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By Way of Introduction
ETWEEN the covers of this little book you will find radio receiving circuits of proved merit. They have been prepared by leaders of the
advance in receiving engineering-men whose services are priceless and
whose experience is very broad.
All of the work on the series of articles contained here has been done under my
direction by men who are specialists in their particular lines and whose valuable services are placed at the disposal of readers of RADIO B_ROADCAST.
You may find this work a little loose-jointed from a literary standpoint, but
that is necessarily so, because the material published here has been printed from
the same plates used in printing the numbers of RADIO BROADCAST in which
it first saw the light of day.
The reason for this booklet is to enable those readers who have found it impossible to procure certain back numbers of the magazine to have a complete file of
the material on the truly remarkable "knock-out" receivers.
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N publishing this series, we wish to express our appreciation for the unstinted
effort of those engineers whose work behind the scenes has made it
Ipossible.
We wish to thank Schloemilch and Van Bronk, the men in whose favor the
fundamental patent on the knock-out single tube receiver was issued.
And our thanks are also dueTo John R. Meagher, whose work with Mr. Harkness resulted in the publication of the first article in our November, 1923, number.
To Dr. L. M. Hull of the Radio Frequency Laboratories at Boonton, N. J.,
whose valuable research work has helped us to detennine which circuits
to use and which not to use.
To Zeh Bouck, Editor of the RADIO BROADCAST Lab Department, who built
a great many of the various models and who so ably described them.
To C. H. Brown, who suggested the use of the spiderweb type transformers.
To John V. L. Hogan, Consulting Engineer of the Connecticut Telephone &
Electric Co., Meriden, Conn., who spent many hours in the editor's
home working on the application of the Sodion tube to this reflex circuit.
To Walter VanB. Roberts of the Palmer Physical Laboratory, Princeton
University, for his excellent work in applying regeneration without radiation to this excellent circuit.
To that group of investigators, who for reasons best known to themselves,
do not care to have their names appear here, and
To those readers of RADIO BROADCAST who have written us such encouraging letters in appreciation of the work we are doing on this form
of reception.

~~\\.y.
Editor, RADIO BROADCAST.
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THE COMPLETE OUTI- I T

Everything including the A a nd B batterics may be placed man attractive cabinet.
Some idea of the simpl icily of operat ion may be had from a glance at the panel

How to Make a One-tube Reflex Set
That's a "Knock-Out"
Described in a Most Comprehensive Marmer, with Complete
Instructions for Building and Operating It. It Should Operate
a Loud-Speaker over a Cryslal Range and It Is nota "Blooper"
By KENNETII llARKNESS

This a rticle first sa\\ the light of day in our November 1923 numbcr. S incc tha t time wc have dcsigncd
and dcscribed various modifications of this fundamcntal circu it and scveral new developments are in the
firc. As soon as the rcsults wc obtain are satisfactorv these sets will be dcscribcd. 1n this num bcr thcre
are two modifications of the receiver dcscribed below. Both are improvements. By confining our efforts
to a single fundamental idca it is possible to providc our readers with the most rcliablc data on receivers
wilh011i making it necessary to discard any mataial prev1ously purchased.
We have had so mam letters from cnthusiastic supporters of this receiver and so manv rcqucsts for extra
.:opies of the ovembcr numbcr that wc fee! that its rcprinting wil! fill a rapidlv growing necd. The boileddown digcst of our readers' comment shows ven pl ain h· th at the receiver rc:illv is what wc have callcd ita knock-out. T HE Eo1TOR.

W

E I IAVE often heard of onetube receivers that will actua te a loud speake r, but
seldom do we have the experience of listening to such
a performance; and in radio--hearing is beIieving so we are justly skeptica l of these
"wonder sets."
lndeed , the super-regenerative " nivve r "
receiver was the first (oud-speaking one-tube
set * we had occasion to witness in actual operation, and although it made a remarkable
showing in reproducing local stations, distant
'See "Operatmg a 1.oud Spt.•aker on One 1 ube \\'ithout
Battcries" in RADIO B1to,11c,s1 fo r June, 1923.

..:

reception appea red impossible and some rather
complicated knob a nd dia( juggling was required in the process of tuning.
lmmediatelv after the super-regene rative
craze died down, we were deluged with hashedup versions of revivified and rejuvenated but
ncverthelcss ancient renex ci rcuits; but until recent(~ we were sti ll looking fora demonstration
of a one-tube set that wou ld make a loud
speaker " percola te."
For this reason we spent many days and
nights in an effort to produce such a single-tube
receiver. Our work has resulted in a n outfit
that is simpte and incxpensive to build, easy to
install and operate as well as being compact
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The one-tube renex circui t, which
gives a stage of R. F., detector,
a nd a stage of A. F. a mplification

Fil.

and portable. It will function with any kind
of receiving tube naw on the market and will
operate a loud speaker over dist a nces about
equal to those it is possible to hear with the
telephones on an ordinary crystal receiver.
When used with a headset it is capable of very
long distance reception, extremely sha rp tuning, and exceptionally clear reproduction of
speech a nd music.
T he receiver is essentially a one-tube reflex
outfit, but involves certain modifica tions that
make for efficiency, sensitivity, volume, clarity,
a nd ease of con trol. 1t is:
Efficient- because the one tube is made to do
double duty and because a n improved circuit
with correct constants is em ployed.
Sensitive-because a stage of tuned radiofrequency amplification is provided before the
hwed detector circuit.
Volume-because a stage of audio-frequency
amplification is used to amplify the rectified
impulses and because botb the radio-frequency
amplifying and rectifying circuits are tunedgiving maximum amplification with corresponding selectivity.
Clear- because a crystal is used for rectification : a nd because, when properly adjusted,
the vacuum tube does not oscillate a nd the

howling and squealing so noticeable in regenerative receivers is totally absent.
So far, not so bad, eh?
METHOD

OF

PREVENTING

SELF-OSCIL LAT ION

0

RDI NARILY in a reflex ci rcuit the tendency toward self-oscillation is so grea t
that a potentiometer or similar device must be
employed to impress a positive charge on the
grid so that the resultant grid current will
prevent self-oscillation.* In a plain radiofrequency amplifier this would be quite satisfactory , but when it is desired to use the same
tube for audio-frequency amplification it is necessary to operate the grid at a negative potential or else the A. F. amplification will be nil! 1t
is evident then that reflex systems utilizing a
potentiometer stabilizer are out of the question.
We could employ reversed inductive or
capacitive feed-back to balance the self-oscillations, but each of these systems has certain
disadvantages; especially in a circuit having a
variable resistance element such as a mineral
rectifier.t The adjustment would necessarily
be tricky and unstable.
*Sce " Radio-Frequency Amplification Without Distortion or Reradiation," RADIO BROADCAST for J uly, 1923,
page 214.
tSeveral fixed crystals, such as the Erla a nd Pyratek
have been used in the R. B. Lab with great satisfaction .
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The method of preventing self-oscillation in
the receiver to be described is not new, but, to
the best of our knowledge, its application and
dual functioning are original.
Briefly, if the grid and plate circuits of a
vacuum tube are adjusted to the same frequency, even though they are not in inductive
relation, the inter-element capacity of the
vacuum tube is large enough to feed back
sufficient energy to produce self-oscillation.
lf a third and independent circuit is closely
coupled to either the plate or grid circuit and
this independent circuit is tuned, it will cause a
reduction in the amplitude of the local oscillations, and if the initial amplitude is not too
great, the reduction will be effective in preventing self-oscillation. Further, the energy in
the independent third circuit may be fed into
a rectifying device, the dam ping effect of which
will still further aid in preventing undesirable
self-oscillation.
The practical application of this system may
be noted in Fig. 1. The primary coil of transformer T2 is in close inductive relation to the
tuned secondary circuit-which latter functions

in the dual röle of the independent tbird circuit
and the ltmed detector input.
The rest of the circuit is standard, but every
endeavor has been made to reduce the number
of controls without decreasing efficiency. Thus,
the antenna circuit is made slightly aperiodic
li.e., requires no tuning over the range covered
by the secondary); the filament circuit is
" made" or "broken" by the automatic filament
control jack, and a ballast resistance is used
in place of an adjustable rheostat; the plate
winding of T2 is sufficient to allow good transformation without direct tuning of the plate
circuit; the grid and detector inductances are
fairly widely separated and at right angles
to each other so there is a minimum of inductive feed-back.
SIMPLE DESIGN AFFORDS EASY CONSTRUCTIO~

AN AMATEUR

should have little difficulty
in constructing a receiver of this type
as the photographs afford constructional details which may be readily understood, even
by the newcomer in the radio game.
1n the top view, Fig. 2, the disposition of

r\

This is how the receiver looks from above, Note that the two transformers
(Tr at the left, T2 at the right) are mounted at right angles to each other
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parts is clearly shown. The transformer
mounted behind the left hand condenser constitutes, with the condenser, the tuned antenna,
grid, radio-frequency transformer unit T1 ; at
the right hand side is mounted the plate-detector, audio-frequency transformer unit (T2).
An " Amperite" or other fixed resistance is
mounted at the right side and battery terminals in the rear of the socket strip.
In the front view, on page 2 , may be seen
t he controlling knob of a mechanica! crystal
detector illustrated in Fig. 3. This detector
has proved its excellence as to ease and
sta bility of adjustment, two factors of prime
importance which should be looked for in
selecting this item ; but any good crystal detect or may be used.
T he entire set is mounted within a special
cabinet with provision for separate battery compartments. T he top and center panels of the cabinet are hinged to allow access t o the tubes and
tunin g controls. When closed, the instrument
is completel y protected from dust and injury.
Close study should be given the photograph
of the empty cabinet , Fig. 4, which shows the
p rope r measurements. 1t is advisable to secure
a ll the material necessary before starting t he
act ua l assembly of this receiver.
LIST OF MATER I A LS REQU I RED

1 Audio-frequency transformer, 4{ to I ratio
1 Panel-moun ting crysta l detec tor, mechanica! adjustment
prefer red
2 Special tu ned radio-frequency transformers, utilizing2 .0004 m fd . variable condensers
2 118 11 Formica forms, 2 11 long a nd 2 f" d ia.
k lb. No 28 cotton and silk insula ted wire
2 8 11 strips of 1" cambric clot h

F I G.
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A small French crystal detector which is gaining popularity
in t his country. Few are a vailable at present, hut they a re
to be marketed in q uanti ties shortly. Thecat-w hisker and
crystal a re completely enclosed. Adjustment is accompl ished by rotating t he small knob shown a t the right

5
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8 Switch points a nd 8 hexagon brass
nuts for
terminals
11
4 ¾" mounting pilla rs a nd 4 1 III round head machine screws for a ttaching the transforme rs to the
condensers
2 dials to fit condenser shaft s
1 Fron t panel 7½" high, 911 long a nd 18. ' ' thic k
1 Sub-pa nel with spun-in socket 3½" x 511 x ;16 11
1 111 Brass a ngle 3½" long, '8" stock
1 Automa tic fil a ment-control jack. Micarta insulation
5 Binding posts, l""t. screws
2 Spring mountings for Amperite or fi xed resista nce
4 Feet of bus ba r
2 Feet of No. 23 ba re copper wire
2 Feet of small nexible cambric tubing
8 i" ,t2 round head machine screws
8 i" .,,01 fl at head machine screws
1 Vacuum tu be, preferably a UV-201- A or C-30 1-A
1 4 5- or 90-volt B battery
1 A ba ttery of 6 volts, eithe r storage ba ttery or dry cells
Headset or loud speake r
ANTENNA EQU IPMENT

Either

light-socket a ntenna a ttachment or
200 Feet No. 12 rubber-covered copper wire
11
3 5 glazed porcelain corrugated insula tors
1 Lead-in insula tor
1 Lightning a rrester (not necessary when a ntenna a ttachment is used .)
I

CA BIN ET MAT E RI A L

4 pieces 7f1 x 8½'' x ½"

1 Base 9i" x 18" x ½"
1 Top piece 2f' x 18" x ½"
1 Cover 7'' x 18 11 x !"
2 Doors 4f' x 7f' x l"
2 Front pieces 7f' x 4½" x ~,,
THE TUNE D R . F . T RANS FORM ER UN I TS

P ECIAL care should be observed in constructing, or purcbasing (if yoit do not care
to build tbern), the tuned radio-frequency
transforme r units, as successful operation
is greatly dependent upon them. For this
reason exact specifications are given, and it
would be well to employ similar material,
follow the same constructional lines, and
make all connections in accordance with instructions if duplication of t he results mentioned above is expected.
Procure à-lb. of number 28 single cotton
(under) and single silk (upper) insulat ed softdrawn copper wire and two fo rmica fo rms ,-\
inch thick, 2 inches long and 2~ inches in
diameter.
Num ber 28, S.C.S.S. wire is chosen because
it combines highest efficiency with exceptionally neat a ppearance. T he double covering
provides good spacing between the metallic
conductors. T he white cotton protecti ve laye r
affords good insulation, while the silk layer is
pleasing in a ppearance and does not allow the
shellac to gather and harden between turns. T he
usual effect of increased distributed ca pacity
resulting from the use of shellac or other dope

S
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inside. The projecting pieces
of the screws are cut off and
solder flowed over the nut to
prevent loosening. S m a 11
holes to pass the wire should
be drilled near terminals 1
and 3 (Fig. 1).
The seco ndar y coil is
wound on the form first;
starting at terminal No. 3 to
which the wire is soldered, 6o
turns are placed evenly and
tightly; the end of the wire is
1{ " brought through the form at
8/2, a point opposite terminal
No. 4 and soldered to that
terminal.
A one-inch strip of cambric cloth or other flexible
sheet insulating material is
wrapped over the secondary
and held in place with glue.
The primary, of 15 turns,
is wound on the insulating
material, spaced in the center
F IG. 4
and
in the same direction as
The receiver slides into the middle compa rtment, t he side sections being provided
for the A and B batteries. 1f the constructor of the set prefers not to make the the secondary.
cabinet, it may be bought fora reasonablc sum
The beginning is soldered
to terminal o. 1 and the
on ordinary cotton covered wire is thus reduced. end of the coil is brought through the form at
lt is interesting to note that when coils, especi- a point opposite No. 2 and soldered to that
ally cotton covered, are not treated with some terminal.
form of moisture-resisting material , a relatively
The entire form may be given a light coat of
great amount of moisture will be absorbed, the thin shellac, collodion or airplane "dope"
insulation between turns is materiall y reduced , leaving only the terminal heads untouched
and this fairly low-resista nce shunt across the for soldering. When th roughl y d ry the
coil is extremely detrimental to sharp tuning. transformer is mounted on its condenser-·
The particular size wire is chosen because one method of accomplishing this is shown in
with it a relati vely small length of wire is re- Fig. 2. Two holes 1 ?i" apart may be drilled and
quired fo r a ny given inductance and in addition tapped for 3\ thread in the end plate of the
the value of capacity between turns and there- variable condenser. Two 31i,,; machine screws
fore the total value of distributed capacity is and small brass pillars a re used to support the
lower than would be the case with heavier wire. transformer away from the condenser. The
arrangement should be similiar to the illustr2MAKING TRANSFORMER T l
tion in order to retain short leads.
NE of the two Formica forms (see list
MAKING TRANSFORMER T2
of materials) should be provided with
four te rminals a nd two mounting screw holes,
H IS transformer is constructed in a manmade with a o. 2ï drill. The t erm inals are
ner similia r to T I with the difference that
situated ~" apart, !" from one edge. The the primary (top coil) has 35 turns.
mounting holes are ! " from each edge on a
Referring to the diagram, Fig. 1, it will be
line parallel to the axis and between the two seen that the re a re fii-e connections to T 2; the
center terminal s. The terminals may consist of fifth connection is a center tap on the secondswitch points with the heads outside and ary and should be used only if the receiver is to
hexagon brass nuts clamping them to the form be operated in the vicinity of an interfering
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station. Otherwise this
tap should not be provided as it reduc es
~gnal strength, a~
thoughat the same time
increasing selectivity
because the damping
effect of the crystal rectifier is effective over
only half the inducta nce; if a vacuum tube
detector were used, the
value of this connection
FIG. 5
would be nil, the gridThe tuning units T2 and T 1 (left to right)
filament resistance being so high. Although
the volume would be diminished, selectivity panel mounting may be purchased for about
would be neither greater nor less.
S1.50 and the assembly of the sub-panel will
In most cases the lead from the positive B then be up to the in genuity of the constructor
terminal of the primary of T 3 will be con- himself. Figs. 10, 11, and 12 will help to show
nected to terminal o. 4 of T2 rather than to the proper a · rangement of parts.
the tap.
1n a ssembling, care should be taken that the
Only a very light coat of dope or shellac audio-frequency transformer is placed with its
should be placed on the primary of o. 2 as grid terminal adjacent to T1 ; the plate terminal
it is desired to keep the distributed capacity will then be close to T2 so all leads may be
made very ~hort.
very low.
In mounting, T2 should be placed on 1ts
Four binding post s are located on this subcondenser at right angles to that of T1. Fig. 5 panel as indicated in the drawing Fig. 8.
shows the correct arrangement which should This is the correct method in contrast to the
be followed.
photographs which show a receiver with a
The photographs of the back of the complete slightly different wiring system.
receiver (Figs. 2 and 6) indicate that the
Special attention should be given the springs
variable condensers face each other; this is not of the tube socket as "dead" tension will in
good practice because the dials must then be time cause a great deal ofdifficulty, chiefly charof different types, one reading lcft hand and acterized by noisy and spasmodic operation.
one right hand . Therefore, in the panel layTHE FRONT PANEL
out, Fig. 7, and in the photograph of T1 a nd
T2 (Fig. 5) corrections have been made so
111S should be of Bakelite, Formica, or Rathat bath condcnsers are mounted in the samc
dion, 9 11 long, 7½" high and 1ft0 to : "
manner a nd both dials may be of the same thick. Bakelite or Formica should be sanded
type. All sta ted dimcnsions have been checked or grained on bath sides, but Radion should
and corrected so that the drawings may be rctain its origina l fin ish. The panel is drilled
followed with perfect assurance that every- in accor<la ncc with the front panel layout, Fig.
thing will fit.
ï, but the position of holes may be changed
These special transformer units, bath T1 a nè to sui t any condensers.
T2, may be purchased if the constructor wishcs
ASSEMBLY
t o save time and la bor. They a re priced at
about $6.oo each.
T ABOUT this stage in the manufacture
of a home made receiver, the amateur
THE VACUU.M T UBE STRIP
workshop, whether it be a real shop, the
HE vacuum tube socket is" spun" into a kitchen, parlor, or attic, has assumed an air of
sub-panel 3~" x 511 x 13u'' on which are congested indecisiveness that hardly bespeaks
located the filament resistance mounting clips, the usually tidy habits of the constructor;
binding post s, audio-frequency transformer and c0ils, tools, condensers, dirt, sockets, wire,
mounting bracket, but single sockets made fo r binding posts, solder, and some more dirt and
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tools are indiscriminately mixed and thrown
about. When it comes to assembling, some of
us do not stop to clean up--we merely shove
the cluttered mass to one side and with a
clear space of six inches go right ahead.
How much better it would be if we were to
stop for a few moments, clear up the dirt, put
away unnecessary material, and leave before
us only the essential parts for immediate progress. Surely the orderly surroundings would
tend to create that orderliness of mind which
enables better and more accurate work. Let's
try it. We should" have before us on an
otherwise clear table the following parts:
1 T2 transformer unit.
1 T1 transformer unit.
1 Sub-panel with binding posts, tube socket,
A. F. transformer, and resistance mounting clip in place.
1 Crystal detector.

