
size wire used on 17. This is wound in
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possesses

the same direction on the
same bobbin and due to
its small size can be bolt-
ed into place under the
chassis.

Radio Frequency Choke
No. 9.—This is a small
choke and care should be
used in building it.  As the
frequency range to which
the receiver responds is
very high, it is necessary
that the distributed capac-

ity of the winding be kept
at a minimum. A satis-
factory choke can be made
by “jumble - winding” 30
turns of No. 36 double silk covered wire
on a bobbin Yi-inch in diameter.

A detail drawing is shown in Fig. 3
and should be studied carefully. Note
that the coils are wound in the same
direction and when they are mounted be
sure that there is no change in the wind-
ing direction between X and Y.

These precautions should be exercised
in the construction of the set. It seems
that most builders have trouble making
detectors oscillate. If the constructor
builds his own coils as shown, then the
only thing that will prevent the proper
operation of the set will be defective
tubes or “B” batteries reversed.

Keep all leads between coils and de-
tector socket as short as possible.

Operation
The set is tuned to an incoming signal
and the resistance controlling the plate
voltage on the detector is varied for the
best results.
The adjustment of the antenna series
condenser is important and should be

Max Pearlman listening to the mysteries of the S-meter
“ham™ band asx the waves roll in on the “Renreat-3.%

done with care. The band spread con-
denser (3) should then be adjusted so
that the band required is spread over
the tuning dial.

Vary the size of the oscillator tuning
condenser (16) until the proper quench-
ing frequency is obtained. This is im-
portant, as the sensitivity of the receiver
will depend to a great extent on the
frequency of the loeal oscillator, Use
the frequency which gives the best re-
sults,

When the receiver is working right,
there will be a loud rushing sound in
the phones or loud speaker, and as the
signal is tuned in, this rushing noise
will disappear. When the incoming sig-
nal is weak, some of the rushing sound
will remain in the back-ground.

Many builders of 5-meter receivers have
not obtained the maximum results and
then turned around and condemned the
whole idea. It is more than likely that
their antenna systems had something to
do with it.

Mr.DanaGriffin of N. Y. City has built a
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Figz. 1, at left, shows how J-meter transmitters and reccivers may be usxed in amatenr stations to supplement S0-meter coms
munleation; Fig, 3 shows specinl part of the cirenit in the super-regenerative recelver which requires aceuriate connec-
tionx; Fig, 4, at rizht, shows posftions far resonance wave cofls nlong' the receiving antennn,
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device which permits the use of high
vertical] antennas for maximum pick-up
and to develop the maximum signal volt-
age at the input of the receiver.

These units are called “phase shifters”
and consist of a small coil and condenser
capable of being tuned to the frequencies
being received on the set. In general
these circuits should be tuned to the cen-
ter of the band on which the set is
operating.

Figure 4 shows the voltage shift in
the units after they have been tuned to
the proper frequency in the band. It is
a good idea to tune the “phase shifters”
to tHe exact wavelength of the station
being received.

The antenna can be as long as condi-
tions permit. Run it straight up in the
air, keep it free and clear from all ob-
structions. Place one of the phase shift-

ers every 100 inches, starting 100 inches
from the receiver antenna and ground
posts.

Use as many of these units as

required and tune each one to the same
frequency. This can best be done by
building a small oscillator, calibrating it
against some known 5-meter signal and
then using this to adjust the phase shift-
ers to the proper frequency.

Circuits for such an oscillator have
been described in many of the past issues
of Snort Wave CRAFT, so no further
information should be necessary on this
point. Many short-wave “bugs” have
oscillators which will generate harmonics
in the 5-meter band.

Some slight recalibration of the tuning
condensers used in the phase shifters
may prove necessary after they have
been connected into the circuit of the
antenna, the final adjustment being that
of tuning for the maximum signal vol-
utne from some 5-meter transmitter.

Parts List
1 Antenna binding post (1),
2 Hlammarlund equallizing condensers, .,000035-

mf. (2, 3).

bt —

-

N N b

-
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IHammarinng midget condenser (6).

International Resistance Co.. l-watt, 2-meg.
resistor (7).

Pancl mount socket, 5-prong (8).

Radio frequency choke (V) See text for
spec .fications.

Aerovex mica condenser, .00i-mf. (10},

Medium ratio audio transformer (11).

Flechtaeim by-pass condenser, .1-mf. (12,

Electrad 50,000-0hm potentivmeter (13) with
filnment switch (28).

Ilechtheim by-pass condenser, .1-mf. (14,
Wafer sockets, 3-prong (13, !}).

Mica condenser, .001-mf (16i. Sce text.
By-pass condenser, .l-mf, or larger (26;.
1L,300-«hm resistor, 2 watts (21),

Outpus terminals (22, 23,

Binding posts (24, 25, 26, 27).
metal chassis and front panel.
Tuninz dial.
Sereer-grid elip.
Wire, ete,
Note—Coils 4, 3, 17
inclued in text.
Eveready-Raytheon 37 tubes
Eveready-Raytheon 38 tube.

and 18 winding data
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A 5-Meter S.W.

5-meter

Matthews’
superheterodyne receiver which employs a
single tuning dial; loud speaker appears

Appearance of Mr.

in the background. The set uses seven
tubes in all, including a rectifier.

PSSP NN NGNS D o

12— Two gang variable condenser 100 mmf. cap.
(Hammarlund) C1 and C2.

1—Midget variable condenser 18 mmf. cap.
(Hammarlund) C3.

1—0.1 mf. 200 volt condenser.

2—Triple section 0.1 mf. 300 volt condensers.

1—0.001 mf. mica dielectric 200 volt condenser.

1—50 mmf., mica dielectric 300 volt conlenser.

3—250 mmf, mica dielectric 300 volt condensers.

2—0.01 mf. paper dielectric 200 volt condensers.

1—0.02 mf. paper dielectric 200 volt condenser.

2—1.0 mf. paper dielectric 300 voit condensers.

1—2.0 mf. paper dielectric 200 volt condenser.

2—8.0 mf. dry electrolytic 500 volt condensers.