F IG.

The receiver as

Single-circuit automatic filament-control
jack.
1 Front panel , drilled and sanded.
Also a screw driver and 3 -h flat-head machine screws g" long.
The vacuum tube strip is mounted first by
threading two screws into the angle bracket
(Fig. 9, and at the right in Fig. 10). The
heads should be just flush with the panel.
T1 is mounted to the left of the socket strip,
T2 to the right (from the front). All screws
should be driven with a firm and equal pressu re in order to avoid unnecessary strain on
the condenser shafts.
The aerial binding post is placed in the upper
left-hand corner of the panel- this is arranged
so connection is made from the rear, obviating
an unsightl y lead-in. The crystal detector
and jack are mounted last ; the frame of the
jack should be facing down. As the final step
1

6
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in assembling, the dials
are placed upon the condenser shafts and so arranged that the movable
plates are all " in " when
the indicating mark on
the panel is in line with
the highest mark on the
dia!.
NOTES ON W IRING

<¼}

$c
CONO. ~NOH
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CONO. AND T2

A GAI N there is need for
/î. a clear space, the
proper tools, and, if poss i b l e, some experience.
As every joint must be
soldered, a soldering iron
is quite essential. So also
is a pair of {" flat nose
pliers, a clean rag and
DETECTOR
8P.ACKET
J~CK
bus bar wire. "50-50"
bar solder is splendid, and
soldering paste may be
F IG. 7
used if difficulty is experiT his plan is i the actual size of the panel. For a holes, use No. 27 drill a nd
enced with rosin flux,
counteirsink the holes to fit na t-head screws; for b, use No. 27 d rill; for c, use
though the excess should
fs'' drill; ford, use ,•.'' drill
be removed with a little
alcohol, after the soldering is completed. battery terminal runs direct to one filament
Although each of us has his own way of doing contact white the negative A battery terminal
things, the generally acknowledged method of goes through the automatic filament contra!
wiring may be condensed in the following seven jack break and the "Amperite" mounting
(R 1) to the other filament contact, thus compoints:
1-Solder all joints. Soldering to a lug and pleting this circuit.
The transforme rs a re connected as folscrewing the lug to a terminal does not constitute a solder joint- the wire should be lows:
Tt- o. 1 to the aerial binding post; No. 2
soldered direct to the terminal.
2-Flow the solder in all joints so they are to the negative A battery termina l; No. 3 to
perfectly smooth when cold. This requires a the stationary plates of the variable condenser
properly heated and tinned iron with sufficient and then to the grid spring of the tube socket;
No. 4 to the rotary plates of the variable
flux.
3-Do not be too sparing in the use of flux, condenser and to the "G" terminal of the
but immediatel y after soldering remove all seconda ry of the audio-frequency transformer, T 3.
traces of paste--with scrupulous care.
T2-No. 1 to the plate contact of the tube
4- Use square tinned bus bar wire whersocket; No. 2 to the positive B battery bindever possible.
o. 3 to the stationary plates of its
5- Make 90° bends and run stiff connections ing post.
variable condenser and to either terminal of the
only vertically and horizontally.
6-Wires more than a few inches in length crystal detector ; No. 4 to the positive B tershould be run against the panel or other in- minal of the primary of T3 and the rotary
sulating support- they should not be left un- plates of the conden ser.
T3- " F " to negative A battery terminal;
protected in space.
7- When soldering a wire to a terminal, aim P to the other side of crystal detector. Conthe wire toward the center of the terminal-do necting the negative B battery binding post
to the long curved spring of the jack completes
not solder it to the side.
Wire the filament circuit first ; the positive A the circuit and the receiver is finished !
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RESISTANCE STRIPS FOR DIFFERENT TUBES

'AM PER ITES" or automatic ballast resistances may be purchased in two types;
one (PT) for power tubes- that is, tubes drawing I ampere; the other (1A) for !-ampere tubes
such as the WD- 11, WD- 12, all the "C" tubes
and UV-201-A. The resistance of both types
varies with the current in such a manner that
light fluctuations above and below the normal
battery voltage do not produce a corresponding change in filament current. This property
of varying resistance is the chief asset and,
strange to say, the greatest drawback of this
t ype of ballast resistance. For, when a battery is applied to a circuit containing a fixed
resistance (such as the filament of a vacuum
tube) and a varying resistance such as an
"Amperite " the initia! current is governed
solely by the sum of the value of the fixed
resistance and the Amperite-when "cold."
And , unfortunately, the resistance of an
Amperite is much lower when "cold" than when
heated by passage of current-therefore the in-

a¼

a-$-

a-$-

Q-$-

IH

B-

A+

A- GND.

a+ AMPER!TE

M'Tt;.+a

40
ANGLE
FIG.

BRACKET
8

Plan for the sub-panel. This is in correct proportion,
but less than actual size (t¼).
Fora holes, use No. 27
drill; for b holes, use No. 52 drill

ANGLE. 6RAC~E.T

3!. Y. 1•
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11 21
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This is the bracket (half actual size) that
fastens the sub-panel to the main panel

itial current is in excess of the proper value and
is quite harmful to the filament of a tube.
For this reason and a lso because ballast resistances are not made for all types of tubes,
we have for some time been using fixed wire
resistance strips which may be slipped into the
regular mounting. They are easily made, and
with the proper length and size wire may have
any value of resistance.
The first few were made from portion s of
the resistance element of a regular 6--ohm
rheostat. Each portion was 2" in length and
utilized the resistance wire salvaged from the
rheostats.
A much neater job can be made however if
~" insulating rod cut into 2" strips is fitted with
two metal end pieces and wound with the resistance wire, both ends of which are soldered
to the end pieces. The rod should be threaded
so the wire will not sl ip and short circuit adjacent turns. Small thumb tacks or simil iar
devices have been employed as connecting end
terminals.
l t is necessary to know or determine the
resistance per unit length of wire in order that
the proper amount may be employed to offer
the correct resistance.
! laving selected a type of tube and the Abattery voltage, reference to the table will enable
selection of the proper resistance strip. Thus,
if a UV 199 with 4.5 volts "A" are chosen, a
strip of 30 ohms should be inserted in the subpanel clips; a WD-11, WD-12, or W. E. "N"
tube with a si ngle dry cell will require a 2ohm resistance, and so on.
Choice of tubes and batteries rests with the
constructor; personally we prefer a UV-201-A
with4 series drycèlls or a6-volt storage battery.
l lowever, the UV-199 with 3 series dry cells
very nearly equals the UV-201-A and is much
more pratical for dry cell operation. The
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compartment for the plate battery. Sufficient
room is allowed to accommodate medium size
B batteries and full size A dry cells without
crowding.
The panel is set back in its compartment 2"
and is held in place with four flat head ¾"
wood screws driven into corner blocks ?"
square and 2 11 long.
Finish is optional, but a dull gloss seems to
be popular.
THE AERIAL

P

FIG.

10

The sub-base from the left

WO- 11 , WO- 12, and W.E. " "tubes are of
the single dry cell type; they opera te qui te well,
but it has been our experience that they come
thro ugh very irregularly- some being good
and others quite the opposite. The B battery
voltage may vary from 45 to go although with
this receiver as much as 300 volts has been applied to the plate of a UV- 201 - A: the resultant
volume being compar.able to the output of a
sin gle-tube super-regenerative receiver.
The following table shows the value of
resistance for use with different A battery
potentials on various tubes in order to restrict the current to a point slightl y below the
no rmal co nsumption rate.
TU B E

B ATT. VOLT AGE
(Rcpresenting 1, ~
an d 3 storage cells
and 1 , 2, 3, and 4
d ry cells.)

UY-201- A
UY- 201- A
UV-20 1- A
\V D- 12 ~
W D-, 2 or-11
UY- 199
UV- 199
UV- 199
UV- 199
LV- 20·

RESI ST ANCE

6.o
4.5
4.0
1. 5
2.0
3.0
4.0
4.5
6.o
6.o

6.o
o.*
o.*
2.0
4.1
o.*
18.0
30.0
55.o
1. 5

ARTI CULAR care should be taken in the
design of the aerial as, for best results,
the resistance should be low. We advise a
single-wire aerial, 100' to 150' in length, at least
20' above surrounding objects. The lead-in
may be a continuation of the aerial wire and
should be brought away at right angles to the
horizontal portion. Glazed porcelain insulators are doubltess best for a small receiving
system and should be used at all points of
suspension.
In the event that an aerial cannot conveniently be employed, reception may be effected with a ground connection afone. This
usually will give equal if not better results than
a small aerial. The ground should be connected to the aerial terminal and the receiver
tuned in the usual manner. Several grounds
should be tried- the best t y pe appears to be

CU RRENT

.23
.22
.20
.23
.23
.o6
.o6
.o6
.o6
.92

TH E CABINET

T

HI S may be readil y constructed at home
if o ne is a t all handy with wood working
tools. Othe rwise, it should be purchased .
The left-hand battery compartment is for
the filament heating source, and the ri ght-hand
*Direct short. May be made like other resistance strips
but has only a copper wire joining the end terminals .

•
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one in which a rather long lead runs toa distant
ground; this is, in effect, a grou nded aerial
with the receiver connected to the free end.
The lighting system may be employed in a
similar manner through use of an "anten na
attachment"- if results are satisfactory the
more or less cumbersome aerial may be dispensed with.
INSTALLATION

(A) Connect both A and B batteries to their
respective binding posts- care being taken to
have the polarity correct. Use number 18 or
heavier rubber-covered stranded wire and keep
all leads short and direct.
(B) lnsert the vacuum tube and Amperite
in their sockets and ascertain that positive
contact is assured; it would be well to bend up
the socket springs slightl y in order that they
may exert considerable force upon the vacuum
tube pins.
(C) Connect :i suitable ground to the
negative A binding post and an aerial such as
described above to the aerial binding post.
OPERATION

(A) Place the output plug in the jack; the
vacuum tube should light instantly.
(B) Set both dials to the same point and adjust the crystal detector until a fairly stron g
"click " is heard.
(C) ~lowly vary both dials between maximum and minimum position, maintaining
them in approximately equal relation to each
other.
(D) When a station is heard, turn the grid
variable condenser and center it for stronger
response, following this by adjusting the detector for better results.
(E) Further manipulation of the crystal for
the most "sensitive " adjustment will improve
both the quantity and quality of reception.
(F) With an average·antenna, both dials will
nearly coincide for -any wavelength. No
difficulty will be experienced in tuning both
circuits to the same resonant frequency, as
clicks (from crystal adjustment) are heard
only when the grid and detector circuits are in

i-lG.
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1 he sub-base from the rear

tune with each other; being loudest when the
circuits are exactly in resonance.
(G) \\'hen the crystal contact is "off," the
receiver may oscillate, especially if headphones are used while tun_ing. There area few
methods of stopping this, but as it is rarel y
annoying special precautions are not necessary.
(H) On strong signals, the condenser in the
crystal detector circuit is not very critica\, but
it has a well defined maximum resonant peak
which may be passed over if this control is
varied too rapidly.
(1) lt is the combination of controls that
makes for selectivity, and both are qui te critica!
on weak stations.
(J) The crystal adjustment is important
not only for strength and clarity of signals but
also for selectivity.
( K) On a stiff piece of manila paper provide
three columns to record:
( 1) Stations call letters, (2) T1 dia! setfr, gs
and (3) T2 dial settings. This record may 1e
permanently placed on the inside of the cover
(under transparant celluloid, for example) and
referred to when the program of a certain station is to be tuned in.

IMPORTANT NOTICE
For the broadcasting wavelength range we have found that variable condensers from .00029 to .0004 are
preferable to .0005, but if you already have .0005 they wil! do very well. The coils described as T1 and T2
may be made by securing two 6o-turn duolateral or honcycomb coils and winding the necessary nr.nbcr of
turns for the primaries right on the outside edge. Arrangements have been made with several manufacturers to supply any of the parts by mail , if your local dealer cannot supply you.-THE EonoR.

So much corking good Lab material is piling up that we are forced to devote more space to it this
rnonth than we originally intended it to occupy. Our successful experiments with the apparatus
described, a nd the many letters of inquiry, appreciation, and suggestions that have corne to our office
since the R. 8. Lab was started, in October, persuade us that we could not employ these pages to
better advantage.
Upon observing the one-tube reflex circuit in operation and seeing a sample of a Ballantine Variotransformer sent us for test, Mr. Zeh Bouck, Editor of the R. 8. Lab. suggested the unique arrangement he describes below. We then asked the manufacturers of the transforrner to build up a circuit in the manner
described. A cornprehensive report from that company indicates that the results obtained check with our
own, and that the Variotransforrner works about as welt in the circuit as the radio-frequency transformer
and variable condenser combination described in R. 8. for November and used by Mr. Bouck.
RADIO BROADCAST will be pleased to buy from its readers, at prices from three to five dollars, cornmensurate with the value of the data, kinks, devices, original ideas, etc., with photographs 1f possible,
which the editor rnay consider eligible for this department.-THE EDITOR

IMPROVING THE ONE-TUBE REFLEX SET

T

.1.

HE article by Mr. Kenneth Harkness, in the November RADI O BROADCAST, on the best one-tuhP reflex
set that has ever been brougn. to the
attention of this magazine, furnished
~he Lab with material for additional experinents. The object of the tests was the elimination of the predominant and admitted defect of such sets, namely the tendency toward
self-oscillation. This fault was overcome to a
considerable extent in Mr. Harkness' set, and
though remarkabl y stable for apparatus of this
type, the set wil! nevertheless oscillate at
certain adjustments on the radio-frequency
transformer (T2, page 14, RADIO BROADCAST
for November). These adjustments are: ( 1)
when the single tuning condenser across the
secondary of the transformer does not effect
sufficient resonance between the primary and
secondary (when they are not tuned sufficiently
near to the sa me wave), and (2) when a highresistance contact is made by the cat-whisker
o n the crystal detector, an adjustment, incidentallv, which is often the most sensitive one.

The reason for oscillations a t such adjustments is this: lf a circuit has a tendency to
oscillate, such as is a characteristic of the plate
circuit of the bulb in the one-tube reflex, and
another resonant circuit is coupled to it, so
much energy wil! be absorbed by this second
circuit that not enough wil! remain to sustain
oscillations. But of course the moment that
this second circuit is detuned (or imperfect
resonance is established, as often happens with
the single tuning condenser), or the circuit
is opened (as is virtually the case when the
resistance of the crystal detector con tact,
which is in series with this additional circuit,
is raised very high), oscillations will start.
I lowever, these difficulties would be obviated
if the transformer unit could be so arranged
that there would a1ways be so perfect a resonance between the primary and secondary windings, that even with a high-resistance crystal
contact, sufficient energy would be absorbed to
smother oscillations. The development of
the Ballantine Yariotransformer, which is a
tunable radio-frequency amplifying trans-
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fonner having a range from
200 to 6oo meters, suggested
this instrument as the solution to the problem. This
transformer has both primary
and secondary continuously
va:riable by turning a single
knob, and both windings are
always tuned to the same
wavelength, i. e., in resonance with each other!
Fig. 1 shows the set as
made up under the supervision of the R. B. Lab and
in which our theory was
maintained beautifully in
practice. The circuit is identical with that shown on page
FIG. 1
14 of the November RADIO Showing the one-tube reflex circuit made up by the R. B. Lab. T he Ballantine
BROADCAST, except that the Variot ransformer is used.
Ballantine Variotransformer
is substituted for T2, and, of course, the vari- we were. Truly, we <lid not expect such results.
able condenser across the secondary of T2 is To date, we have heard (from Garden City, L. 1.)
KOKA, WGY, WJAZ, and WDAP on a loudnot used.
WHAT THIS SET Wlll DO

single tube shown in the photogr:iph and
O NonTHE
the diagram, it will bring in signals more
loudly and clearly t han a one-tube, single-circuit regenerative set. Reception is generally superior to
that achievcd with the set described by Mr. Harkness
in the November RADIO BROADCAST.
With one cxterior stage of audio amplification,
it will bring in local broadcasts so as to fill a large
room (the single tube itself will actuate a good loudspeaker) giving a volume exceeding that of t he
average regenerative set with two stages of aud io
amplification.
lt gives signals of remarkable clarity, with freedom
from crackling sounds (excepting statie, of cou rse)
and other extraneous sounds.
lt will tune sha rply with a minimum of effort, and
with greater ease than any single-circuit regenerator.
WHAT THIS SET HAS OONE

(The following four paragraphs, by the Editor or th is
magazine, indicate what he, personally, has done with the
receiver under discussion.)

tried this one-tube reflex with all
W EkindsHAVE
of tubes in all kinds of places. In every
case it has proven to be a "knock-out." On Long
Island, 23 miles from New York, we have heard two
stations in Chicago on a (oud-speaker, usi ng a 6o-foot
a nten na and a single UV-199 tube with about 8o volts
on the plate. The music was not loud enough to dance
t o or keep the neighbors awake, but it could be
heard in a room of moderate size. Speech was perfectly understandable, and several of our friends
who witnessed the performance were as amazed as

speaker, with the equipment described above, which
is not t oo bad. The local stations can be heard on a
(oud-speaker either night or day and many other longdistance stations have been heard on the phones.
During t he radio show in New York, some of our
out-of-town friends were anything but polite in
letting us know that our enthusiastic statements
regarding this one-tube reflex were taken with a
grain of salt. One went so far as t o say, "Radio a nd
golf will surely make lia rs of us all." That was the
last straw. We took a train fo r Long Island ,
grabbed our little set from the living room tablc,
a mid shout s of objection from an erstwhile happy
family, a nd returned to New York. We made
directly for t he room of our friend, ou r pockets
jammed with dry cells, B batteries, a pairof phones,
and a coil of annunciator wire. Under one a rm we
carried the receiver; under the other a )oud speaker.
In a few minutes a ll the connections were made.
A cuspidor-weighted wire swung from a window on
t he twenty-first floor of a n exclusive New York
hotel. We were less than two blocks (or squares)
from the powerful broadcasting station of the Radio
Corpora tion at Aeolian Ha ll. We had no trouble in
tuning out that sta tion and bringing in other New
York stat ions on the loud speaker-which does not
speak badly for th e selectivity of the receiver!
WHAT THIS SET WILL NOT DO

T

HE set will not oscillate, or "spill over," to
your own a nnoya nce and that of your neighboring enthusiasts (except as described above).
It is apparently immune to body capacity effects,
shielding being quite unnecessarv.

Knock-Out Receivers
As a crystal detector we
used alternatively an iron
point on iron pyrites or a
combination of pyrite and
ferro-silicon which we have
found to possess particularly fine rectifying qualities.
Assuming that the main
point of interest is the performance of the circuit containing a Yariotransformer
relative to its performance
with the transformer specified in the article, a second
t~ned transformer was constructed according to the
specifications supplied for
T 2 , and for purposes of
comparison this transformer
(which will hereafter be
designated the "T 2 coupIer") was substituted for
the Ballantine Variotransformer atgivenadjustments
of the crystal detector. For
the reception of signals an
antenna and counterpoise
FIG. 2
were connected between
The one-tube reflex described below. 1t will opera te a loudspeaker on local stations
terminals A and G havFor a description of the parts, other than the ing in combination an effective capacity of
Variotransformer, and for constru ct iona l data, 700-500 micro-microfarads between 300 and
the reader is referred to the November issue of 6oo meters and an effective resistance varying
RADIO BROADCAST. This set can be mounted on a from 13 to 16 ohms in this wavelength range.
panel, the Variotransformer being made in panelmounting st yle.

THE ONE-TUBE REFLEX WITH A BALLANTINE YARI OT RANSFORMER
(Report by Dr. L. M. Huu of experiments conducted by bim at Radio Frequ.ency laboratories,
Ine., Boonton, N. ].)

.s

HE circuit described in the article " A
Single-Tube Reflex Receiver" has been
assembled and tested, using as the radio-frequency transformer, T 2 , a Ballantine Yariotransformer, Model 5. Transformer T (refer
to Fig. 1 in the above designated article) was
constructed for our test circuit according to the
specifications supplied by the writer. The
transformer, T 3 , was a Genera! Radio "Amplifying Transformer " having a turn ratio of approximately 4:1. A type UV-201-A tube was
used, with approximately 8o volts on the p.ate.

T

When this circuit was excited by a locally generated modulated radio-frequency E.M.F., the BalJantine Variotransformer produced an appreciably
greater amplification than the T. coupler at wavelengths between 3ooand 400 meters, indicated by a
!ouder ,;ignal in a head set connected between the
jack term inals (see Fig. 1, page 2 18) as well as by the
production of an audible sound with the Variotransformer from a signa! so weak as to be inaudible with
the T. coupl er : there was no appreciable difference
in selecti vi ty in this range. Between 400 and 500
meters the signa! intensity appeared to be very
closely the same with either radio-frequency transformer. 1t was possible, by selecting a highresistance contact on the crystal to forceregeneration
to the point of strong sustained oscillation with the
T. coupler, thereby increasing the sharpness of tuning above that obtainable with the Variotransformer. The circuit containing the Variotransformer
was by far the more stable of the two, since it was
found to be impossible to throw t he circuit into
oscillation with any adjustment of the crystal and

,-
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any tuning combination. At
wavelengths above 500 meters
there was no apparent difference between the behavior of
SELECTI\'ITY
the two circuits, although in
subsequent tests signal s from
\\ hen your receiver is to be located within less than
spark traosmitters on 6oo meten miles of a broadcasting station and you desire to
ters were received with appreciably grea ter intcnsity
cut that station out and bring in those a long distance
when using the Variotransoff, even though they may be on nearly the same waveformer.
length as the local station, the tuning system described
In comparative reception
at
the bottom of page 6 is better than the vario-transtests, telephone signal s were
former arrangement. Then, too, the receiver described
received from the New York
stations (distances from 30 to
on page 24 is much more selective. l lowever, the single
35 milcs), from Chicago, Schctube and crystal circuit is sharp enough for use any
nectady, and Buffalo. At the
place more than ten miles from a broadcasting station,
lower wavelengths, transa:.
you may :.ce if you turn to page 43.
mitted by WHN and WGY,
signals v.cre rc cei ved with
slightl y greater intensity when
using the Variotransformer.
At wavelengths above 400 meters there appeared to be little choice betwecn the the tuning adjustment was entircly independent of
two transformcrs, as regards intensity and quality the adjustment of the detector for sensitivity, and
of the sounds produced.
this stability and relative ease of operation were not
One difference between the bchavior of the two offset by any appreciable decrease in the relative
circuits was noticed, however, in that the tendency signa! strength.
of the circuit toward self-oscillation when using the
No quantitative meas urements were made of the
T. coupler depended largel y upon the nature and signa! intensity obtained with the Variotransformer
location of the detector contact, whereas no oscil- in this circuit. The programs broadcasted by stalations whatever were produced when using the tions WEAF and WJZ on the night of October 12th
Variotransformer. Thus with the Variotransformer were received on this ci rcuit and reproduced with
good int e n s i t y in a highimpedance loud speaker.

L'S ING A
COUNTERPO ISE

FIG. 3
The set made by Radio Frequency Laboratories, Ine., showing the primary
of the antenna cou pling wound over the secondary.
In the R . B. L1b's
model the two windings are laicl on side by side

.\ co unterpo ise is a
, ·ery effective method
!>f improving the selectivit_\' of any recei\'er employi ng an
outside aerial. 1n its
most practical form
it is a single wire
stretched in the same
manner as the regular
aerial but nearer the
ground. Ten feet is
a good height. I t may
be f rom 50 to r 50 feet
long. \Vhen a counterpoise is used the regular ground connection is not used.

The Grid
QUESTIONS AND ANSWERS
ADDI 1 G ONE AUDIO REQUIRES NO JUNKING OF PARTS USED IN THEO E-TUBE
CIRCUIT
The circuit illustrated and described here has been built and operated succe.;sfully by many of our
readers. Either of the two previously described systems may be converted into this one. The result is more volume.
ADDING AUDIO AMPLIFICATION TO THE R. 8.
ÛNE-TUBE REFLEX

/ have built the one-tube reflex set described Ï1I the November
RADIO 8ROADCAST, and I must say it is a wonder/ui little
set. I sbould like to add one stage of additional audio
amplification to it, and sbould appreciafe your sbowing 111e
;ust bow it is done. I should like to use filament control
;acks, as one of this type is already in the single fabe set.
R. 0 . 0 ., New York City.

T

HE accompanying diagram Fig., shows the connec-

tions for addingone stage of exterior, orstraight audiofrequency amplification to the single-tube reflex
set. Filament control jacks, of the most easily obtainable
type, have been indicated, bu t readers not possessing jacks
of this design may use any other type that will accomplish
the same thing. The reader ha ving any doubt concerning

the connections for the particular type of jack which he
finds it necessary to employ, is advised to read the article
on "Jacks and How to Use Them" appearing in the April
RADIO BROADCAST. Of course, straight double-circuit
non-filament-contrcl jacks may be used if desired, the
filaments being turned off by a switch, if a balance resistance sucb as the "Amperite" is used, or by a rheostat,
which acts as a switch when in the "off" position.
Observant readers may notice that the positions of the
telephone receivers and the "B" battery have been reversed. The reason for this is explained in the amplification article in the July RADIO 8ROADCAST, which readers
desiring to add amplification to any set, will find it worth
while reading. The diagram is otherwise quite selfexplanatory. Any well known and reliable amplifying
transformer can be used. This one additional stage will
probably be all that will ever be desired on this r ~markable
little set.

FIG.

One stage of audio added to the one-tube reflex set.

Note the posu,on of telephones and "B " batteries
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the plansworked out by Mr. Kenneth Harkness,
substituting spiderweb coils for the conventional layer windings in the original apparatus.
Tl 11S CLEVER SCI IEME
1t is likely that the spider-web inductances are
E\ .OLVED BY MR. C. 11. BRO\\'N
slightly more efficient. No. 28 enameled wire
was used, all windings being made with the
Is one of several possible methods
same number of turns as specified in the Noof providing the inductances where the
vember article, which any one considering such
a set is advised to read. The primaries are also
2%" tubing specified in the preceding
wound over the secondaries. 3~-inch to 4articles is difficult to procure. Another
inch winding farms made from pasteboard, thin
satisfactory method is the use of two
wood, or fibre are about the correct size; the
6o-turn honeycomb, duo-lateral or
winding starts ¾-inch from the center. Any
Remler coils for the secondaries of T 1
odd number of segments or slits in the spiderand T2. The primaries are then
web farms may be used. Between ten and
wound on the outside edge of the secthirty are the most common and convenient.
ondaries. The primaries should be
Mr. Brown has also replaced the fixed rewound in the same dire_ction as the
sistance with a standard filament rheostat, a
:,econdaries.
change of which this department approves.
The rheostat is connected in the identical position of the fixed resistance.
The crystal detector used in Mr. Harkness'
set has not, at this writing, been placed on the
SPI DER WEBS AND THE ONE-TUBE
American market, but the builder of this neat
REFLEX
set found an efficient substitute. Any good
HE photographs in Figs. 6 and 7 show crystal detector may be used in place of the
a single-tube reflex set made after the French arrangement mentioned in the original
complete instructions given in the Novem- write-up. A permanent crystal is now on the
ber, 1923, issue of RADIO BROADCAST. The market, which needs no adjustment, and so reapparatus was constructed by Mr. C. H. duces by one the controls that must be manipulBrown, and we are sure our readers will agree ated.
The set illustrated in Figs. 6 and 7 is particuwith this department that he made an excellent
larly
interesting because of these deviations
job of it.
Mr. Brown, however, departed slightly from from the original described in the November
issue. 1t is an excellem
example of what we have
been endeavoring to impress
upon our readers, that considerable variation is allowable (unless specifically
warned a~ainst ) in making
up radio apparatus. 1ndeed,
it is seldom desirable to follow directions to the letter,
for such a procedure is
obviously antagonistic to
progress. One tube will generally work as well in a particularcircuitaswillanother,
as long as the correct voltages, resistances, etc., are
used. lf you do not possess
a certain make of audiofrequency transformer specified by one builder, use what
Mr. Brown's neat reflex

T
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marked as "G," "F," "P"
and the plus sign,
or i1t
another equally obviou;;
manner. However, in a few
cases, the reader may be left
in doubt. 1n the case of a
single-Iayer primary and
single-layer secondary radio
transformer, such as is found
in the neutrodyne circuit,
the coils are always wound
in the same direction. Then
if the start of the primary
is led to the plate, the start
of the secondary must run
to the grid. 1n the case of
audio transformers, the outside leads from primary and
secondary run to the plate
and grid respectively. 1t is
generally a simpte matter to
determine the outside leads
by noting how far from the
core they enter thewindings.
the spider-web coils
In reflex sets the grid
terminals and the plate
terminals must always run to those two elements of the tube, either directly or through
the windings of another transformer. The
windings must always be "pointed" or heading
in the right direction. · For instance, the grid
connection from an R. F. transformer wil! go
to the grid, as it should, while the filament end
of the secondary winding wil! run to the grid
connection of the audio transformer. Thus the
filament connection of the R. F. transformer
finally reaches the filament, after running
through the secondary of the audio transformer,
white the grid connection of this latter transformer reaches the grid by running through
the secondary of the radio transformer.

+,

FIG.

7

The "works" of Mr. Brown's one tube reflex set.

Note

you have or can obtain, always, of course, confining yourself to good apparatus. Mr. Brown
uses an Acme transformer; this laboratory has
used the Amertran and Pacent with equally
good results. If a set calls fora straight coil of
wire, but you have (or prefer) a honeycomb,
bank-winding, or spider-web, use it. Thechances
are it will work as well as, or even better than
the inductance specified.
A radio set is of infinitely more value and
pride to the owner, when it is, in part at least,
a tribute to his own originality and thought.

TRANSFORMERS AND REFLEX SETS

W

1TH the stir that reflex sets are making in
radio circles, a word as to the proper series connections between radio- and audio-frequency transformers is quite appropriate, and
will, perhaps, clear up some of the difficulties
under which many of our readers seem to be
la boring.
There are, of course, certain ends of both
radio and audio transformer windings which
should connect to the grid and plate, with the
remaining terminals of the secondary and
primary going respectively to the filament and
plus (positive) side of the B battery. In the
majority of cases, these terminals wil! be found

HO\V TO CON1 ECT \\'I IICI I Et D
OF A TRANSFORMER TO WHAT
The successful operation of reflex
receivers depends to a great extent upon the direction in which the current
passes through the various circuits.
The explanation given above tell s you
the reason a simpte reversal of the
leads from a single transformer may
mean the difference between a dead
and a very live receiver.

T he " lab" depa rtmcnt has been inaugurated by R ADIO BROADCAST in order that its readers may
benefit from the ma ny cxperiments which a re necessarily ca rried on by the makers of this magazine in
their endeavor to pu blis h only "fact art icles" backed by their personal observations.

LOO K BEFORE YOU LEAP
We have carried on a lot of experimental work with the Sodion tube. The a rticle describing one use for it, published he re is based upon this experimental wo rk.
At present, the number of Sodion tubes a vail able is limited a nd befo re beginning
the construction of this receive r we suggest that our readers be certa in of their
Sodion tu be supply.

THE SODION TUBE AND OUR "KNOCK-OUT " REFLEX

N

O C IRCUIT ever publi shed by
RADIO
BROADCAST has a rou sed
such interest among its readers a s
the one-tube reflex set ori ginally
described in the November number. Stimula ted by suggestions from the hund reds of reade rs who ha ve written to us
concernin g this circuit, and by our own enthusiasm fo r this remarka ble little set , this department has not given it up as devoid of further
improvement and research. The use of the
Ballantine Varioformer, in place of the homewound T2, described in the J anuary Lab, and
the reflex plus two stages of audio amplification,
in our Fe bruary number, a re the result of our
continued investigation. And now we have
some more good news.