1—400 ohm % watt carbon resistor.

1—1500 ohm 1 watt carbon resistor.

1—5000 ohm 1% watt carbon resistor.

1—14,000 ohm 3 watt carbon resistor.

1—25,000 ohm 1% watt carbon resistor.

1—30,000 ohm 3% watt carbon resistor.

1—100.000 ohm 3% watt carbon resistor.

1—250,000 ohm 1% watt carbon resistor.

4-—500,000 ohm % watt carbon resistors.

1—25,000 ohm 1 watt variable resistor with
power switch.

1—200 turn universal
(Auto. Winding Co.)

1—85 mh. choke (Samson).

1—10 henry choke 35 ma. direct current.

1—20 henry choke 50 ma. direct current.

4—Six-prong sockets. Alden

2—Four-prong sockets. Alden

1—Five prong socket. Alden

1—Power cord and plug.

1—Chassis (Blan—The Radio-Man).

1—Power transformer: Sec. Volts—2.5 volts
c.t. 7.5 amps, 5.0 voits 2 amps, 700 volts c.t.
70 ma.

4—Tube shields for 68 type tubes.

1-—Tube shield for 24 type tube.

wound coil, 12" form

@® WITH the advent of actual broad-

casting on the ultra short wave band
Letween 43 and 80 megacycles, inten-
sive receiver development has been
taking place. The art has gradually
progressed through the regenerative
detector, super-regenerator stage, until
at present the most satisfactory
method is that of the double-detector
or superheterodyne.

Tuned radio frequency amplification
2t such ultra short wavelengths is
practically out of the question, since
the low impedances encountered in the
crdinary tuned circuit do not permit
rauch amplification. Recent advances
in tube design have resulted in de-
creased inter-electrode capacities.
This is conjunction with the addition
of an extra grid (R.F. pentode) has
made it possible to realize some gain
at very high frequencies, if extra pre-
cautions are taken in the circuit de-
sign. At its best, however, a tuned
radio frequency receiver for these fre-
quencies is complicated, due to the
necessary design precautions that must
be taken.

Superheterodyne

Briefly, the superheterodyne func-
tions in the following manner. (Shown
diagrammatically in Fig. 1.) The in-
coming signal frequency is mixed with
a local oscillator. The resulting beat
frequency, being lower than the orig-
inal signal frequency, is therefore
much easier to handle, The difference
between the local oscillator and the
signal frequency remains constant over
the band for which the set is designed.
Since the beat frequency remains con-
stant, the design of a suitable ampli-
fier having the desired characteristics
is much easier than before. The

- Superheterodyne

By A.C. MATTHEWS,

choice of the frequency difference be-
tween the oscillator and the incomin

signal, however, is important and wiﬁ
be discussed further under the inter-
mediate amplifier. Once the incom-
ing signal has been transformed to a
relatively low frequency, the design
problem becomes simply that of a
straight tuned radio frequency receiver
with associated audio amplifier.

The development of this circuit for
use in the wultra high frequency band
has been rather slow. This has been
due to the almost impossible task of
maintaining the beating oscillator at
a constant frequency. The success of
the superheterodyne depends on the
stability of this oscillator.

. Having discussed the main difficul-
ties to be experienced in the design
of an ultra high frequency super-
heterodyne, we will now take up its
design in a systematic manner.

First Detector—Mixer Circuit

The first detector circuit is tuned to
the incoming signal frequency by the
inductance L-2 and condenser C-1.
The coils are made by winding the
necessary number of turns (see table)
or a one-half inch form and then re-
moving the form. The wire size is
rather large and this will tend to hold
the coils in place. Pin jacks are
scldered on the coil ends for conven-
ience. This makes it possible to
change coils in the event that it is
necessary to shift to another frequency
band. The oscillator is coupled through
the screen-grid circuit of the 58 type
tube, although inductive coupling may
be used when a stable oscillator is em-
ployed. The author prefers the screen-
grid method, since this precludes the

I I TABLE
i 8
OEMODU- 40-80
H sn.;mi‘t'-‘.?T a ROSE]  ecacYCLES A a 0
] 1)
85 SIGHT: \ Yo a, / \
it L | 2TUuRNS - ¥2" Dia. a s
L0 ' AUOIO
s:;(g. y “‘-s" ";“z"‘ FRQUENCY %o \
TURNS - “ DIA. -
LIGHT L2 NQ.14 ENAM. o0, a 4 A)
SOUR( MOOULATED RADIO + . =t
Ls :u;:n‘?; S :L‘eu. FREQUENCY 33 \
Py b WEAK INPUT, FIG.2A i
324 1F. TRANS,  EW. SICKLES CO. i
e g i SORINGFIELD MASS. OR < 2
DATA:~ v I A \
FORM ¢ 14”01, 2 Va" LONG. FIG. 2 =
R.F. A.F. REPRO- PRI, = 50 TURNS N2.32 0.5.C. U AVOID !
€O ¢ DUCTION SEC. = 100TURNS N2.28 EN. FREQUENCY
WINOING = CLOCKWISE Ao -
o GAT e Inew. A2 6 1 2 3 4 5 6
. - . M .V .
43-80M. (1780 KC.[20-5000 SOuND ISOLANTITE DrgLecTRIC.| 32 LA - LHA LIl
43-g0MC. : 1750 % C.|20100.000~ mi. SIGHT FREQ.x 1,750 kC DETECTOR INPUT OUTPUT CHARACTERISTIC
A= NORMAL DETECTOR
MOOULATEO RADIO 8= MODIFIED DETECTOR
16 18 FREQUENCY
FIG. 1 A l VERY STRONG INPUT FIG. %

Diagram above shows, at left, successive stages in the reception of signals on a superheterodyne; coil winding data at Fig. 1B,
while the graphs shown at Figs. 2 and 3 are used by the author in explaining the action of the receiver.
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The 5-meter field is rapidly expanding.