DET ECTION AN D R EF LEX CIRCU-ITS

T

H E problem of detection in re fl ex ci rcuit:,
is one of the most serious involved in the
design of such appa ratus. As we have had
occasion t o st ate before, the three-element
vacuum tube with its oscilla ting proclivi t ie-;,
complicates a reflex circuit to such a n extent
as to rende r thi s form of detection undesira ble.
T his has left the crystal as the most satisfactory
detectin g medium , and the one which has been
used , almost a ltogether, in comme rcial types
of reflex appara tus.
The Sodion tube, howeve r, being a sta bie a nd
non-oscillating detector, will immediately suggest itself to the reflex experimenter a s a detector. The R. B. Lab experienced little
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difficulty in adapting this new tube to the erstwhile single-tube reflex.
The Sodion detecting circuit is a simple one,
and it was illustrated fundamentally in the
Lab department for last month. The input
and output circuits are similar to those of the
standard tube, and Fig. 1 shows the manner
in which the Sodion bulb is substituted for the
crystal detector.
The output of the R.F. tube is impressed ,
through the transformer T2, on to the collector circuit (C), (analogous to a grid circuit
in a regular tube), of the Sodion tube. The output of the Sodion tube, like that of the usual
audion, is a varying plate current, and this is
sent through the primary of the reflex audio
transformer.
The final amplified output,
through the telephone receivers, is taken, as
usual, from the plate circuit of the first and
conventional bulb.
T1 and T2 are wound on 2~ inch tubes, the
secondaries being wotmd first, with the primar-
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ies on top of them, an insulating layer of
paper being placed betweeri. The secondary
of Tt consists of sixty tums of wire, and that of
T2, of forty turns. The primary of T1 has
sixteen turns, and that of T2 thirty-six turns.
C I is a 17-plate variable condenser, and C2 a
43-plate condenser. T3 is any good make of
audio amplifying transformer with a ratio of
about four or five to one-such as the Pacent
or Amertran.
The critica! reader will observe that the
specifications for T2 and C2 differ somewhat
from those described in the November RADIO
BROADCAST for the original crystal set. These
changes have been made in consideration of
certain characteristics of the Sodion tube (as
outlined in this department last month). The
Sodion tube works best , and is most selective,
when the input has comparatively few turns of
wire, the required wave range being secured by
boosting with a high capacity condenser. For
this reason, the Sodion detecting circuit is not
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FIG. 1

The "knock-out " reflex circuit with the Sod ion tube for detector
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resistance casts $1.00, and the fixed
unit $.30.
R3 and f¼ are rheostats, and, if
the set is made up especially for the
Sodion tube, it is suggested that they
be of thirty ohms resistance each.
This will make possible the correct
filament voltages, on each tube, from a
common filament sou rce.
The plate potential for the Sodion
Tube is 22.5 volts.
The Sodion tube can, of .::ourse, be
applied to any reflex circuit as described above. The principle of the low
input impedance should merely be
carried in mind, and some form of a
variocoupler, with a varia bie condenser
across the secondary, substituted for
the final output R. F. transformer.
ADDING THE SODION TUBE TO THE OLD
CRYSTAL REFLEX SET
The original reflex set plus the Sodion tube. Note the two
small knobs, rheostat, and potentiometer, in the upper center

F YOU have built up a set according
to original description which appeared in November, the Sodion tube detector
r,tay be added to it in accordance with the circuit of Fig. 1, and as shown in Figs. 2, and 3,

I

well adapted to the reflex set with the Ballantine Varioformer (where no C2 capacity is used
at all) as described in the January RADIO
BROADCAST. lt will, however, work sufficiently well
with the windings and capacity described in November, to justify the change
from crystal to the Sodion
tube, if the experimenter
cares to alter slightly his set
already made. Directions
for doing this will be given
a little later on.
Returning to Fig. 1: R 1
and R2 may be a single resistance, a standard potentiometer of about three
hundred and fifty ohms.
But, as the required variation of resistance is generally confined to a comparatively small ohmage on
the negative s ide of the
potentiometer, the Connecticut Telephone and Electric Company, Meriden,
Connecticut, has designed
two resistances, a variable
FIG. 3
and a fixed one, respectively
Showing the back of panel work necessary to
R1 and R2. The variable
adapt the Sodion tube to the single tube reflex
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1n this case, the reader is advised to buy not
merelytheConnecticut Company's potentiometer units but also theirSodion filament rheostat.
These resistances are most easily mounted in
the remaining free space on the panel, and they
are uniform in appearan<;e. The socket of the
Sodion tube is mounted on the shelf holding the
standard tube, placing it close up to the panel.
The only necessary circuit changes are those
connections to the secondary of T2 and to the
primary of T3. An additional binding post
may be added for the 22.5-volt tap for the
Sodion tube. The crystal detector is, of
course, completely eliminated from the circuit.
FIXED CRYSTALS AND THE ONE-TUBE REFLEX

T

HE use of the Sodion tube, as described in
the preceding article, by no means makes
obsolete the crystal detector in this circuit.
There are many to whom the simplicity and
economy of crystal detection will continue to
appeal, in fact we use it with great regularity
and satisfaction. Readers in this category,
who may at present be experiencing difficulty
with crystal detection,
should not resort to the
Sodion tube before
thoroughly examining
the possibilities of their
present system .

Ninety per cent. of the troubles which have
bothered the comparatively few interested
enthusiasts who have not been able to make
this set function properly, have been due to
faulty crystal detection. The symptoms of
such troubles are as follows:
Oscillation, as evidenced by the reception of
a variable beat-note of the transmitting radiophone.
Squealing.
Equal or better detection when the catwhisker of the detector is lifted from the crystal.
These difficulties may be instantly and permanently remedied by the use of an efficient
fixed crystal, such as the Erla, manufactured
by the Electrical Research Laboratories, 2515
Michigan Avenue, Chicago, lil., and the
Pyratek, made by the Erisman Laboratories,
Washington l leights Building, New York City.
These fixed crystals will be supplied by the
manufacturers, if the reader is unable to obtain them from a local dealer, for $1.00 and
S1 .25 respectively.

..
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FIG. 4

The ideal automobile radio equipment

FRONT V I EW OF THE COM PLETED SET

This outfit can be built for less than $50, uses a 201-A an<l UV- 199
tube, is surprisingly efficient in operation and easy to build

A Knock-Out Two-Tube Set
Combining the Advantages of Tuned Radio-Frequency Amplification,
Audio-Frequency Amplification, the Neutrodyne Principle, Regeneration, and Reflexing and Loud Speaker Operation- All Without Radiation

By WALTER VAN B. ROBERTS
The set described cosb Je:,s than ~;o for parts, including tubes and batteries;
is fairly easy to make, and as ~\ r. Roberts says, will equal the performance of
far more elaborate and expensive sets. This set is another of the series built
under the direction of R ,010 BROADCAST, the first of which was the "Knock-Out
One-Tube Reflex," described in our November, 1923 number, which we are printing on page 2 of this booklet.
lf the reader has the rarb and has built the one-tube set described last Novemher, it wi ll cost about il0 more for the a<lditional parts necessary for this set.
\\'e are rushing the information on this set to our readers, and that explains
wh_v we do not show a panel by-out.-THr: EDITOR.

HE circuit to be described is only
one of many possible applications of
the method which is used to obtain
radio-frequency am plification without any tendency toward regeneration. This method is closely related to the
ordinary neutrod_yning system, but has the
advantage that the coupling between primary
and secondary of the radio-frequency transformer may be varied, thus allowing the
maximum possible amplification over a large
range of wavelengths.

T

The method employed by the writer for
overcoming oscillation in the radio-frequency
amplifier consists in winding the prima ry with
a pair of wires, thus forming two separate windings coupled a s tightly together as is ph ysically
possible. One of these windings is used as the
primary in the ordinary fashion. The other one
is used only to prevent regeneration. Fig. 1
shows the arrangement schematically. S is the
secondary, P the primary, and N the neutralizing winding. The capacity C should be exactl y equal to the ca pacity between the grid

i
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and plate of the tube together with the socket Fig. 3 shows a simplification which is very
and leads. Whatever alternating voltage ex- satisfactory for strong signals, especially if
ist s on the plate must be due to alternating great selectivity is not needed. Regeneration
magnetic flux linking P. But the same flux is omitted in the simplified circuit and all
also links the similar winding N, which is con- couplings are left fixed at a good average value
nected the other way around, and hence, acting so that only the two variable condensers are
through C, produces an effect on the grid used in operating the receiver. Different
which is equa l and opposite to that produced methods of connecting the antenna to the set
by P acting through the grid-plate capacity of are shown in Figs. 2 and 3. The method of
the tube. Thus the net " feed back" or ten- Fig. 3 is simpler but a slight hum is likely to be
dency to regenerate is completely neutralized hea rd if there is alternating current supply in
(the coils P and S bethe house.
ing of course set at
LOW COST AN D HI GH
The ou tst anding features of this circuit :
such an angle with
CO
MPAR A TI VE PE R1 . 1t will run an hour or so a day for several
the coils in the grid
FO RMANCE
months
on
four
dry
cells.
circuit that there is no
2.
1
t
will
operate
a
loud
speaker
well
magnetic feed back)
111 S total cost is
enough for all ordina ry purposes.
whatever sort of secondvery
little com3. 1t does not rad ia te and cause squeals in
ar:v is u sed, bowever
pa red to what most
the neighbors' receiving sets.
loosely it is coupled ,
sets giving compara4. lt offers a better combination of sensiand bowever il is tzm ed .
ble results would come
tivity, selectivity, and quality fo r th e
1fa transformer has
to after all batteries
total cost than any ot her circuit the writer
a tuned secondary of
has ever used.
and tube s are inlo w re s i s tanc e, the
cluded. To keep down
coupling between prithe cost and to make
mary and secondary should be varied with the it easier to bui Id, the set is laid out on a flat
wavelength in order to keep the amplification board 2 feet by I foot. There is room for
a t its maximum value. Practically, however, it interesting experimental work in arranging
will be found suflîcient to ha ve two or three this set behind a pa nel , a nd ma king the laydiffe rent degrees of coupling-for instance, out very compact. Results were more imprimary a nd seconda ry as close together as portant at first than symmetry of construction.
possible for the long wave range, and a bout
W IND ING T H E COILS
one inch a pa rt fo r the short wave range.
Oi LS A, S, , P, and T (the tickler) are
USING R EGENE RATI ON I NTE LLI GENTLY
all wound on the same size cardboard
F A tra nsformer has a tuned seconda ry, the spiderweb coil form s. These are 5 inches outer
lower the resista nce of the seconda ry is, the diameter a nd have , 3 t eeth each 1 / 16 inches
greater the voltage amplification will be, and long. Coils A, S, and T are all wound with
the looser the best value of coupling. T he No. 22 wire, going over two teeth, then under
easiest way to obta in a very low effective re- two, et c. T here are 30 turns on A, a small loop
sistance is to employ regene ration in the tube to being twisted in the wire at every fifth turns
which the seconda ry is connected. The use of
regenera tion in this way will help most when
the secondary is loosely coupled to its primary,
and the set is the n much more selective. By
making this tube oscilla te, signals are easily
picked up by the squeals- the reason that the
set is non-radiating is that if the capacity C
of Fig. 1 is adjusted just right and there is n o
s
magnetic feed-back to the antenna, then no
oscillations can get back from the oscilla ting
1-J G. 1
tube through the amplify ing tube to the an- Fundamental circuit of the method of winding the radiotenna. The neighbors, bless 'em, won't hear frequency tra nsform er for this set. N is the primary
neutralizing winding a nd C the neutralizing· ca pacity to
any squeals.
bala nce the effect of the ca pacity between t he grid a nd
Fig. 2 shows the complete circuit, white
plate of the tube
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FIG. 2

T he complete circuit ot the Knock-Out Two Tube Set. This circuit
is recommcnded over the sim plified arrangement shown in Fig. 3

The insulation is scraped off these loops and
contact is made by a voltmeter clip. S has 45
turns. Both of the coils "S" should be connected so that the lead from the inner turn goes
to the grid. T should have 20 turns, or even
less if oscillations occur too easily.
The tickler must of course be connected the
right way around t o get oscillations at all,
and this is most easily discovered by experiment. Windings
and P are wound simultaneously on the same spider web form by winding with a pair of No. 26 wirès, treating the
pair exactly like one wire. 1n this case wind
over one tooth, then under one tooth etc., going
around 22 times. There are then two sepa rate
windings each of 22 turns. Connect the outer
terminal of one of these windings to t~e inner
terminal of the other.
The remaining pair of terminals go to the
plate and to the capacity C and it makes no
difference which goes to which. This self
balancing primary of the three winding transformer is the novel feature of the receiver and
to it is undoubtedly due the improvemenf over
simila r reflex circuits using other types of
radio frequency transformers. The photograph shows how magnetic coupling between
coils A and S at one end of the board a nd coils
, P, S, and T at the other end is avoided
by setting them at right angles. The tickler
is mounted on the end of a strip of wood that
can be slid in and out between a pair of narrow
guide strips. The coil containing windings
N and Pis not a rranged to slide, but by loosen-

ing up the single screw that fixes its position,
it can be set up close to coil S or backed away
about an inch and a half. The same arrangement is used for coil A. Both of the coils S
are fixed in position.
USI NG T HE NEUTRA LIZER

T

HE capacity C shown in the photog raph
consists of two pieces of copper about the
size of a penny separated by a sheet of mica.
A piece of paper would do just as well, as the
only purpose of the material between the pieces
of copper is to prevent their touching, which
would short circuit the B battery. Adjustment can then be made by sliding one piece of
copper sideways. Another way of getting the
capacity C is to have a couple of inches of bus
bar stick out from the grid terminal, and slide a
piece of spaghetti over it, the spaghetti being
wrapped around on the outside wi th the wire
coming from the neutralizing wi ndin g. The
best way, however, to obtain the capacity C
is to buy a little one-plate variable condenser,
the plate being about 1 ~ or 2 inches in diameter.
The capacity C has to be considerably greater
than in the usual neutrod yne a rrangement.
The adjustment of this capacity to exactly the
correct value is of great importance for two
reasons. First, to make the set non-radiating,
a nd secondly, to make the operation of the two
tuning condensers completely independent of
each other. The ordinary way of getting the
proper balance with the filament of the first
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tube unlighted is impossible because the phones
are in its plate circuit.
A simpler way is to make the second tube
oscillate by pushing the tickler coil up, then
pick up the carrier wave of some transmitting
station by the squeal, and then adjust the
capacity C. When the correct adjustment is
obtained, it will be found that varying the
setting of the a nten na circuit condenser will not
affect the pitch of the squeal from the carrier
wave, but on ly its intensity. This proves that
the an tenna circuit is not coupled in any way to
the oscilla ting circuit, and hence no oscillations
can be produced in the antenna.
If the non-regenerative circuit of Fig. 3 is
used, the adjustment of capacity C is even
simpler- it is merely varied until a value is
found such that the set cannot be made to
squeal by any combination of settings of the
two tunin g condensers. 1t should be noted
that too much neutralizing capacity will cause
regeneration just as readil y as too little.
GENERAL NOTES

N A Y given set, it is advisable for the user
to try connecting the grid return of the detector tube to the+ side of the filament. This
sometimes gives better results. Also, the
best value of the voltage for the B battery
should be found by experiment, although 22~
volts will usually do about as well as any.

I
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A NEUTRALIZ I NG CONDENSER

\\ hich may be used in place of the two
penny-size pieces of copper suggested for
the neutralizing capacity for the first tube

A good long antenna of low resistance is of
much more importance in this set than in an
ordinary regenerative set, because the resistance of the anten na circuit is not wiped out by
regeneration . The ground lead should be
firml y clamped or well soldered, and the antenna wire made of copper.
WHAT THJS SET HA S DONE

FTER the set is working at its best, the
results should be noticeably better than
can be had from a first class single circuit regenerative receiver with one stage of audio ampli-

A
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THE LABORATORY MODEL

Worked out by Mr. Roberts. \Vith this simple layout , he was able to tune-in Ha,ana on aloud speaker white
Newark was operating, and W JAZ white WJ Z was on the air. His exoerimen ts were conducted at Princeton, N. J.
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A simplificd circuit which may be used. T he number of tuning controls is reduced to the
two variable condensers. But the results obtained from the circuit shown in Fig. 2 are far
superior to these secured from this circu it, although its adjustment is not quite so simple

fication. The selectivitv should be better than
that of a three-circuit · regenerative receiver,
and the tuning easier and less critica!. The
outfit shown in the photograph has been tried
out against two well known makes of neutrodyne and gives about the same resul ts
(only one stage of audio being used in the
neutrodyne sets, of course.) Using a single
wire antenna 150 ft. long and about 20 ft. high

located in Princeton, . J., WJAZ in Chicago
was heard on a Western Electric 10D loud
speaker without any interference from WJZ.
PWX, l la va na , was heard on the loud speaker
while WOR, about 35 miles away, was working.
These stations are too close together in wavelength to be separated completely, but the
selectivity of the set was such that PWX was
only slightl y less loud than WOR.

The parts that have to be bought and the approximate list priccs are as follows:
Two Genera! Radio .0005 mfd. geared condensers (" table mounting") (or other
good condensers) .
$12 .00
One Amertran audio frequency transformer
7.00
One UV 201-A or C-301 -A or DV-2 vacuum tube and socket
5.75
One 6-ohm rheostat.
1.00
One UV-199 or C-299 or DV-1 vacuum tube a nd socket
5. 75
One 6o-ohm rhcostat (or two 30 ohm rheostats in series)
1.00
Two .0025 Micadon condensers
. 70
One .00025 Micadon condenser with clips for grid leak
.45
One 2-megohm grid teak .
.75
One 4~-volt flashlight battery
. 50
Four dry cells
t .6o
90 volts B battery .
7.00
~ïve 5 and 10 Cent Store spider web coil forms (these may be m ade at home without difficulty) .
Screws, wire, wood, etc., about

•

Total .
(Loud Speaker is not listed due to wide variation in prices)

How to Build the Knock-Out TwoTu be Set Behind a- Panel

--

By WALTER VAN B. ROBERTS

lt is worth knowing that this circuit has given excellent satisfaction as to distance, is not
hard to bui Id, and is scnsitive and does not radiale. Mr. Roberts began work on the circuit
last December a nd his original descriptÏ\'C article appeared in RADIO BROADCAST for April.
-THE EDITOR.

N RESPONSE to the demand fora better other set. and never varied. Bath sets work
looking arrangement of the circuit de- about equally well.
scribed by the writer in the April issue of
RADIO BROADCAST, the sets shown in the H0W TO BUILD THE SET WITH HOME MADE C0ILS
photographs have been built. and work
OLLOWlNG are instructions for building
about as well as the original arrangement.
the set using home made coils: Fig. 4
For one set the coil werc wound on five and shows how to drill the panel. In case it is
ten cent store spider web forms, and a five necessary to use other makes of parts than
and ten cent store brass arm was used to those specified, drill only the holes for their
operate the tickler coil. The other set makes shafts according to Fig. 4, a nd then drill holes
use of coils built especially for this use by the for their supporting screws wherever necessary.
Turney Laboratories,
A baseboard ½ inch
and can be wired so as
thick with cleats ~
These parts are needed:
to appear somewhat
inch thick is u sed.
I/ the set is enlirely home built.
neater. lt has adFig. 3 shows the po2 Genera! Radio (or equivalent) .0005 mfd. conjustable coupling besitions of parts on
densers.
tween coils P and S
top of the baseboard,
.005 mfd. micadon
of the circuit diagram
.0025 mfd . micadon
together with the ap2 25~hm Cutler-Hammer resistance st rips
proximate a rran geof Fig. 1. This feaAmertran audio-freq uency a mplifying transture allows maximum
ment of some of the
former
6--ohm rheostat
efficiency o ver the
wmng. The rest of
UV--20 1-A socket
whole wave 1en g t h
the wiring is easily
UV-199 socket
done by referring to
range, but it is recomGrid condenser with grid leak clips; .00025 mfd .
condenser, grid leak, 3 megoh ms
the circuit diagram of
mended that only two
bus bar (neutralizing capacity "C")
Fig. 1. Coil A, the
or three values of this
bus bar for connect ions
antenna coil, is mostly
coupling be used. Vaspaghetti
binding posts
hidden in the photoriation of this coupling
panel, formica or bakelite
graph. 1ts inner lead
changes the condenser
wood sub-base
contact points
goes to the antenna
sett in gs . For long
switc h lever
binding post , which
waves, say 450 to 6oo,
3 coils (3 ten cent store spider web forms, wire,
is the upper left hand
have Pand S about
about No. 26 B & S)
one when the panel is
~ inch apart, for the
Ij the set uses purcbased coilslooked at from the
range 300 to 450 have
same as above, excepl parts for the coils are omitted.
Turney Laboratories coils and mountings.
front. The g round
them, say 30 degrees
bindin g post, which
apart, and for very
Bccause of the grcat va riation in price of
is
just beneath, cons h ort waves, have
these va rious parts, no price estimate is given.
nect s to the rotating
them full y separated.
r\ny piccc of apparatus which will do the same
con tact arm. The
They can of course, be
work as a special one mentioned in the article
may be substitu ted for it.
left contact point
left at some compro(viewed from the front
mise position, as in the

I
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The Roberts circuit. Revised as origmally printed last month. Several changes have been
made. A 3- instead of a 4½-volt C battèry is used, a .005 mfd. condenser is added in series
with winding N, and in the grîd return of the UV-19<J is made through the - filament

of the panel) is connected to coil A one turn
from the inner lead. The next contact point
connects to the second turn. Point No. 3 goes
to turn No. 5. Point No. 4 to turn No. 10.
Point No. 5 to turn No. 20. Point No. 6 to
turn No. 30. Point o. 7 to turn o. 40, which
is the outer lead from the coil. Coil A is
wound of No. 22 d.c.c. wire, winding over two
teeth, then under two teeth, etc.
Coils S, one of which hides A in the photograph, are wound in a si milar fashion, and with
the same kind of wire, but there are 44 ~urns

c-Ó

and no taps. The separation between coils A
and S should be ¼ to ½ inch between centers.
They are set slightly askew so that they "aim"
at the centers of the coils at theother end of the
board.
Coil T, the tickler, is the coil mounted on the
rotating arm, and has about 18 tums of any
kind of magnet wire wound any way. (lf oscillations occur before the tickler is turned
down somewhere near the other coils, there are
too many turns on it. lf oscillations do not
occu r when turned well down toward the other

..

FIG . 2

The home made set behind a panel.

As can be seen, the const1uction is quîte sîmple
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FIG.

Behind the scenes of the Roberts circuit using the manufactu red coils

at the middle, wil\ be about correct. Never
remove the 201-A tube from its socket while
the filament of the UV-199 is lighted, as this will
increase the current through the 199. Connect
the outer lead of the coil S which is coupled to
coil A, to the grid of the 201 - A tube, but the
inner lead of the other S coil to the grid of the
199. The stationary plates of the condensers
are the ones that are connected to the grids in
both cases as is indicated by the diagram. lf
the rotating arm on which the tickler is
mounted happens to be bent the wrong way,
saw it off and solder t ogether the other way
around . Be sure that the terminal marked P
on the primary of the Amertran is connected
to the tickler, not to the B battery terminal.
lf some other make of transformer is used, try

coils, the tickler is probably connected backward.)
The coil containing the wiadings N and P is
the one lying flat on the baseboard. Coil S
is screwed down on top of it, and separated
about ½inch by a piece of wood with a hole for
the screw to go through. N and P are each
20 turns, being wound both at once by simply
using a pair of wires instead of a single wire to
wind with. Wind over one tooth, then under
one, and so on. Use wires no larger than No.
26, preferably of different colors so that no mistake wil\ be made in connecting up.
The sliding contacts on the two Cutter-Hammer 25 ohm resistance strips should be set so
that there are about 35 ohms altogether. One
slider at the end (about 20 ohms) and the other

...,

~·._,,

'.-- l

1

- - - - . 3 1 / , - + -- ---'----~

•1,,·"01

~·- ---

41

41
r_jJ

1------ -- - -- + - - - - -- - -16-- -- -- - - - ·-------:::r.i
-'-+

Z -

±"'

--L..----

~"

'"

F IG.

Panel layout for the home built set
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The panel with manufactu1ed coils is three inches longer

:
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long. Coils A and S are
mounted 2 inches from
the panel and parallel to
it. The circuit is the
same as in the other case,
although the wiring is
slightly altered to suit the
different arrangement of
parts.
1n both sets, Genera!
1-'IG. 5
Radio .0005 mfd. conFront view of set using manufactured coils. The eAperimenter
has plenty of leeway in building his own set of this type
densers with slow motion
gearing are used. The
connecting its primary both ways to see which rheostat 1s 6 ohms. The 20 1- A socket is
works right. In connecting windings and P, a Paragon, while for the 199 tube, either Parafirst connect the outside lead of one to the in- gon , Genera! Radio, or Radio Corporation
side lead of the other. Be sure not to simply sockets are recommended. Binding posts,
connect the outside lead of one to its own inner contact points and panel, can be got at the five
lead.
a nd ten cent store.
The neutralizing capacity, C, is easily made
To get an idea of what performance to expect,
by leaving two inches of bus bar projecting the following is of interest: WGY is received
from the grid terminal of the 201- A tube. This quite satisfactorily on the loud speaker in
is covered with spaghetti. A brass tube con- Princeton, N. J. at any time of day, and KOKA
nected to the free end of winding N is then can be heard faintly. At night KHJ is barely
slipped over the spaghetti, fitting snugly. audible on the !oud speaker, while KGO is
(Bare wire wrapped tightly around the spa- almost !oud, and can be separated perfectly
ghetti will do instead of the tube.)
from WLW, whose wavelength is only I per
See the article in the April RADIO BROADCAST cent . different. (The respective settings of
for directions for adjusting the capacity C, and these two stations on the set using the home
for the theory of the operation of the set.
made coils are 23 and 22½.)
The ori ginal set described in the April RADIO
THE SET WITH PURCHASED COJLS
BROADCAST is now being used by Dr. L. A.
HE set using the Turney coils was built on Turner of the Dept . of Physics, Princeton
a 21-inch panel to make it less crowded . University, who has heard KGO on the !oud
The baseboard , however, is onl y 16 inches speaker, using an indoor anten na!

T

THE RESULT OF CAREFUL WORKMANSHIP

Front view of the reflex set described below

E

A "Knock-Out" 3-Tube Set
A "How To Make It" Article
By ZEH BOUCK

VER since the publication in the
November RADIO BROADCAST of the
"knock-out" one-tube set developed by Mr. Kenneth l larkness,
enthusiastic readers, sensing the
possiblities of further amplification, have clamored for the addition of two audio stages.
Many have added a single stage successfully, as
suggested in this magazine. However, the addition of the ultimate second external step has
been made impossible by howling, on which
the usual remedies of grid biasing, the Iowering
of plate voltage, the mounting of transformers
at right angles, and the use of separate A
and B batteries have had little or no effect.
These are methods of stabilization which are
ordinarily effective in the correction of magnetic feed-back, that is, the interlocking of
magnetic fields, resulting in undesirable induced effects.
lnvestigation in the RADIO BROADCAST laboratories showed that the feed-back in the case
under discussion was almost entirely capacitacive-capacity between the exterior amplifier
and the reflex part of the circuit through ex-

ternal objects, such as the operator, near-by
electric wiring, etc. When the phones were
used on the last or second stage, the receiver squealed loudly when the tuning dials
were approached but the squealing ceased
the moment the operator was grounded.
Shielding will probably suggest itself immediately to the prospective builder as tJ,e obvious solution, but, in many cases, it will be
only partially corrective. Perhaps, if the complete set were boxed and paneled in metal,
the howling tendency would be totally eliminated, but this, as experiments have shown,
tends to lessen the rectifying effect of the detector-probably through capacitative bypass.
The solution oî the problem was found in
the RADIO BROADCAST laboratory, by localizing
the difficulty, and applying what is probably
the effect of shielding, to the localized area.
The grid of the second tube (the first external
amplifier) appeared to be the crux of the situation, and a small condenser, C2, connected
between this grid and the ground, wmpletely
;ind definitelv eliminated the howling. In
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FIG. 1

The "Fundamental Circuit." Build your set with this as a basis if you do not care to follow explicitly the instructions
given by the writer, or if you cannot obtain the parts designated. You may use such rheostats, jacks, lransformers, etc.,
as you have on hand and as are within the latitude always allowed the constructor

this particular, and rather unusual connection, there exists also, perhaps, a neutrodyning
effect-the system applied so successfully to
the elimination of capacity phenomena m
radio frequency amplification.
THE CIRCUIT

W

E HAVE drawn up for the benefit of our
readers, two circuits, the fundamental
circuit, Fig. 1, and the specific circuit, Fig.
2. The fundamental circuit, which we shall
first consider, is the basis on which the majority of enthusiasts, who are unable to obtain
the exact instruments used by RADIO BROADCAST in building the set, must work.
T1 and T2 have been described in detail in
the November RADIO BROADCAST, and a very
interesting variation, the use of spider-webs, is
covered in the "R. B. Lab." Department for
this issue. lf a homemade T2 is used, the
tentative condenser, C3 capacity, .0005, wil! be
necessary. lf a Ballantine Varioformer is employed, this condenser is done away with.
The audio transformers, T3, T 4, and T5 may be
any reliable make, such as Acme, Federal,
Amertran, etc., with a ratio of approximately
five to one. The same make or type of transformer need not be used throughout the circuit.
"Det." represents any good crystal detector.
C2 is the anti-capacity condenser, and should
be as small a capacity as is effective. Generally a .0005 Micadon suffices. This condenser,
incidentallyclears up otherobjectionable noises,

and noticeably reduces A. C. induction from
near-by lighting wires (electric lights in the vicinity of the operating table, etc.). In a few
instances, and with some tubes, this condenser
may be unnecessary.
No rheostats are shown in the fundamental
circuit. lf UV-199's are used, and a steady
three-volt source is available, the filament adjustment may be eliminated. lf the builder
desires to use individual rheostats, one for each
tube, they will be connected in the filament circuit at "Y". lf a single rheostat is decided
upon, as is most likely, it should be inserted at
"X ". In all cases of resistances, it will be
noted that the secondaries of the external audio
transformers are brought down to the battery
side of the rheostats. This places a desirable
negative potential on the grids.
No jacks have been indicated. The constructor may use any type he possesses, or can
obtain conveniently, filament contra! or otherwise. Various types of jacks have been pictured and described in the April issue of
RA010 BROADCAST. While jacks are of course
advisable, the set wil! function at all times on
the last amplifying stage.
THE SPECIFIC CIRCUIT

T

HE set as built by RADIO BROADCAST
employed the Tt exactly as described in
the November issue. T2 is a Ballantine Varioformer. T3, T 4, and T5 are Amertran transformers. Standard sockets (De Forest) were

Knock-Out Receivers
used with adaptors for the UV-199's, for which
tubes this particular set was designed. A
single ten-ohm rheostat controls all tubes
through filament lighting jacks of the most
easily obtainable type. C2, the anti-squeal
condenser, is a .0005 Micadon. The detector
is a De Forest stand with a Fada cat-whisker
and arm. Forty-five volts were used on the
plates of the tubes, and four and a half volts
on the filaments.
BUILDING THE SET
UR first experiments with this apparatus
were conducted with the set built up on
a base-board, as shown in Fig. 3. Such
temporary construction is always a good idea,
and is invariably followed by veteran experi. menters. 1t facilitates various tests, and
makes possible the definite designing of the
ultimateapparatus. The base-board measured
sixteen by ten inches, and Fig. 3 shows very
plainly the distribution of the instruments.
1t will be noted that, even in the temporary
installation, wiring has been done with at
least a semblance of care. Neat wiring con.:
sumes a bit more time, but it is worth the extra
trouble. 1n the case of inoperation, it eliminates careless running of le<ids as a possible and
frequent source of difficulty.
Figs. 4 and 5 show the completed set of
so simple design that any one can follow our
instructions. 1t was with simplicity in mind
that RADIO BROADCAST has eliminated all constructional gymnastics, such as shelves, brack-

O
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ets, etc., which of ten strain the ability of the
average fan. Straight base and panel mounting has been adhered to throughout, with
the possible exception of T1, which may be
mounted on a three inch square shelf resting on
top of the reflex audio transformer, if the experimenter is unable to accomplish the feat of
securing it to the variable condenser.
Fig. 6 is a working drawing of the panel.
The comparatively large hole, 1¾ inches in
diameter, passing the Ballantine Varioformer
(which should be of the panel mounting type)
is made by drilling a circle of small holes.
The base (see the insert of Fig. 6) is 13
inches long, six inches wide, and ¾inch thick.
This thickness makes a firm support for the
panel which is fastened to it by three screws,
¾ inch up from the bottom. This, in conjunction with rigid wiring, holds the panel
quite firmly. The base, one inch shorter than
the panel, makes possible the use of a cabinet
with grooved sides into which the panel is slid.
Fahnstock clips have been employed for the
battery connections, and are screwed to the
rear of the base, between the audio transformers as shown in the insert. "A" indicates the
A battery terminals and "B" the high voltage
connections.
CONSTRUCTION HINTS
HE panel should, of course, be drilled ,
grained if desired, and fastened to the
base-board as the first step in construction.
All panel instruments, C1, T1, T2, detector,

T
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FIG. 2

The "Specific Circuit." This is the modification of the fundamen,al circuit used by R"oJO BRo... oc"sT in building the set described
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FIG.

3

The temporary set, built up on a base-board, where it was completely tested, and when it was proved salisfaclory it
was properly wired on the panel, as seen in Fig. 4

rheostat and jacks, and antenna and ground
binding-posts, are next mounted, along with
the sockets and T3 on the base. The positive
filament connections on the sockets are wired
with a single straight piece of bus-bar wire, and

Rear view of the completed set.

the connections of the reflex or tuning circuit
are made complete. T 4 is next mounted,
along with the Fahnstock clips, two on each
side. All filament control connections are now
made, as well as those to transforrner T 4.

FIG. 4
Note the neat w1ring, and the partial shieldini;
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Allowance in wiring the jacks must be made for
the position of T5, which is the last instrument mounted and wired. It is suggested that
wiring be done with bus-bar or hard-drawn copper wire, avoiding all types of insulation. Wiring, for the sake of neatness and efficiency,

>

should be run straight and with right angles,
and, needless to emphasize, all joiRts soldered.
Shielding may be used, and in some cases it
may eliminate the necessity for the anticapacity condenser, C2. However, it is suggested that the shielding be localized, and onl y
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Showing arrangement of units on the base

that one third portion of the panel on which
the tuning elements are mounted be protected
in this way. The shield is connected to the case
of the Ballantine Vario transformer under the
damp which holds both the transformer and
the shielding in place. The shielding is not
grounded .
RESULTS

T

HE set, as shown in Figure 4, is the best
dry cell equipment that ever has been
brought to the attention of the writer. 1t is

remarkably sensitive, and will bring in distant
stations on the !oud-speaker. During comparative tests in New York City, Chicago was
received on this little set, with greater intensity
than on one of the most efficient regenerative
receivers made. The regenerative set was
using storage battery tubes, detector, and two
steps, with one hundred and thirty volts on the
plates of the amplifying tubes. The reflex set
employed the same number of UV-199's, with
a plate voltage of forty-ftve.
The second stage of external amplification
is never necessary for !oud-speaker reception of
local signals, and, in the case of the UY-199,
which is limited in the amount of power it can
handle, will give only a slight additional amplification, and will probably distort signals.
The possibilities of this remarkable little
set as a portable receiver need no delineation.
1ts senstivity is such that it will opera te on
the most makeshift of antennas, such as 125
feet of wire thrown over the limb of a tree (a
good grou.nd, bowever, must be used), and the
necessary batteries add but little to the bulk
and weight.