Many short wave ‘‘hams’’

operating in this field have undoubtedly found that one item badly
needed was a good 5-meter receiver—one which would provide high
sensitivity, suitable selectivity and sufficient volume to work a loud

speaker.
short-wave and television expert,

pessibility of radiation through the
antenna.
Oscillator

As has been said before, the oscilla-
tor is the heart of the ultra high fre-
quency superheterodyne. The ordi-
nary oscillator with inductive coupling,
such as employed in the usual receiver,
weuld be a complete failure in ultra
high frequency work. The oscillator
to be used must not only have a very
high order of frequemcy stability, but
also be capable of maintaining its in-
tended frequency unaffected by the
first detector circuit, with which it is
ccnnected. Frequency stability that is
relatively impervious to changes in the
supply voltage is necessary. The fact
that its load ecircuit is subject to rather
severe variations, since the oscillator
is required to furnish power of a
small order to the first detector, makes
the oscillator requirements very severe
to say the least. The degree of *“pull-
ing in” of the oscillator frequency with
the tuning of the first detector un-
fortunately is greater as the frequency
increases. In other words, the fre-
quency stability of the oscillator de-
creases as the frequency increases.
Therefore a combination that would
be entirely adequate for broadcast re-
ception would be entirely out of the
question for ultra high frequency
work. With the performance so de-
pendent on a fixed frequency differ-
ence between the oscillator and the in-
coming signal frequency, it is easily
seen that nothing but the most refined
circuit design would be tolerable in
this application. No doubt it is be-
cause of this fact that so much valu-
able time has been spent trying to im-

Mr. Matthews, author of the present article, is a prominent

Suppose we take a look at some
cemmercial installation and see what
precautions they take to maintain os-
cillator stability. Probably one of the
best installations would be the trans-
Atlantic receiver station of the R. C.
A., at Rocky Point, L. I. In their di-
versity telephone receiving system
used for picking up foreign broadecasts,
they make use of a buffer or coupling
tube between the oscillator output and
the grid circuit of the first detector.
This provides a high degree of oscil-
lator independence but the additional
tube makes for more complicated cir-
cuits and although it can be used for
frequency doubling or tripling, it is
hardly warranted in a receiver for Mr.
General Public.

After having tried practically every
type of oscillator circuit unsuccessful-
ly, the clectron-coupled oscillator was
adopted. This oscillator, described by
Lieutenant J. B. Dow in the December,
1931, I. R. E. Procgeedings, has as good
if not better all around frequency sta-
bility than the more complex oscillator-
amplifier combination. The circuit
employs a screen-grid tetrode; the
cathode, control-grid and screen-grid
forming the frequency generating cir-
cuits, while the plate is in the output
circuit and is entirely independent of
the oscillator frequency, since it is
shielded by the screen-grid from the
oscillator circuit proper. (The screen-
grid is at ground potential, as far as
redio frequemncy is concerned.) The
coupling to the load circuit is there-
fere electronic rather than inductive
or capacitive since the plate is effec-
tively isolated by the screen grid. This
reduces the interlocking effect between
the oscillator and first detector tre-
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Here we have the complete wiring diagram of Mr. Matthews’ superheterod
ere 2 Mr, ) yne designed for 5-meter reception.
this is an ideal recelver for the average short wave fan interested in 5-meter reception, as it wses hut ﬁev?en subes with rectifier.

We believe that
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contributes to the excellent frequency stability
of the oscillator. The serecn-grid being at ground
potential  (R.F.) necessitates operating the
cathode above ground. This is completely satis-
factory and when using uni-potential cathode
1ype tubes having indirectly heated cathodes, no
deleterious effects can be detected by having an
R.F, potential difference between the cathode
and heater.  Although it might seem that the
cathode-heater capacity might interfere with the
satisfactory funetioning of the circuit it com-
pensates rather than incapacitates the frequency
stability during the warming up period of the
tube. A slight varying of the oscillator fre-
quency with detector tuning has been noticed
when using the fundamental of the ascillator;
however, this can be eliminated by using the
second harmonic of the oscillator to heterodyne
with the incoming signal frequency to create
the intermediate frequency beat.

Careful shielding of course is necessary if the
oscillator is to be operated at full efficiency,
since any coupling of the oscillator tuning cir-
cuit will defcat the excellent qualities “of the
system.

The coil data arc given in tahle 1. The con-
denser C-2 determines the approximate fre-
quency while the trimmer condenser C-3 acts as
a vernier adjustment. Eventually when ultra
high frequency super-heterodynes become as
numerous as the regular broadcast variety, the
receivers will then be truly single control. The
vernier, however, is not a serious hardship to
endure and without it the performance would
surely suffer. The sereen-grid voltage should be
approximately 67 to 90 volts, the lower value
being recommended for stability. The value of
the gridleak should be 100,000 ohms for hest op-
eration.

Now that the degree of electrical stability far
surpasses any other oscillator comhination, it be-
hooves the experimenter to exercise particular
care in the mechanical construction to insure
rigid mounting of the component parts which
might affect the frequency stability. 1f ordinary
precautions are taken in the construction of the
oscillator, even the dyed-in-the-wool experiment-
er will witness a thrill at the stability of the
electron-coupled oscillator.

Intermediate Frequency Amplifier

The choice of an intermediate amplifier is one
of all importance, since the main characteristics

of the receiver are obtained in this section. The
intermediate frequency must be low enough so
that sufficient gain can be realized with a good
depree of selectivity., The frequency character-
istic of course must also be considered, other-
wise the quest for selectivity would result in
undue attenuation of the high audio frenuencies
and poor quality would obviously result. IHow-
ever, there is another consideration to he taken
into account in ultra high frequency work. Sup-
pose the intermediate frequency was of the order
of 400 kc. and the oscillator tuned to a fre-
quency of 40,000 ke. It can readily be seen
that a variation of only 0.01% in frequenecy
would amount to so much that the resulting
frequency would not be amplified by the
highly selective intermediate stages.

Now, let us suppose an intermediate frequency
of 1,750 ke. or thereabouts was chosen. The per-
centage allowable variation in the oseillator fre-
quency could obviously be much greater, without
affecting over-all performance.