A Gallery of Finished Products
Some Photographs of Various Three-Tube Sets of the KnockOut Series Built in the Laboratories of RADIO BROADCAST

In order to give our readers some idea or the possible va riation in actual details or which they
may avail themselves we have built a number or three-tube, "knock-out" sets-each somewhat
different in design but or just about the same over-all reliability. Our effort was directed
towa rd a simplification or the design to enable the usc or whatever material the constructor
happened to have on hand or could secure mo,t easily . All the parts used in these receivers
are or standard manufactun:.

TO CONSERVE SPACE
\\ e have found the layout shown here vcry satisfactory A va rio-transformer is used in the R. F. circuit, and the
vernier dial on the antenna tuning inductance is a reature worthy or notice. A single rheostat regulates all three
tubes and automatic filament con trol jacks are used . There are bul two tuning adjustments and the receiver is very
easy to operate. The appearance is improved by the rheostat and the nickel markers encircling each jack. The cabine! is or imitation leather. This receiver was built by the editor or RADIO 8ROADCAST. The kitchen table was the
work bench and ordinary tools were used

.:
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FROM T H E TOP

l here is nol much room

spare, bul the wiring is not too complicateJ. The assembly is made on the base-board and panel
a t the same time. rhe hase-board is made the size of the inside bottom of the cabine!. The antenna inductance is he ld
in place by a ba kelite strip which also carries the fixed crystal detector a nd binding posts for antenna and ground. Standa rJ sockets have been used so tha t any tubes wil! operate in this receiver. Cushion sockets a re, of course, preferahle
10

THIS STANDARD

7_ X 18 PANEL LAYOUT

Is particularly attractive to the builder who would rather use wired units than do all the wiring himself. T he R .F. transformer a nd aerial tuning transformer used in this arra ngement a re similar to those described in the first a rticle of t his
series, but the variable condensers used with them are of lower capacity (.00029 mfd. maximum.) All the tube sockets,
jacks, transformers, and rheostats are in one unit which is now being ma rketed and the unit is a ttached to the main panel
af ter six hofos have been drilled in it. 1n this model, we have used a n imported crystal detector of unique design though
a ny reliable crystal detector (fixed or ad justable) of domestic ma nufac ture wil! do. A battery switch has been included
for convenience. T he jacks in this case a re not of the filament control type

Knock-Out Receivers
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•
TOP VIEW

Assembly of this receiver is a simple matter as may be seen from this angle. Most of the real work has been done by the
manufacturer of the amplifier unit

BOTTOM VIEW

As.proof of the statement made above examine this photograph

REAR \'IEW

Is this nota creditable looking job fora receiver built at home>

,:

1t is very easy to duplicate
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ANOTHER MODIF ICATION

In thi:; case the antenna and ground posts as welf as those for the loud speaker are on the front panel. Small windows
fitted with metal bezels are provided to permit ventilation; though they are hardly necessary some people like their
appearance

TOP \'IEW

Fora clean-cut wir ing job this a rrangemert c;-n hardly be improHd. The only unit not ,·isihle is the fixed crystal detector \\hich is Ji1~.:tly hi>nc"th the right hancl inductance as shown in the rear \'iew

REAR VIEW

Note the crystal unit under the left hand inductance unit. The Jayout of the equipment is simplified if you compare the
three views of this receiver on this page

Here Area Few of the Hundreds
Of letters from satisfied builders of the one-, two-, and three-tube receivers described in this reprint:
I have constructed the "Knock-Out" reflex set described in your November issue and am very
much pleased with it. It is excellent for DX and, with an additional audio amplifier, I have had
WTAM, Cleveland, on the loud speaker.
Richard Selman,
5908 Mansion PI.,
Woodside, L. l.

..

Having built your one-tube set which was in November RADIO BROADCAST and found that
we could run a Magnavox as )oud as a Victrola with a medium needle. Our antenna was 100 ft.
with a 66,000 volt line on one side and a 2,300 volt on the other side. They were about 30 ft. on
each side, not a hiss, nothing but clear music from these stations: KYW, WGY, KOKA, WOS,
WOC, WMC, WOA W, WDAP, WFAA, and others. We have received all these and others on an
inside antenna 30 feet long.
1 have just finished making the 3-tube set on page 325, Feb. 1924 issue. On the inside antenna
we got KYW and WMC on the magnavox. You could hear them 400 ft. from the house, but some
of the more distant stations were not so good.
I bought 3 copies of the Feb. issue and have only one left. The fans around here not only read
it but eat 1t, I guess; anyway they are gone and one that is left is much used as are all the issues back
for the last year.
Yours till regenerative sets stop squealing,
G. E. Miller,
30 West Milwaukee St.,
J anesville, Wisconsin.
Here is a list of s tations received with a knock-out one-tube set, using a 301-A bulb, the night
of Feb. 9th. 9 P. M. to 2 A. M.:
PWX, WOR. \VTAM. WGY. WOQ, \VTAV, CKAC, WJAZ, WRC, WOAW, WDAP, KYW,
WFAA. WSB, WDAF, CFCN, WGR, WPAL, KFKB, KPO, KFI.
I built 'this set according to plans pûblished in the November RADIO BROADCAST. I use
an adjustable crystal detector, a Bradleystat, and a vernier condenser on transformer T-1. This
set is hard to beat.
A. ]. Hammerle,
1426 C hristy Ave.,
Louisville, Ky.

1 constructed a one-tube reflex receiver as described in RADIO BROADCAST for November,
1923, and will say that it is a " knock-out" as you claim. \Vith a Magnavox !oud speaker I have
been able to get all of the well-known large stations in the South and East, and also Portland, Oregon.
Using phones afone, mos t of these carne in too )oud for comfort. The first night I t ried I got KFI
in California much clearer than I was able to get it on standard 3-tube set at the sa me time. I
just want to teil you how much I appreciate the information you have given in your magazine.
C. P. Carlson,
Department of Science,
Evelieth Public Schools,
Evelieth, 1\1inn.
I have recently built the knock-out one-tube receiYing se t described in your November issue, and
think it was a real scoop for your magazine as hundreds are building this little wonder.
Otto Bank,
908 Edwards Bldg.,
Cincinnati, Ohio
After building the one-tube reflex ki:iock-ou!, 1 had to write and teil you of my appreciation of
its performance. The results are splend1d. Usmg two sets of phones, 1 can hear Texas, Los Angeles,
Detroit, etc., aPd if I use one set I can attach them to a homemade loud speaker and hear KFI
about 10 ft. away quite distinctly. All the stations are tabulated and there is no guesswork as
to what ~tation you might hit ; and trying to find, a new station, by k~owing the wa".ele~gth you
know ju~t about where your dots have to be. ! t s an a ll around fam1ly set as my kid sister can
operate 1t.
H. R. Varcoe,
Brandon, Manitoba

,-
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Myself and other friends have hooked up the one-tube reflex as outlined in your November
issue. Each one of us seems to be getting different results. I got very loud signals from local stations and while I brought in several distant stations there was very little volume and tuning was
not very selective. I could hear KYW, WEAF, and WIP all at the same time. I changed transformers, crystals, and tubes with little or no re,ults and finally reversed the secondary windings
on the audio transformer, putting the grid to ground. This did the trick, bringing in local stations
twice as !oud and enabling me to tune in each station previously mentioned as well as numerous
others. With the additional step of audio I have been able to "loud speak" stations as far west
as Chicago.
A. E. Bradley,
Western Union Telegraph Co.•
169 Congress St..
Boston, Mass.
1 am a regular subscriber to your magazine and have built the one-tube reflex set described in
your November issue. I cannot say that I do not obtain remarkable results. In fact, from Milwaukee, 1 have tuned in Denver, San Antonio, Texas, New Orleans. Atlanta, and New York City,
besides 55 intermediate stations.
Paul Ronayne,
490 40th St.,
Milwaukee, Wisconsin
In appreciation of your article in the November issue describing the one-tube reflex, I thought
1 would let you know my results with same as it happens to be one circuit which justifies the claims
made for it, and you perhaps will be pleased to receive data from outside sources regarding it.
1, in common with many other radio fans, have tried most all of the circuits that appeared in
the last year or so in search of the perfect receiver and have gradually discarded them for one
reason or another. I honestly believe that for an all purpose one-tube receiver this one-tube reflex
is the answer to date. This is not flattery as to the best of my memory this is the first testimonial
I have ever written and only do so in the interest of the "game.' . . . Publish some more data on
this receiver as receivers of this class wilt help the good work along.
W. H. Simonson,
American Lead Burning Co., Ine.,
30 Church St. ,
New York City
I have written you several times about my two-tube reflex outfit which was published by you in
the December issue of RADIO BROADCAST. The set is now working very much to my satisfaction , thanks to you. So far, I have received programs very clear from 35 s tations; some 1,500 miles
distant.
Howard F. Acton, ·
43 Couch St.,
So. Norwalk, Conn.
Am writing to teil you that I built the one-tube set and was so pleased that I added one s tep
of audio as per one of your recent issues. 1t sure is a " knock-out."
Thanking you for putting this circuit before your readers, and assuring you that I am looking
forward for any improvements that you develop and urging you to keep up the good work, 1 remain
Joseph L. Lanz,
:,29 Sixth St.,
Brooklyn, N. Y.
1 received my copy of the April number, purchased the materi al and started out to build the
one-tube reflex Tuesday, the 18th. 1t required three evenings for me to build the set as I wound
my own coils and did the entire job, drilling, soldering and all in my den without disturbing the
other members of the household, which indicates how simple the set is to build.
The set is a wonder. I t is equal to a three tube set I have been using and better than any of
the dozen other one, two. and three tube sets I have tried out. 1t is the most consistent performer
1 have ever seen, considering the cost and size of. the outfit.
Charles F. Fitzgerald ,
2009 Franklin St. , N. E.,
Washington , D. C.
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I think so much of the knock-out witb the two steps of audio that I couldn't resist writing to
you. I have built this little wonder from infancy, beginning with the one-tube reflex, then the one
step, then the two-stepper. At this writing I am listening to Davenport (WOÇ) with &rave fear (?f
waking my little girl sleeping upstairs. I am twelve mtles from Buffalo and 1t comes m so !oud 1t
can be heard 500 ft. away from the house, with doors closed.
Thinking you would ~e int_erested i_n knowing what r~s~lts were being obtained_ by your readers I have written you. I ve tned all kinds of sets but thts 1s the baby for me. W1th the greatest
respect to the RADIO BROADCAST, 1 remain
George St aggers,
Snyder, N. Y.
You may be interested to know that I have made the one-tube reflex as per diagram in RADIO
BROADCAST of November, 1923. lt is by far the best one-tube set I have ever made and have
never heard one to equal it. Last night I picked up KPO, San Francisco, quite plain and did not
consider it very ideal radio weather. It. is no trouble at a ll to get Hastings, Atlanta, Fort Worth,
and stations east of Denver.
Dr. L. A. Badger,
3 18 Van Buren St.,
J amestown, . Y.
1 want particularly to thank you for emphasizing the real merits of the " Knock-Out" circuit.
1'11 not expatiate for that is superfluous. Have built fou r of these sets, each a li ttle better than its
predecessor and with nine sets now in my laboratory in the presence of super-heterody ne, neutrodyne, 6-tube R. F. and others of the best ty pe se ts. I truly think this is the most sattsfactory all
' round se t l've ever built or tried. Thanks to RADIO BROADCAST. You'II detect from the fo regoing that I'm quite an enthusiastic booster fo r you.
Spencer Carleton, M. D.,
101 West 78th St.,
New York City
I am using a one-tube reflex circuit as described in November issue of RADIO BROADCAST and
am getting the most unexpected results. By experimenting with different aerials and grounds and
several crystals, have found the set to be very selective and absolutely noiseless and have secured
great distance and volume with selectivity. Some of the results are as follows:
Have received KFI , Los Angeles fi ve nights in succession understanding every word spoken and
music with extra good volume. On two occasions have been able to use loud spea ker understanding clearly every word about two feet from hom. Have received KHJ, Los Angeles. three ni_ghts
thts week hea ring distinctly every word spoken and music volume good. Have received Mexico C ity,
volume a nd clearness extra good. Have received numerous stations from Denve r eastward, also
Porto Rico and Cuba, (2 stations).
Powerful st ations such as Kansas City, Oklahoma C ity, and stations around . Y. and Chicago
can be distinctly heard over large room through loud speaker.
I am very grateful to RADIO BROADCAST for thi s hookup, for it has surprbed everyone who
has listened to it, even some of the ha rd-boiled old-timers. And has compared favorably in volume to regenerative circui ts using detector and two audio stages a nd greater distance together with
being absolutely noiseless except for statie and spark, and have found that the proper crystal will
eliminate oscillations.
B. R. Linton,
Box 144,
1Japeville, Ga.
The April issue of RADIO BROADCAST is certainly great. I think that it is about t he best
number you have yet put out. Keep it up!
You are to be congratulated on having Mr. Zch Bouck on the staff of RAD IO BROADCAST as
editor of the " Lab" department. The developments on the reflex circuit are practical .and progressing toward something a great deal better than any other such set tha t I know about. lt would be
great if the best points of the knock-out one, two and three tube set you have described could be
combined and utilize the Sodion.
I have heard KGO a t Oakland with my one tube set.
Maynard Knights,
He rkimer, N. Y.
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I have just completed one of the single-tube sets described in the November issue of your magazine. I must say that it is by far the best single tube set I have ever seen. I tested it out last
night and some of the more ctistant stations heard were: WTAJ\1, I ,850 mi les, WH B, 1,300, WJ AZ,
1,500, CFUC, 2,100 miles. Besides these, many more stations were heard. 1 am using a C-301A
tube with 90-volt B battery. My aerial is about 100 ft. long and 20 ft. high and is composed of
one solid copper wire, size 14. 1 have tried many sets and dozens of hookups but this is by far the
best. I consider it as good for DX work as my three-tube regenerative set.
Russell J ayne,
Davenport, Wash.
I have just completed a one-tube reflex which you call the "knock-out" and it works fine. I get
Los Angeles, 400 miles away on the Baldwin "C" !oud speaker. The next thing is to hook up the
two stages of audio on it as given in the last RADIO BROADC~ST.
H. \ . 11. Penniman,
12 Locust St.,
Santa Cr!,IZ, Calif.
I am deeply appreciative of the one-tube reflex set. your contribution to radio and fee! that
the article in November was the finest, most concise and plain it has been my oleasure to read
and try.
W. 11. Engle,
2149 Fargo St.,
Los Angeles, Calif.
I cannot express too much praise for the wonderful Reflex Circuit, which was published in the
November issue of RADIO BROADCAST. I had failed twice before with reflex circuits, one a wellknown circuit, the other a "New Type." The former had seven controls including the rheostat. The
Jatter had five controls.
Thomas J. Cass, Jr.,
450 Maywood Ave.,
Los Angeles, Calif.
Absolutely ignorant of the mysteries of radio I picked your RADIO BROADC•\ST from a
number of publications at a newsstand. From it I successfully made the one-tube reflex following
to the two-stage extra audio amplification. Am watching and hoping for additions to this set
which will make it second to none.
Charles T. Russell,
204 W. Premont St.,
Stockton, Calif.
In the February issue of RADIO BROADCAST your article "A Knock-Out Three-Tube Set" was
of considerable interest to myself and many others in this vicinity. lt is truly a remarkable circuit, this one-tube reflex, and as it becomes better known, 1 predict for it a popularity never enjoyed
by any other hook-up, barring none.
f. Raymond Sharp, Sec'y,
Î'hiladelphia Paper Box Mfrs. Ass'n,
Orexel Bldg.,
•
Philadelphia, Pa.
Your printed article on a one-tube set that's knock-out is a fine specimen of a radio receiving
set. 1t is easy tuning, quiet and clear as a bell. 1t is a peach. I made one from magazine directions over a month ago and have received such stations as KOKA and \VTAJ\1 and all local stations
on the hom. For distance Dali as, Texas, I lastings, Neb r., and Davenport, la., are good for one
tube. Some set!
Albert E. l lawkins,
27 Russell St.,
Evcrett, J\lass.
Have made up many circuits but nrver feit like writing in about thcm until now. The onetube reflex, page 13, November BROADC.\ST certainly is good. l 'm within 100 miles of the extreme southwest corner of the U. S. and within an hour after soldering up had KLX, KPO, KGW,
\VFAA, \VO.\ W , and KOKA. the last named loud and clear enough to get every word. Los Angeles
stations 150 miles away worked a Pathe speaker !oud enough to hear in a small room.
\V. M. Clark,
Coachella Valley,
Coachella, Calif.
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The ldeal Receiver
T IS not likely that we will ever be satisfied with any particular type of receiver. A"
time goes on, and our knowledge of radio circuits increases, long distance reception
with simple receiving devices which tise small batteries and a very small tube, perhaps will be quite general. However, ij we stand by and waitfor such a receiver to be
developed, we u,ill be cheating ourselves of m.uch enjoyment that may now be had very
easily and very cheaply. The receiver described in this booklet and in the blue prints
that accompany it, is the greatest receiver f or home construction that we have ecer seen
-and we've seen and operated almost every type made and used during the last twelve
years.
Walter Van B. Roberts, who designed the two-tube reflex half of the circuit, is in our
estimation, one of America's most practical radio men. lle has a peculiar knack of being able to make practise conform to his theory, rather than make theory conform toa
present development. Bis ttco-tube receiver is undoubtedly the most notable aduance in
receiversfor home constn,ctio,i since the det,elopment of regeneration by Armstrong.

I

an occasional remarkfrorn some of ·t he lfodio JPise that the Roberts circuit
W isE lIEAR
not new because it is merely tuned radio frequency of the neutralized type, regeneration of the non-radiating type, and common audio amplification by the u:ell
known reflex method. This statement is partially truc. Roberts does employ all these
.~ ysterns, but he does more than lhat. lle has succeeded in. u·elding therri into a unit
that is easily con.trolled, built, and O/Jeratecl. T1,is is t11e acrom1)lisl1 ment U'P claim for
him. The receiver produces startfinJt results.
To thi.s truly remarkable circtût, ,l lr. Bre,uwn has addecl a push-pull am1>lifier. The
Jour-tube receiver thus derelopecl is capable of reproducing extremely loud and clear
music arul speech. lt is easy to operate, capable of bringing in stations over ex tremely
long distances. Adde,I to this. it is highly -~electiue arul most economical.
pERllAf'S the RA010 BROADCAST Four-Tube hnock-Out Receiver is not the ideal
receiver, btit tve have hearcl it pull i,r forty-six stations on a lottd speaker tcith tu·o
tubes, using an indoor antennet. On a short arilenna, using Jour tubes in one of the
receivers of this model l1uilt by 1',lr. Bren,wn, u-e hare blasted tl1e diaphraftm of a good
loudspeaker. When wefound a speal.-er te-hielt could carry the output of this set, its
signals teere heardfor more than a qtwrler of a mile. IJ yOlt lmow of a receiver capable
of any better performance, let tts know about it, and it wilt not be lonl( before you tvill
find it clescribed in the pages of RADIO BnoAOCA~T. Vntil then, u-e beliece our FotLr-T,ibe
Knoclc-Out is, as we said before, the best four-ttibe receiver Jor home constructio11
ever proclt1.ced. ft is not ,nerely the best, bnt it is tlu• brqt h_,. n l'er_v J[ood niargin indeed.

Editor,
,:

RAom BnoADCAST

Radio Broadcast' s Knock-Out
Four-Tube Receiver
BY JOHN B. BRENNAN
\\'alter \'an B. Roberts <lid a cons1dcrahlc amount of independent invesligating
LASwithr, car
various circuits and ahout th1: first of this, ear, evolH·d the arrangement which
ha:, g,1im·d unusual popularil, a, the Roberts circuit. That cir..:uit, as most everyone now
:.ecms to know, if wc are to judge In the tenor of the l'tllhusiastic correspondence piling into
the otlice dc1ih, is Sl'nsitive, sclcctive, usl'S a minimum of LUhes fora long range receiver, and
does 110/ radiair. ·1 he cxtraordinan etlicienn of this sct is caused lw its usc of reOexing,
rcgcneration, and proper tuhe-ncut;;dization.' ,\1r. Robcrt s describcd his set in this magazine for April and ,\la). Two construction articles appearcd on the receiver, one h\' /.ch
Bouck · tclling how the cirrnit might be uscd for ver) short-w:nc reccption, and the othcr
h, J. F. Robcrts dcscribing a la~out with thrcc tubes in uur ,\ugföt number. fhc receiver
describcd hcrc is without doubt the best, for the constructur who is looking for results, that
we have l'\Tr sccn. T111 L·u110R.

of t he primar) to the secondar) . one grid bellex circuit, Mr. Walter Van B. comes positive while the other is negative.
Roberts has contributed to radio a i'.aturall) an alternate push and pull action of
receiver of inestimable value and the currents llmving between the plates of the
importance. The claims for this tubes through the primary winding of the outreceiver made by Mr. Roberts have been fully put transformer take-; place. \\'hen the curborne out by the many reports from those who rent is incrcasing in one -.ection of the windings
have lost no time in building it, as well as by the and decreasing in the other it would be exfurther research work conducted by RAD IO pected that the resultant current in the
secondar) would be small. But the natura!
BROADCAST's laboratory.
Combining t he advantageous features of polarities of the two sections oppose each
radio - and audio- frequency amplification other, for the B batten· current nows th rough
through reflexing, regeneration, and neutraliza- the end leads of the coils out through the center
tion, this circuit is particularl} desirable since tap. ll1is causes the two currents induced in
the secondar) to add up, and the maximum
it does not radiate.
However, an attempt is not made here to current is delivered to the !oud speaker as alrepeat the theory of the operat ion of this ei r- ternating current.
In the or<linary tvpe of amplifier the current
cuit as given by Mr. Roberts (RADIO BROADCAST, Apri l and May, 1924), but to suppl) the in the plate circuit i-; pulsating "direct curradio fa n with the data sufficient to enable him rent" with the loud speaker winding in series.
to construct this receiver with the addition of \\'hen a hcav, current is passed through this
circuit the diàphragm does not readily respond
an efficient push-pu ll amplifier.
The ordinary amplifier unit will not consis- to the minute changes of current intensity.
B\ inductiveh coupling a secondary to the
tently operate efficient ly with this receiver unless special corrective features are incorporated priman and rcmoving the !oud speaker conto control the resultant distort ion, howling, or nections to the secondar\' terminals (as in the
push-pull unit). the putsáting direct current is
overloading.
t ransformed toa modulated alternating cu rrent.
The push-pull amplifier unit has been found
1n the pu~h-pull amplifier. we have a primar\'
to supply the desired stability, faithfully amplifying over the average audio-f requencv range delivering energ) to two tubes through a split
secondan·. a C halten· to suppl\' the proper
without d istortion.
\\'hen a signa! is applie<l to the grids of the negative. bias to the g;id~. a split primary dttubes (Fig. 1) by the inductive relation _livering the ,um of the output of the two tube:-

y DEVl:.LOPING his two-tube re-
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FIG. 1
A standard push-pull amplifier circuit. Usually this unit is
used as a second stage but with the Roberts circuit the first
audio stage is reflexed and its output passed into the circuit
shown here. Exceptional volume and tone quality result

in pulsating direct current, and the secondary
delivering alternating current to the loudspeaker. Each one of these features helps in
its own way to prevent the possibilities of distortion and overloading.
The value of the C battery varies with the
value of the B battery used as the following
table shows:
B BATTERY-VOLTAGE-

C BATTERY

8o

to
to
to
to

3.0
4. 5
6.o
9.0

100
120
150

4.5
6.o
9.0
12 0

IL follows, that if the ordinary type of amplifier be added to the Roberts Two-Tube receiver, the resultant signa! produced will be
greatly distorted unless special correctivc
measures are incorporated in the genera! layout. Due to the loudspeaker volume produced
by the Two-Tube set these corrective controls
are frequently ineffective because of the
subsequent excessive overloading of the extra
stage of amplifiçation and the peculiarities of
various transformers.
Taking these obstacles into consideration it
was evident that ,;ome means of effectually
surmounting- them would have to be provided.
After a series of elaborate tests the push-pull
type of amplifier proved entirely satisfactory.
Fig. 2 and the several photos show the
genera! appearance and layout of the RADIO
8ROADCAST Four-Tube receiver.
MATERIALS

The parts used, with the approxima.te cost, are
listed as follows:
1 Panel 7 x 2 1 x 1.\
$2.00
1 Base-board .
. 50
1 Set Turney Coils
8.oo
2 Variable Condensers . 0005 mfd. S2.50 ea.
5 .00
3 Vernier Dials, $2 .oo ea.
6 .oo
1 Switch Arm
. 10
7 Switch Points .
2 Switch Stops
. 05
4 Sockets, $ t .oo ea.
4 .00
1 Transformer (ratio approximately 5- 1)
7.00
2 Push-Pull Transformers (set)
12 . 50
1 Rheostats, S1 . oo ea .
3.00
2 Jacks
(Open and double circuit)
1 . 25
CA SE • ft CASI.O
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FIG. 2
This base layout shows the genera! placement, spacing, etc., of the units On account of the difference in size of the various manufactured parts that may be used, no dimensions are given, which allows the constructor to use his own judgment.
Room enough has been allowed for all types of apparatus designd for the fun ctions necessary as units in this circuit
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The panel layout shows the mount ing holes on the panel on a small scale, the actual location with dimensions

7 Binding Posts $. 20 ea.
t • 40
1 Neutralizing Condenser
1 • 50
1 Grid Leak
(3 to 7 megohms)
. 6o
1 Grid Condenser .00025 mfd.
.40
2 Micadons
.005 and .0025 mfd. $ . 40 ea
.8o
2 C Batteries 4½ volts $. 40 ea .
. 8o
-Miscellaneous bus wire--spaghetti-screwsbolts-nuts- lugs, etc
2 oc
Total

$57. 15

The prices given here are high enough to
admit of the purchase of parts of good quality.
PREPARATION OF PARTS

N PREPARING the various parts for assernbly, the tri-coil unit, and the neutralizing
condenser require alterations.
That part of the wooden section of the coil
mounting protruding at the left (looking at it
frorn the front) and containing the bearing for
the shaft of the NP coil control is sawed off

I

_,..

-o

flush with the bakelite base. Thb is shown in
Fig. 6. The dial control for this coil is discarded and the separation between the NP and
S coils is rnaintained by the bolt and nut as
shown. The coupling between these coils is
varied to the correct value by rneans of this
screw and is quite sharp in adjustrnent, effecting the tone quality and quantity to a rnarked
Jegree.
The neutralizing condenser must be taken
apart and the two lengths of bus wire replaced
with one continuous piece. Great care must
be exercised in perforrning this operation so as
not to break the glass insulating tubing. lf.
however, the tubing is braken, a length of
spaghetti tubing will serve as a substitute.
Tighten all the balts and nuts on the sockets
to insure a positive contact. This is done by
first rernoving the round knurled thurnb-nut
and tightening the nut and bolt with screw
driver and pliers. In doing this be sure that

+A +c +e +e
-43

Oio

,zn
FIG.

4

lo this schematic circuit diagram the ori~inal Roberts circuit may easily be identified and the
puah-pull amplifier is al,o strikinilY CVldent The left-hand Jack forms the dividin11 line
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FIG.

5

Shows the a.:tual wiring diagram of thl• rt'cciwr as applicd to the base layout shmrn in
Fig. 2.
In wiring the set il is advisable to make frequent rcfcrences to Figs. 4, 5 and Il

the contact blade of the socket does not move
ou t of place.
Lugs are placed at all con ncction points
wherever possible.
DR ILLI NG TIIE PANEL

the holes may be enlarged to thei r proper sizc.
All the holes for mounting the parts on the
panel should be countersunk.
The screw holes a round the edge of the panel
for fastening it to the cabinet are drilled with a

T

O PREPARE the panel for drilling, lay
out the various center points by direct
reference to Fig. 3. With a light hammer anJ
centerpunch mark these points and after
secu ring the panel subst antiall y, drill a ll the
holes first with a No. 28 dril!. Once drilled,

T
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,\lthough there are many cabinf'ts of standard panel size
procurahle, the huilder may construct his own from the
details shown here

No. 18 drill and countersunk. A No. 28 drill
is used for the binding post, switch points,
coil mount, and rheostat holes. The latte r
two a re countersunk. All center holes such
as condenser shaft , rheostat and switch arm
holes are drilled with a i!f" drill. The jack
bushings take a }" hole. The holes for the
condenser mountings obviously differ with the
type of condenser used, but for the Duplex
condensers a countersunk No. 28 hole is drilled.

0

'5ect1 on
To Be

GRAINING THE PANEL

Rerno~~d..
FIG.

6

The alterations of the 3-coil mounting are clcarly indicated. The manufacturer of this type of coil has since
produced a unit in which similar features have been permanentlv included. \s may be seen bv refcrring 10 Fig. 9

,:

A

VERY fine panel appearance is oblaineJ
by adopting the commercial practice of
graining. Firmly fix the panel on a bench or
table and with a sheet 0f No. oo emery cloth

Knock-Out Four-Tube Receiver

FIG.

7

9

Another view showing more compact placement and construction, where a standard panel
nnd cnbi net have been used A good job, well done, by the Radio Research Laboratories

wrapped around a block of wood, rub down the
panel, removing all the "high lights." The
direction of graining is parallel with the long
side rather than with the width of the panel.

When all surface marks have been removed, a
few drops of machine oil may be rubbed in by
the same graining process. A finely grained,
highly finished panel surface results.

FIG. 8
A base of our test set photographed in RADIO BROADCAST's laboratory. In this receiver generous spadng of the parts
is the distinguishini feature. An arrangement of this kind is simpte to wire, but it will not fit in a standard cabinet

.:
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FIG.

lhe pane l ,iew of the set shown in Fig. 8.

Countersink the headsof screws slightlyunder
the surface of the panel so that they will offer
no obstruction to the turning of dials or knobs.
ASSEMBLY

T

l IE next operation is in assembling the
parts upon the panel. The switch points,
stops, and arm are first mounted so that there is
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Graphically explains the system and theory of
proper neutralization in the Roberts Circuit

no interference to the hand motion which might
be caused by the proximity of the other units.
Before mounting the remainder of the units,
a ttach the panel to the base. This supports
the panel in a rigid manner facilitating the

10

The vernier dials greatly facilitate sharp tuning

assembling of the condensers, tri-coil unit,
jacks, rheostats and binding posts in the order
named.
The base layout is shown in detail in Fig. 2.
1t wil! be noticed that no dimensions are given.
This allows the use of other types of apparatus
with the same layout scheme. Round head
wood screws, ½", No. 5 are used to fasten the
parts to the base. Where the base of the
sockets is thicker than ¼", Jonger screws are
necessary for this purpose.
1na receiver of this type, the electromagnetic
and electrostatic fields set up by the several
units unquestionably have their effects on the
successful operation of the receiver. Whether
this is detrimental or not depends largely upon
the crowding or generous spacing of the
various parts. Naturally there is a safe
medium at which both crowding on one hand
and the possibility of extra long leads on the
other are r.educed to a minimum. Fig. 4
shows such a layout with the actual wiring
circuit. Both variable condensers C, and
C2 are of .0005 mfd., white the fixed condensers
C5 and C6 are of .005 and .0025 mfd. respectively. The grid leak condenser C4 is .00025
mfd. For the grid leak, several values are
recommended ranging from 3 to 7 megohms.
C3 is the neutralizing capacity . The inductances are of the standard Roberts design and
are of the manufactured type. Dimensions
for the home-made coils have appeared in the
April and May issues of RADIO BROADCAST.
The filament circuit of the first tube is controlled by a 20 ohm rheostat as is the detector.
The two push-pull amplifier tubes have their
filaments in parallel with a , 5 ohm rheostat in
series with the supply.

Knock-Out Four-Tube Receiver
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ready to operate, the followmg proceedure of tuning is followed. Turn
the tubes on to normal brilliancy
and listen-in on the first jack. Turn
up the tickler control so that the
coupling between the secondar}
": and the tickler is qui te close.
ow,
L..:·-=--------------- - - - - - - - - - _ , J set the tap switch on the middle
I-IG. 12
point and simultaneously rotate
,\ rl•ar ,·ieY. of anol her Rohens experimental m0<ld
the two condenser dials slow!).
Gradually the squeal of a station
1he photograph rig. 8 shows the first labora- will be tuned-in until it reaches its loudesl
tory model built and strongly indicates the point. Let these controls remain at this
generous spacing of the elements. The photo- setting and then slowly reduce the coupling
gra ph Fig. 9 is a revised layout showing the between the tickler and the secondary until
more compact construction.
all the squeal vanishes and the music or
1n following the panel template of Fig. 3 speech is clear. The quality and quantit)
it will be noted that the position of the jacks of the reception can be increased by clearing
up the tuning with a further adjustment of the
1-., -,lightly altered so that the socket may be
brought nearer to the panel.
rheostats and the switch taps.
The operation of the push-pull amplifier i:-.
WIRING THE SET
entirely controlled by its filament rheostat
11 E actual wiring of the receiver is shown 1t is important to observe that a !oud speaker
in Fig. 5. The schematic circuit is shown be used that is capable of handling the large
in Fig. 4. Together with the base photos these output volume without distorting the tone
wiring layouts clearly indicate the attempt to quality. Signals from this receiver are so !oud
keep the wires short, parallel to the length that some !oud-speakers can not carry them
and width of the base, and to make all turns at when the set is turned on full. Undue oscillaright angles to each other. The observance tion or howling that seemingly cannot be conof these few rules add to the workmanlike trolled by any - of the tuning units may be
appearance of the finished job. Soldered con- eliminated (providing the correct connections
nections were made to the lugs attached to the to the coils have been made) by reversing the
various parts. Half and half strip solder and a leads to the primary of the audio-frequency
,olution of resin mixed with Carbona or alcohol transformer used for reflexing. 1t is also necesto the desired liquid consistency, was used, sary to vary the detector B voltage to its proper
resulting in a clean, permanent connection. value, depending upon the individual tube used .
fhe use of spaghetti insulating tubing is
Fig. 12 shows how the tuning squeal would
optional excepting where there js <langer of appear if visualized. When the cylindrical
short circuiting, then its use is absolutely tubing on the neutralizing condenser has been
necessary.
adjusted so that at a certain point on the dia!
of the first condenser there is a comparativel\'
OPERATING NOTFS
quiet spot a few parts of a degree either side
E USED UV-201-A tubes throughout. but of this point, but graduallv and equally inany standard tube may be
substituted providing the necessarv
changes in value of the filament
rheostats are made. The grid leak
resistance of the detector tube controls to a large degree the volume
output of the receiver. The value
of this resistance will vary according
to the tube used, from about 2 to 7
megohms.
FIG. 13
lf all the batteries etc., have been
A panel view of Fig. 12. A manufactured inductance switch, shown at
connected and the set is otherwise
the left-top ha, replaced the ordinary switch arm and contact points

T
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Another base view.

flG. 14
Other parts and a different base and panel layolil prove the wide flexibility of design

creasing then <lecreasing in a whistle as the
Jial approaches and passes this point, it may be
assumed that the correct location of the tube
has been determined. But, if it so happens
that the squeal first increases gradually, then
quickly slumps down, then quickly increases
and quickly decreases, it is evident that the
proper balance has not been obtained. Try
sliding the tube in the opposite direction of its
original position for only a short distance and
repeat the variation of squeal intensity. In
Fig. 12, X shows the silent point extending
from B to C, while A-8 indicates a gradual

FIG.

increase in intensity and C-D indicates a
gradual decrease in squeal intensity. This
constitutes the proper squeal adjustment.
The tapped primary allows the use of practically any size of antenna. In the RADIO
BROADCAST Iaboratory two hastily constructed
antennae were used, both not being more than
ten f eet in height. One was 18 feet long, the
other about 1 50 feet long. No great difference
in volume or in sharpness of tuning was noticeable in the use of either.
The use of vernier dials is a decided aid in
the tuning of distant stations.