The intermediate frequeney finally adopted in
this application was 1,750 ke. LF. transformers
may he purchased already built, or the experi-
menter may build his own. In the latter case
the coils from a short-wave receiver covering
this band will be satisfactory. Small Isolantite
dielectric condenscrs may be substituted for the
larger air condensers formerly used for tuning.
The L.F. ampiifier in reality is a fixed-tune
radio-frequency amplifier and its design is not
unlike any other R.F. amplifier covering this
band. Such circuits are not so selective that the
fidelity will be impaired by side-band attenua-
tion. This applies only to sound reception; the
requirements for television reception are some-
what more stringent.

Second Detector

The second detector for voice reception is of
the orthodox plate detection variety. A 57 tube
is employed in a circuit designed particularly to
eliminate detector overloading. This scheme
does not entirely climinate detector overloading
in the strict sense of the word, but it does
greatly extend the usable range of inputs to the
detector, without suffering an appreciable re-
duction in rectified output. This particularly
applies to signals of low percentage modulation
which heretofore have given the most trouble in
detector circuits.

Figure 2 shows the essential circuit in its

simplest form, together with a graphical ex-
planation of the how-and-why of the improve-
ment. C-1 and R-1 are chosen so as to have a
time-constant of greater duration than the pe-
riod of the lowest audio frequency to be repro-
duced, yet sufficiently short in duration to follow
the variations in amplitude of the modulated
carrier. C-1 must also be of such a value that it
will have no effect upon the tuning.

Figure 2-A shows a typical grid-plate char-
acteristic of a power detector. Point a-o rep-
resents normal bias with no signal applied. Upon
the reception of a modulated signal (50% mod.
shown) this point moves to a-1 and rectification
takes place, giving the audio frequency com-
ponent in the plate circuit as shown. Such a
signal would result in the same output in
either a straight bias detector or the modified
circuit used here. Now let us consider a very
strong signal which would normally overload
the detector. With the normal circuit the ef-
fective grid bias is increased from a-o to a-1.
This, however, is not sufficient to bring the
envelope of the modulated wave on the straight.
line portion of the tube characteristic, with the
result that the audio output A-1 suffers severe
distortion, Note also that the amplitude is
greatly reduced.

Now consider the modified circuit. When grid
current flows a voltage drop occurs across R-1,
thus causing the bias point to shift to a-2. This
results in a much greater amplitude than before,
although with slight distortion. A close ex-
amination will show, however, that the distortion
is more symmetrical and certainly less severe
than that of A-1, without the decrease in ampli-
tude experienced before. The voltage built up
across R-1 can be returned to the LF. grids
through de-coupling resistors to effect further
limitation on very strong signals.

Typical output curves with and without this
circuit refinement are shown in Fig. 3.

Output Stage and Power Supply

The output stage of this receiver is left en-
tirely up to the individual. The author prefers a
single '45 tube for ordinary use. This can be used
to drive a pair of 46s in push-push (class B)
amplification, if the sound output is inadequate.
The schematic diagram clearly shows the cir-
cuit and constants used, and needs no further

explanation.

Working the 56 M. C. Band

Practical Operating Hints for the 5 meter” Boys

HE necessity for improving our
technique on the longer-wave ama-
teur bands has more or less dis-
tracted attention from the “five-
meter” band during the last few years.
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Fig. 1—The Push-Pull Receiver.

C1—Two xectlon tuning copndenxer, Abhout 20-
m.m.f., each sectlon,

2—Grid condensers, 10U0-m.m.f.

‘N—"Midget' variable condenser, 2 plates each,

C4—Not smaller than 005 mf.

L.1—'Tickler, to be determined cexperimentally,

L.2—3 turns No. 20 D.C.C. wire, %4 ” in diameter,

L3—R.F, choke, about 13 to 20 turns wound
No. 38 on ¥4” tube.

By HARRY D. HOOTON
W8BKYV

Questions answered: Best tube
fo use; wiring S-meter receiver,
the S-meter antenna and re-
flector, frequency measurement.

This band has not been entirely neglected,
however, and a small group of experi-
menters have been doing fine work on it.
It offers tremendous promise as a useful
band for directive transmission and radio
telephone work. As any development
work in radio communication requires the
cooperation of several experimenters, the
primary purpose of this article is to
stimulate the interest in this band, and
to present some practical suggestions
that may be helpful to the five-meter
experimenter,

The 5-Meter Receiver
Let us consider the 5-meter receiver.

It will need special design and construc-
tion, but there is no reason for it to be
a freak. The requirements are similar
to a 20-meter receiver, for example, ex-
cept that the leads must be shorter and
the distributed capacity reduced before
it will oscillate. Careful workmanship
counts in the successful work on this
band. The straight regenerative set will
work on 56 Me.; but it is not to be recom-
mended because of the high background
noise. The usual regenerative ‘“hiss” is
sometimes so loud that weak signals are
drowned out entirely. A much better
arrangement is to use a push-pull detec-
tor regenerative circuit. This type of
receiver works very well on ultra high
frequencies and has the added advantage
of being quiet in operation; the noise
mentioned above being extremely low or
entirely absent. A push-pull radio-fre-
quency stage may be added to this re-
ceiver if desired.

The Best Tube For 5 Meters
What will probably interest the ama-
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teur most are the constants for the five-
meter receiving set. At W8BKV we had
some difficulty in finding a suitable de-
tector tube. Among the tubes we tried
were the types 99, '01a, '24, "27, ’12A and
the ’30; the most satisfactory were the
27 and the 12A, although the 0la and
30 types performed very well. A bat-
tery is used on the heater of the 27 in-
stead of the A.C. filament supply.

The circuit for the push-pull receiver
is shown in Fig. 1. The coils are self-
supporting, being made of No. 20 D.C.C.
wire and wound %-inch in diameter. It
is necessary to use a coil of small dia-
meter in order to reduce its field. Wind
five turns on the grid coil if a 15 mmf.
tuning condenser is used; if a larger ca-

F6.2
Fig. 2—The Colpitts Transmitter.

C1—Twoe section  transmitting condenser, 235-
m.m.f., each section.

C2—Blocking condenser, .01-mf,

C3—DBypass condenser, ,01-mf.

IA—11% turns, 2%” in diameter, copper tubing.

L2-—S8nine as above,

R1—135,000 ohm trapsmitting grid leak.

pacity is used, use about four turns. The
plate coil will have to be determined ex-
perimentally; as the correct number of
turns is almost certain to vary with the
different tubes; about five turns should
start the receiver oscillating.

The tuning condenser is composed of
two insulated stators and one rotor. The
large “cut down” type of variable con-
denser should not be used; a remodeled
“midget” tuning condenser of the proper
capacity (about 15 to 20 mmf. each sec-
tion) is desirable. Two small condensers
of this type can be used, instead of the
one two-gang midget, if desired. If a
socket is used, solder the grid condenser
(.0001 mf.) to its grid terminal, keeping
the lead as short as possible; as this is
very important. In some cases it is ad-
vantageous not to use a socket, but to
solder directly to the terminals of the
tube.

How to Wire the Receiver

The next step is to wire the set, getting
leads as short as possible, and, at the
same time, reducing the capacity between
the various parts of the receiver. One
stage of audio is usually enough, unless
loud speaker operation is desired.

It is best to use separate batteries on
the amplifier until the detector circuit
has been adjusted, as this centers the
trouble-hunting in the oscillating circuit.
The detector will require a higher plate
voltage than that commonly used on
lower-frequency sets, because of the
greater losses at five meters. About 90
volts should serve.

The 5-Meter Antenna
Almost any antenna will serve for re
ception of the five-meter signals, but the
coupling must be less than that used on
the longer waves. If too much coupling

is used, the set will often become
“cranky,” and body capacity will be
troublesome. An antenna is not especi-

ally necessary, on either receiver or
transmitter, for distances up to five miles
and possibly further. We have heard our
signal over twenty miles without any an-
tenna on the receiver and with an eight-
foot current-fed radiator on the trans-
mitter. The transmitting antenna was
in the house at the time. The transmit-
ting antenna shown in Fig. 3 is useful
for receiving also; it gives quite a bit of
gain over the plain type for use in re-
ceiving and, if it is used at both the
transmitting and receiving stations, a
high degree of efficiency is possible.

Transmitting on 5 Meters

Now with regard to the transmitter:
the circuit shown in Fig. 2, is the split-
coil Colpitts, which is especially fine for
five meter work. The power for the plate
and grid of the tube is fed at practically
zero points of R.F. voltage, thus elimin-
ating both plate and grid R.F. chokes
which are very critical on the ultra short
waves. It will be necessary to use a
high-resistance grid leak, about 15,000 to
20,000 ohms,

The inductance is made of the usual
l%-inch copper pipe and is composed of
1% turns each side of the blocking con-
denser, 2% inches in diameter. The
blocking condenser is .01-mf. The “tank”
or tuning condenser is a two-gang type
and should be very rigid, since a very
small amount of vibration can do a great
amount of tuning when the frequency is
56 megacycles! The leads and arrange-
ment of the parts in the transmitter are
not so critical as in the receiver; but it
is best to get a good layout and as short
a leads as possible. Any of the usual
D.C. power supplies can be used at five
meters, but for radiophone work it is best
to use a battery filament supply; since
the A.C. flowing through the filament
seems to modulate the set in the same
manner as “loop modulation’.

Reflectors

Since the antenna is short, reflectors
can be used easily. The procedure is to
set a single wire, of the same length as
the main antenna, at quarter-wave length
distance behind the radiating wire
coupled to the transmitter. This absorbs
power and re-radiates it in the direction
shown by the dotted arrow in Fig. 3.
This is the simplest of the directive an-
tennas and, as mentioned above, it can
be used for receiving also. If a more
highly directional result is desired, other
wires can be supported vertically along
a horizontal parabola, the main antenna
being at the focus.

Of the plain type of antennas, the
Zeppelin is probably the most efficient.
It is desirable to use long feeders, say
5/4-wavelength, as the radiator can then
he brought more into the clear. The
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feeders can be spaced four or five inches
with the usual spreaders. A radio-fre-
quency ammeter should not be placed in
series with either feeder, as it is possible
to throw a zepp out of balance by doing
so. The transmitter can be tuned to
resonance by reading the maximum plate
current. A small five-plate midget is
placed in series with each feeder for tun-
ing purposes. A five-meter zepp is 7
feet 10 nches long.

Frequency Measurement

In regard to frequency measurement:
if an absorption meter is used it will be
necessary to be very careful in tuning
up, or thke transmitter will be outside the
band. An oscillating meter, such as the
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Fig. 3—The Directive Antenna System
Refleetor : 7 feet 10 inches long.

Antenna : snme length as retflector, includm,
the single turn of the inductance.
L1—S8ingie turn about 4 inches in diameter,
L2—One or two turns of wire.
Trapsmission Line: Can be twisted lamp cor

20 to 50 feet In length,

dynatror, is best and, as it is usually
calibrated for the lower frequencies, it
can be used for measuring the trans-
mitter frequency on any of the amateur
bands by multiplying the frequency by
2, 4, 8 or 16 according to the band in
which it was calibrated.

A 5 Meter Super-Regenerator

(From Popular Wireless, London, England)
® RECENT experiments on 5 meters in

England have brought forth a number of
successful receivers covering this band. In-
cluded among these is the super-regener-
ative set shown in the illustration. It con-
sists of two tubes, a detector and an os-
cillator for generating the variation fre-
quency. The constructional details are as
follows:

The two detector coils are each wound
with 5 tarns of No. 10 gauge copper wire
(B&S) and are made by winding the wire
on one-half inch bakelite rod, letting it
slide off and pulling it out so that there is
a space zbout one diameter between turns.

One of the latest 5-meter super-regener-
ative receiver circuits developed by Eng-
lish experimenters, is that shown above.
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‘g and 10" Meter Receiver

® WITH the ten meter ‘‘amateur
band” now made available for radio-
phone transmission, that is, the section
from 28,000 to 28,500 kc., we can now
expect to see great activity on this
band and also a marked improvement
in receiver and transmitter design.
Radio apparatus that will perform
guite efficiently on the twenty meter
band is liable to be entirely useless
in the vicinity of ten meters. The re-
quirements for a good ten meter re-
ceiver are stability, low background
and set noise level, and adaptability to
phone reception as well CW (tele-
gras)h code). The first thought nat-
urally will be of the superheterodyne.
This type of receiver if properly de-
signed for the higher frequencies will
no doubt prove to be by far the best.

]

But, on the other hand, the average
superhet designed for general ama-
teur use on the other bands may have
a much higher noise-to-signal ratio
than a well designed regenerative de-
tector and one stage of audio combina-
tion. The author has, in many cases,
seen the two tube set out-perform a
seven or eight tube superhet; in fact
the super fell down miserably on a
signal that had a slight chirp or fre-
quency change when being “keyed.”

Tuned R.F. and Regen. Detector
Preferred

After using both kinds of receivers
for several months at the author’s sta-
tion, it was finally decided to build a
stage of tuned radio frequency ahead
of the detector in the straight regen-
erative set.

Various methods of coupling the
R.F. (radio frequency) stage to the
detector were tried and the old reliable

The 5 and 10 meter receiver designed and

built by Mr. Shuart is here seen in actual

operation. Among other signals, police

calls on the new 8 and 10 meter systems
were heard.

capacitive type of coupling was finally
used, as it permitted less complication
in circuit design and more effective
coupling than that obtainable with the
inductive method. The main objec-
tion to this system always has been
that there was danger of the plate volt-
age of the R.F. tube leaking through
the coupling condenser and getting to
the grid of the detector tube, thus
causing a failure of the set to func-
tion properly or else noisy reception.
This was the case when the plate was
attached directly to the grid coil, but
gives no cause to worry when coupled
through a condenser, because the grid
condenser and coupling condensers are
in series, which decreases this liability
to practically zero. An alternative of
course would be to use a low-capacity
variable midget condenser or to con-
struct a fixed air di-electric condenser.
However, as stated before, if good
mica condensers are used there will
be no danger of any kind. The ar-
rangement used in the receiver shown
in the photographs was two 50 mmf.
condensers in series, giving a total of
around 25 mmf. and providing a third
condenser between the plate of the
R.F. tube and the grid of the detector
tube.

The tubes used in the R.F. and de-
tector stages are the type 57 and 58.
The 58 being the R.F. amplifier and
the 57 as regenerative detector, us-
ing the now famous -electron-coupled
circuit. These two stages are con-
tained in the double-shield compart-
ment mounted on the left-hand side of
the base. Dimensions for constructing
the shield and chassis are given in the
drawings.

Super-Regeneration Added

An extra tube was added to the re-
ceiver to obtain super-regeneration,
although this was not entirely neces-
sary as very fine phone reception is
obtained without it. The primary func-
tion of this addition is to enhance the
reception of the very weak or broad
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Above, we have the schematic wiring diagram of Mr. Shuart’s 5 and 10 meter receiver.
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modulated signals, such as those from
new police broadcasting systems now
operating on about eight and one half
meters. These signals are so broad
during modulation that it is impossible
to receive them on a straight regenera-
tive detector. However, when using
super-regeneration the signal sounds
first rate.

A type 56 is used as the genera-
tor of the interruption frequency os-
cillations, which produce the super-
regenerative effect. The plate of the
56 is directly coupled to the screen-
grid of the detector tube, the screen
voltage to the detector tube and the
plate voltage to the low-frequency os-
cillator being fed through L4 and con-
trolled by the 50,000 ohm potentio-
meter. The voltage to both tubes is
adjusted at the same time, providing
very sniooth operation. A 2A5 pent-
ode is used as the output tube and is
resistance-coupled to the detector; the
output coupling is taken care of with
a (single pentode to voice coil) trans-
former, working either as an output
choke, for magnetic speaker or ear-
phone operation, or for a dynamic
speaker.

Bypass condensers were used quite
freely in this receiver and are abso-
lutely necessary at every point shown
in the diagram, in order to obtain

smooth and stable operation. This re-
ceiver will perform very nicely at fre-
quencies as high as 60,000 k.c. and
there is a decided gain present in the
tuned R.F. stage, even at this fre-
quency.
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By GEORGE W. SHUART, W2AMN

All sorts of ideas arose in the author’s mind as to what would
be the best form of 5 and 10 meter receiver to build—after
considerable experimenting, the rece:ver here described was
finally evolved and it proved that it cculd “roll in the stations”

in the 5 and 10 meter bands in excellent fashion!

A tuned R.F.

stage is used ahead of a regenerative detector, the detector

being ‘‘electron-coupled.”
is available at all times.
tube.

Short Leads and Good Insulation
Imperative!

As can be seen from the photographs
the tube sockets are mounted above the
base, not below, as is the usual prac-
tice. This was done so that all leads
could be made as short as possible; if
this were not done it would be impos-
sible to get the set to perform on the
five meter band. Remember: short leads
and good insulation such as isolantite,
are of utmost importance in ultra-
high frequency receiver design,

Layout and placement of parts plays
another most important part in this
type of receiver. It is not advised that
the builder should try to use any type
of bread-board and panel arrangement,
if good results are to be expected. An
arrangement similar to the one used
in this receiver should be used; it may
be a trifle more expensive in the be-

Super-regeneration is optional and
A 2A5 pentode is used as the output
This set is the berries—no fooling!

ginning, but in the end it will pay
higher dividends, as far as real re-
sults are concerned.

Antenna and Power Supply

Anternas are of prime importance in
the recaption of signals in either the 5
or 10 meter bands; in fact they spell the
difference between the reception and non-
reception of some of the weaker-stations.
About tae best type is the vertical doublet,
with each side measuring eight feet in
length, and mounted as high from the
ground us possible; for best results the feed
line (lead-in) should be tuned. Such an
arrangement is shown in the sketch, to-
gether —vith other types of antennas and
their various lengths. '

The power supply shown in the photo-
graphs was especially constructed to work
on ultra high frequency receivers. To re-
move thz main hum it was only necessary
to use two 30 henry iron core chokes, with
three 8 mf. electrolytic condensers. How-
ever on certain frequencies there was a
decided hum, (this is usually termed tun-
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Picturized wiring diagram for the 5 and 10 meter receiver,

which will make the construction of the set clear to even the uninitiated.
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able hum) and about half a day was spent
in trying to remove it; RF. chokes and by-
pass condensers were tried in every part of
the circuit, with no improvement at all. The
power transformer used happened to have
two extra filament windings that remained
unused. These idle coils were finally sus-
pected and one lead of each winding was
grounded to the negative side of the circuit;
sure enough the hum entirely disappeared,
no trace of it could be found on any fre-
quency. If you happen to be having trou-
ble from tunable hum, watch all unused low
voltage secondaries! To improve regula-
tion a heavy-duty 20,000 ohm wire-wound
resistor is connected across the output
terminals of the high voltage.

The power-supply unit should be capable
of furnishing no less than 250 volts under
full load. This high voltage is necessary in

order to obtain full gain of the tubes. Lower
voltages will in all cases produce weaker
signals on the speaker or phones, and may
even cause the set to fail entirely on the 5
meter band!

Parts List of Receiver

1—Pentode output transformer. Acratest.
1—Chassis—see text and drawing for details.
6—4 prong coil forms; ultra-high frequency

type; National,

2-—4 prong isolantite sockets; National (Ham-
marlund).

2—6 prong isolantite sockets; National (Ham-
martund).

1—6 prong wafer socket (laminated); Eby
(Na-ald).

1—5 prong wafer socket (laminated); Eby

(Na-ald).

2—35 mmf. variable tuning condensers; Ham-
marlund.

1—20 mmf. variable tuning condensers; Ham-
marlund.

1—Vernier dial; National, type B.

1—2.5 milihenry choke; National,

1—250 millihenry choke (universal wound).

1—50,000 ohm potentiometer; Acratest.

1—"Interruption Frequency’ transformer, 700
turns pri. 1500 sec; Gross Radio.

3—.001 mf. mica fixed condensers. Flechtheim.

2—-.005 mf. mica fixed condensers.

2—.00005 mf. mica fixed condensers
nected in series).

1—.0001 mf. mica fixed condenser.

1—.5 mf. bypass condenser.

4—.01 mf. bypass condensers (tubular).

1—25 mf. 25 volt electrolytic condenser; Acra-
test,

{con-
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Coil Data and Receiver Chassis Dimensions.

1—300 ohm 1 watt resistor, Lynch (Interna.
tional). Also following resistors.

1—500 ohm 1 watt resistor.

1—2,000 ohm 1 watt resistor,

1—25,000 ohm 1 watt resistor,

1—100.000 ohm 1 watt resistor.

1—250.000 ohm 1 watt resistor,

1—.5 megohm 1 watt resistor.

1—2 megohm 1 watt resistor.

Parts for “Power Supply”

1—Power transformer 325-0-325 plate,
fil, 5 v. R.T. Co.

2—30 henry, 60 milliampere chokes; Acratest.

3—8 mf. 500 V. electrolytic filter condensers;
Acratest.

1—20,000 ohm bleeder resistor (20 watts rat-
ing).

1—4-prong wafer socket, Eby (N=a-ald).

2.5

5 and 10 Meter Transmitter
Using the 800 or 825 Tubes

This transmitter is constructed to
facilitate the use of the new RCA
Radiotron type 800 (or Sylvania 825)
tubes, which have at this writing, just
made their appearance on the market.

While these tubes are rated to stand
around a thousand volts on the plate
no attempt was made to operate them
at this value, 650 being the highest
voltage applied. With a thousand volts

The 5 and 10 meter transmitter ready for action; the mike shown happens to
comprise an old “commercial” shell, enclosing a moderate-priced amateur type
microphone unit.

GEORGE W. SHUART,
W2AMN

v e o

Reports from many
“Hams” during the
past month indicate
that interest in the
5 and 10 meter field
is increasing by
leaps and bounds. Several lead-
ing “Ham” station operators have
complimented Mr. Shuart on the
excellent quality and steadiness
of the wave radiated by the 5 and
10 meter transmitter here de-
scribed. Mr. Shuart has thor-
oughly tested this transmitter and
has talked over distances exceed-
ing 30 miles; the possible range
is, of course, much greater than
this.

A A A A et s e e st s e st e st e e e
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on the plates of these tubes, it would
be necessary to have a master-oscil-
lator-amplifier arrangement to main-

tain frequency stability and it would be
necessary to have a rather expensive
modulator system.

With 650 volts on the plates of two of
these tubes in a push-pull circuit, a very
powerful and steady signal can be radi-
ated, and can easily be modulated with a
pair of 46’s operated in class “B"” push-
pull. In the transmitter here described,
every effort has been made to reduce
losses, due to poor insulation, to an ab-
solute minimum. Nothing but the highest
grade parts with excellent insulation have
been used. Why use inferior insulation on
a tube that has its grid and plate leads
brought out on the glass envelope, for the
sole purpose of improving their insulating
qualities and to reduce the inter-element
capacity.

The Push-Pull Oscillator

The push-pull oscillator is mounted on
a 7x10x2 inch aluminum chassis, in order
that the filament and plate supply wiring
could be isolated from the portions of the
circuit carrying radio frequency currents.
This isolation is really necessary if stable
and efficient operation is to be obtained.
Remember, we are working on 60 mega-
cycles, not 3.5. And if there should be
the slightest trace of R. F, in the filament
circuit the chances of ruining the tubes
are very great.

No filament by-pass condensers were
used because without them, there was no
trace of RF in the filament circuit. And
the use of them provides a possible
chance of the filament circuit being tuned
to the frequency, or a harmonic of the
frequency at which the transmitter is be-
ing operated. If no traquble of this sort is
experienced without filament condensers
leave them out. The switch shown in the
filament center-tap lead is provided as a
means of turning the oscillator on and off.
If the switch were to be placed in the
plate cireuit, there would result a very
heavy spark and in most cases it would
continue to arc, due to the action caused
by the modulation choke or the modu-
lator output transformer secondary; at
the center tap however there is only the
slightest trace of a spark.

All inductances are provided with ba-
nanna type plugs, in order that they can
be changed easily. The stand-off insula-
tors are equipped with jacks to accommo-
date these plugs. Be sure to use a good
plu% which makes a very tight contact,

osses will result at this point. A
glance at the photographs and diagrams
will give any further details and no more
need be said of the oscillator at this
point.

Oscillator Power Supply

The power supply for the oscillator
should be capable of delivering around
650 to 675 volts at least one hundred mil-
liamperes, although the highest plate cur.
rent drawn by the oscillator was 90 mills.
(M. A.) It should be well filtered in order
that the quality of the voice will not be
impaired by a “hum” on the carrier. A
brute force filter was used because of its
simplicity and effectiveness. Some might
shudder when they see a 2 mf. condenser
used directly across the mercury vapor
tubes, but there is really no danger in
this, because the tubes are operated well
under their peak voltage rating. The type
866 can be used at this point in place of
the 871’s or 888’s, whichever you wish to
call them, that are shown in the diagram.
A type 523 can also be used here with
much less “hash” (noise caused by vapori-
zation of the mercury) in the receiver,
but this tube will be considerably over-
loaded and long life cannot be expected
from them. However, they are not ex-
pensive and the reduction in noise might
make their use worth while. The filter
choke is of the common variety, rated at
30 henries and 150 mills. (M. A.) The
power transformer has a high voltage
secondary with 650 volts each side of

center-tap, which with the filter system
and rectifier tubes used, gives around 6560

5 and 10 meter push-pull

volts at 90 mills (M. A.) pure D.C. This
transformer also has a 2.5 volt winding
for the rectifier tubes and two 7.5 volt
windings, which are hooked in parallel to
supply filament voltage for the oscillator
tubes. So much for the oscillator power
supply.

The Modulator

A good medulator unit is just as im-
portant as the oscillator, because it is
the modulator that is responsible for the
voice being super-imposed upon the R.F.
carrier wave. B

The most economical modulator is the
class “B” type, which has become very
popular with the “Hams.” The one shown
here uses a 56 class “A” speech amplifier
transformer, coupled %o a 46 Class “A”
driver, which in turn furnishes excitation
for the two 46's in class “B” push-pull.
The plate voltages for the tubes are as
follows—250 for the 56, 250 for the 46
“A” and about 450 for the 46’s in Class
“B.” With these voltages on the various
amplifier tubes it is possible to completely
modulate the R.F. oscillator witﬁ 650
volts at 90 mllhamperes input. Here also
good equipment is necessary if full out-
put is to be obtained from the tubes, with
anything like BC (broadcast) quality.

The output transformer used in this
modulator has a secondary with taps
varying from 3,000 to 8,000 ohms impe-
dance and provides a very flexible unit,
which can be coupled to almost any out-
put loaé efficiently and thus permit a
maximum transfer of audio voltage. The
method of calculating the load impedance
of the oscillator is—Plate voltage divided
by plate current.

It is to be remembered that the micro-
phone is responsible for the quality of
voice fed into the modulator. Use nothing
but the highest grade single-button, or pre-
ferakiy a good double-button mike for the
best quality.

With the values shown in the diagrams
the plate current of the oscillator should
be 60 mills (M. A.) without the antenna
coupled, and 90 mills with the antenna
coupled loosely to the plate “tank.” Do
not exceed this value, or tke tubes will
loose their activeness; higher plate cur-
rents also make it difficult to obtain 100
per cent modulation. If everything is con-
nected properly, an indicating device such
as a Christmas tree bulb or an R.F. am-
meter connected in the antenna will show
a decided increase in brilliancy (or deflec-
tion) as the mierophone is spoken into.
Careful adjustment is absolutely neces-
sary if maximum results and a good per-
centage of modulation are to be obtained.
The writer has seen an adjustment in a
five meter transmitter so slight as to
cause the frequency to shift only 100 KC,
bring the signal strength from R3 up to
R8. Cooperation with another amateur is
very necessary, for his reports checked
against your adjustments is the only defi-
nite proof of the value of your efforts to
obtain an optimum adjustment.

The radiophorne described has been in
operation about three months and the au-
thor has received an R8 to R9 report from
most every station contacted.

oscillater and modulator,

Parts List (Oscillator Circuit)
1—double-section Cardwell variable con-
denser 100 mmf. per section with mi-
calex insulation (feat'lerwelght)
T—stand-off insulators with pin-jack re-
ceptacles (Johnson; Fleron).

mmf. midget tuning condenser,
Hammarlund (National). .
¢—4-prong isolantite sockets, National

(Hammarlund).
1—No. 100 National R.F. choke (2.5 mh.).
1—20,000 ohm grid-leak (10 watts or
maore).
1—100 ohm center-tap filament resistor.
i—single pole, single-throw snap switeh.
1—set of coils—see coil table.
2—type 800 RCA Radiotron tubes (Syl-
vania 824)
i—aluminum chassis, 77x10”x2” deep.

Oscillator “Power Supply” Parts

l1—power transformer, 650-0-650, 2.5, 7.5
volt filament. R. T. Co.

1—30 henry 150 mil. filter ‘choke. National.

2—2mmf. 1000 volt filter condensers,
Flechtheim.

2—4 prong sockets, National.

2—type 871, 888 or 866 mercury vapor
rectifier tubes. RCA Radiotron, (Arco).

Modulator Parts List

1—Mierophone, Universal. (Single or
double button.) Amplion; Lifetime;
Miles; Mayo.)

1—Microphone transformer, Universal.
(Single or double button type.)

1—3:1 ratio audio transformer. National
(or other make).

1—Class B input audio transformer, Na-
tional.

1—Class B output audio transformer Na-
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