15

Adapting the circuit to 1uning units of a more standard nature. \ t8o0 coupler is rewound to
take the place of the ~piderweb NP-S-T coils and the antenna inductancc 1~ wound on a cylindrical form mounted at right angles to the coupler. No matter what type of apparatus is used,
it is well to make a permanent, complete layout of this character before doing any of the wiring

:

Notes on Neutralizing the Roberts
Circuit
ADIO receiver~, especially those
using the regenerative principle,
should not be allowed to radiate
energy into space, causing unnecessary interference wi th other receivers
in the vicinity.
1n the Roberts circuit, radiation is prevented
by the use of the coil N and the condenser
connected to the grid of the first tube and the
coil N. This coil N, because of its peculiar
connection, prevents oscillation in the plate
circuit of the first tube, and the condenser,
when properly adjusted, should exactly equal
the capacity between the grid and plate of the
tube. (See Fig. 4). Mr. Roberts describes
the theory of this action as follows ·

neutralizer must be correctly adjusted. Therefore a bit of in~truction on this important
feature will not be amiss.
The best home-made t) pe of neutralizer is
made from a length of bus bar with spaghetti
or glass insulation and a piece of copper gasoline
tubing for the sliding member. Fig. 1 gives
the dimensions for such a unit.
1n determining whether or not you r receiver
is properly neutralized, one must visualize the
rise and fall in squeal intensity.
The curves in the two graphs shown in Figs.
2 and 3 are somewhat exaggerated to make it
easier to un<lerstan<l the act ion of the neutralizer.

Whatever alternating voltage exists on the plate
of the tube must be due to altcrnating magnetic
flux linking P. But the samc flux also links the
similar winding N, which is connected the other way
'round, and hcnce, acting through C, produccs an
effect on the grid which is cqual and oppositc to that
produced by P acting through the grid-plate capacity
of the tube. Thus the net fecd back, or tendency to
regenerate is completely neu tralized or balanccd

Y RO I ATI G the dial (Fig. 2) in the
<lirection of the arrow, we find a quiet
spot X at the reading 50 and extending one or
two degrees either side of it. By continuing
slowly to rotate the dial, we immediately reach
the full squeal intensity indicated at 8. As
the dial continues to rota te, the squeal intensity
gradually decreases to A. On the other side
of X, rotating the dial in the opposite direction,
we immediately reach the full squeal intensity
as before at C, but here the decrease in intensity
is very rapi<l, ending at D.

R

! laving now determined the necessity for
this neutralization, we must know how to
apply this method of neutralization to the
receiver.
To do that, one proceeds as follows: turn the
tickler control well up against the secondary;
light the filaments of the tubes and rotate !.,oth
dials until the carrier wave or "squeal" of a
station is located.
'ow adjust the dials for
maximum signa! strength and then lower the
tickler coil to loosen the coupling bet\\ i>en it
and the secondary.
Now, by rotating the left hand dia! slowly,
the intensity of the squeal will be varied as
the dia! is moved. The intensity depends on
the amount and the direction that the dial is
turned.
On the next page are shown two curves, which
illustrate incorrect and extremes of unbalanced
neutralization which are occasionally experienced in the Roberts circuit. To operate this
receiver successfull y without radiation, the

HOW TO TEST YOUR SET FOR IMPROPER
NEUTRALIZATlO1'
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How lo make your own neutralizing condenscr. Bakelite
or formica may be substituted for the hardwood base
lf it is desired, the right side mounting may be eliminated, making it possible to slide the tubing over the
end . This will allow a greater range of neutralization
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Knock-Out Four-Tube Receiver

In Fig.-3-the action is just the opposite. The
quiet point X is found at 50. Rotating the
dia! in the direction of the arrow, the full squeal
intensity is immediately reached at B and then
rapidly decrea5es to A. On the other side of
50 we immediately reach the full squeal intensity at C which gradually
diminishes to D.
These two examples of
improperly balanced neutralization will suggest to the
constructor the proper setting of the condenser. The
graph showing the proper
balanced squeal curve is
published on page 8 of this
HC . 2
\n examplt: of exbooklet in the article on the
tremely unbalanced
four-tube
receiver.
neutrafüation. Visua l i ze your own
Obviously, if your receiv"squeal curve" on
er produces squeals similar
condenser C1 in the
Robert~ circuit
to those indicated in Figs.
2 or 3, the condenser tubing
mu!)t be shifted until each section on either
side of the quiet spot (indicated in the graph,)
is equal and balanced.
lt is well to remember that the same setting
will not always be correct
for all tubes. The Roberls
receiver will operale equ.ally
well witb all types of sfandard tu.bes. In the first description of the Roberts circuit appearing in the April
1924, RADIO BROADCAST
two types of tubes were
used, a uv-201-A and a uvIIG. 3
199. The only reason for Showing the ot her
of unbalancthis arrangement was the extreme
ed neutraliza t ion .
sa ving of. 19 ampere in fila- The correct "squeal
ment consumption. Natur- curve" witl result
from a neutralizer
ally the neutralizer setting condenser
setting
for these tubes would not equal to the a verage
work out efficiently if wo- of the settings in
Figs :i and 3
12's were substituted.
1n determining the location of the squeal,
this characteristic noise should not be mistaken
for forced or over-regeneration due to the use
of high B battery voltage applied to the plate
of the detector tube. However, in this operation, the tickler coil should be turned well up
against the secondary. Once the squeal of a
station has been located, the volume may be
reduced at will by decreasing the coupling
between the tickler and secondary coils.

ro adjust the regenerative action so that
there is no sudden 'plop' of the regenerative
squeal, regulate the detector B voltage to its
most effective value for the particular detector
tube used.
ANOTHER GOOD TEST

O

NE of our readers, Mr. W. A. Golden, Jr.,
of Santa Ana, Calif., writes us as follows:

A very easy and effective method of determining
the point of neutralization can be had by the use of
a good crystal detector and a pair of phones connccted across the antenna and ground binding posts.
First tune-in a strong station in the regular manner,
allowing the detector tube to oscillate and form an
audiblt> beat note with the carrier wave of the station; then listen to the phones connected in series
with the crystal detector betwcen the antenna and
groun<l and, if the set is not neutralized, this beat
note will be heard. Now adjust the small neutralizing condcnser until this beat note becomcs inaudible.
1t is a good idea when doing this to listen to the
phones in the plate circuit of the tube set once in a
while so as to be sure that the detector continues to
oscillate and form the audible heat note at all times
while the neutralizing condenser is being adjusted.
When the beat note can no longer be heard in the
phones between the antenna and ground, the set is
adjusted properly and should he left permanently
in this condition.
l have found this a very simple and cfficient means
of performing this otherwise rather difficult task.

L
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FIG.

4

The heart of the Roberts circuit. Any standard tuned
rad:o-frequency amplifier may be neutralized by using
the induc tance N and the capacity C. In the Roberts
circuit, Sis made of 44 tums of No. 22 DCC wire wound
on a spiderweb form having 13 teeth. The first turn
diameter i:; 2i inches. The outside diameter is 5
inches. S is shunted by a .0005 mfd. variable condenser, preferably a vemier. Coil N-P is wound on a
similar form. A pair of wires, of different colors for
ease in winding and connection, are wound for 20 turns.
For this coil, use o. :i6 Dcc wire. The outside turn
of one of the wires is connected to the plate and its
other end (inside) is connected to the outside lead of the
other wire. From this point, a lead is brought to the
B battery or phones. The inside end of the other coil
attaches to the neutralizing condenser C which ii
connected to the a;rid of the tubt

Additional Experiments with the Roberts Circuit

T

HERE is a very large and a very interesting fielJ for experiment both in simplifying anJ elaborating the Roberts
circuit Experiments and improvements can be tried in both the design a nJ the mechanica! layout. Some of
the many interested experimenters with this set have been trying cylindrical coils instead of the spiderweb type.
Some of the appended photographs illustrall' certain types of apparatus which may be considered for trials along this
line.
Several other lorms of neutralizatirm might he used in this .:ircuit, and those who are familiar with these methods anci
feel they are competent to experiment with them , might well try the" Rice method." The use of "f.xed tickler," and the
" untapped primary" each offer inter esting possibilities for experiment in ,implifying the control of this circuit.
lt is not the purpose in suggesting experiment with this circuit to mtimate that the builder merely fooi idly with
various other combinations of instruments, but that he really try intelligently to impro,·e or refine the circuit.
In experimenting with cyl indrkal coils, ,t.irt out wi1h the sam~ num',er of turns as specified for the spiderwebs .
Then vary the windings for ,a1isfac1ory npcra1ion.

OlHER POSS I BI LITIE~
1 hese Bremer-Tully coils can be

suhstituted in the Roberts circuit
Both have bank-wound sectional inductances. The coil at the left has
an aperiodic primary and is used as
the antenna coupler in the Roberts
set. The other can be used as the
NP-S-T unit

POSS I BLF. VARIATIONS

OR those who wish a receive r delivering possibly less volume and unquestioned quality at perhaps a more moderate

F cost t han the one described, we heartily recommend the substitution of a two-stage resistance-coupled amplifier
instead of the push-pull audio-frequency amplifier Using only go volt plate potential with a 4½ volt negative bias
A FINE
CHANCE FOR
EXPER I MENT

This coil, much
used in regenerative
circuits,
may be used in
the
seconda ry
and tickler inductances with
few changes for
the Roberts
circuit.
The
coil, lettered P
must be removed and a double coil (of 20 turns) wound as a
pair of parallel wires must be substituted. A 40-turn single
coil, tapped at the 20th turn may there be substituted.
T his gives us three leads; the center one, the B battervphone lead, one end connects to the plate and the
other to the neutralizing capacity. lt may be necessary
to wind the NP coil directly over the secondary inductance to obtain the desired coupling

on the radio frequency tube, the resultant q uality of
the tone is exceptional over the entire audio frequency
band. 1t is not particularly d ifficult for an average
constructor to alter the specifications given in this
booklet and replace the push-pull amplifier with a twostage resistance-coupled amplifier.
1 he original two-tube Roberts receiver produced
excellent !oud speaker volume. Were two stages of
resistance-coupled amplification to be added to that
arrangement, the resLlting quality and volume would
certainly be satisfactory for home use.
And contrary to the genera! belief, this arrangement does not use an abnormally high B battery
voltage Also, we have found that go volts on the plate
of one of our four-tube Roberts sets using a resistance-coupled amplifier drew less than 10 milliamperes
current.
This fou r-tube receiver has been operated successfully on local, but not fa r-distant stations, on a
loop. As was to be expected in such an arrangement,
the tuning was very sharp. 1t was necessary to change
the circuit by substituting a standard two-foot square
pancake loop for the first secondary.

,,,

h:nock-Out Four-Tube Receiver
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THE
~

HONEYCOMB COIL
MOUNTING

Can be used for the NP-S-T
unit.
This
arrangement
should permit very smooth
,
coupling betwcen the tickler
~. ~
and the secondary and the
N-P coil and the secondary.
A special two-wire coil may
he wot.nd for the N P inductance or a tap may be taken
rrom 'the electrical center or a 50-turn honeycomb coil to
the B ba ttery-phone circuit
J

(J

'.,

""

THE VAR!OTRANSFORMER

May be used as an antenna coupler,
eliminating the tapped winding.
This provides a control on the
coupling for maximum resonance
betwcen the first primary and
secondary circuit. The ~tandard
90° or 18o0 coupler wilt also serve in
this c-apacity

A TEMPLATE FOR THE SPIDER WEB CO!LS

1:.xact size. The winding for these coils, as used in various parts or the Roberts circuit and indicated by
the letters are as follows: A : 40 turns No. 22 Dcc wire tapped 1- 2-5-10-20-30-40; S1: 44 turns
No. 22 DCC wire; N : 20 tums No. 26 Dcc wire; P . 20 turns No. 26 Dcc wire (two ....,ires or N and P are
woun<l parallel as a pair) ; S2 : 44 turns No. 22 Dcc wire; T : 18 turns No. 22 DCC wire. Coils A, S1, S2
and T are eaèh individually wound under two and over two spokes or the form. The NP coil is wound
under one and over one spoke

A Good Receiver
for
Every Purse and Purpose
Ç May be found comp letely described in the RADIO

BROADCAST KNocK-ÜUT RE CEIVER BooKLET. In
this booklet, thousands of which have been sold to
radio constructors who want to build a receiver on
which they can depend, are illustrated six receivers of
the famous RADIO BROADCAST KNocK-ÜUT series.
Ç lf you want a simple, efficient, and comparatively

cheap one-, two-, three-, or four-tube receiver, this
booklet will

Solve Y our Problems for Y ou
Thousands of readers of RADIO BROADCAST have
built these receivers with great satisfaction. All
of them a re easy to build, are sensitive, and do
not radiate. They h ave been designed by famous
contributors to RADIO BROADCAST, and in their
class are the best sets that can be built.
Order at once from

DOUBLEDAY, PAGE & COMPANY

---

- - - - - - - - - - - -- -- -

Garden City, New York
- - - - - - - -- - - - - - - - - - - - -

Doubleday, Page & Company
Garden City, New York
I enclose 1,
for
copies of the RADIO BROADCAST K N OCK-ÛUT RECEIVER BooKLET at fifty cents a copy.
This ord er is sent with the understanding that if I am not
completely satis..fied, my money will be returned.

(.\' tl IJlt)
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Why the ''Knock-Out'' Article
are Typical of

RADIO BROADCAST
THE STA NDARD RADIO MAGAZIN E
HE "Knock out"
series of How-toMake-It articles were
written originally for
and under the direction of RADIO 8ROAl>CAST. They give you
~ome slight idea of the
practical val ue of this
publication. Every issue contains " How-to-M ake-it" articles as
well as all manner of practical information
and helpful hints. The fact that we receive
letters of commendation daily from beginners
as well as from radio engineers of many
years' standing proves how wide is the scope
of this standard radio magazine.

T

BaoADCAIT at onct, so we never had rh~ ··tccthing troubles"
that mo"t new magazines have to go through.
RADI O B1tOADCA&T i, fortunate al~o in havine an entht1"ia11ic •taff headod by Arthur ll . Lynch. edi tor-in-chiel.
Mr. Lynch hu been with radio since the beginning an,1
was way up in thi, field belnre the public knew aerial,
from clothes line,. Backod up b>· a large publi,hing hou•e
nf 8reat mean,. R.u,10 BkOADCAST has always been able
10 pay for the 1ervicc1 or the best writcrs and to buv
the be~t illustrations that money can buy. T he forc most
men in the radio industry, t he tnost eminent authoritie1
in tl1c 1wvcrnmtnt writc for us.

How Our Testing
Laboratories Help You
Wt have our own long-diatancc re«iving station. anJ our

own Tcsting Laboratory whcrc new apparatus is carefully
tried out by the oditor-in-chicl and his assi1tant1. John B.
Brenna n , a uthor of article on the four-tube Knock-Out is
the director of the Labora tory. Clear photos of such appar.1tus togethcr witb dircctions telling how to use it
appcar in cvcry issue. At our recciving station wc clcarly
heord England in the recent trans-Atlantic testa 10 widely
mentioncd in the papers. Tlust t,sts uurt contl.'Ncttd undtr
tAt au,pi<ts of RADIO Bko.,DCAIT, and the magazine will
this year ronduct the Ame rican end of J nternational Radio
Week.

What a Single Issue
Gives You!

Subscribers' Questions
Answered Free of Charge

In every number of R ADIO BROADCAST you will
find, in addition to the H ow-to-Make-It articles:
Full-page portraits of well-known radio personalities; new and character sketches of the
big men in the field; the March of Radio, detailing the month ly progress of the science at
home and in foreig n lands; how-to-operate-it
articles; true stories of radio ad vent ure or enterpri,e here and abroad; large, clear photographs of new apparatus with fu ll descriptions
of the same, articles on controversial radio
topics; special articles for beginners and special
articles for the advanced; news of the broadcasting stations; articles telling you what to
buy and what not to buy; the "Grid"-a questions and an,wers dcpartment giving free service to sub,cribers; and our newest feature,
"The Listeners' Point of View"-a department
of criticism of the musical programs offered by
the various broadca sting stations conducted by
Jennie Irene Mix, the well-known musical critic.

RADIO BkOADCAIT anawen free. the questiona a,kod by aubacribers. Whether you are building a set, operating one, or
making changct in your outfit. the radio engineer, in our
laboratories will he)p atra ightc.n out your compluitiea.
While publi,hing technica! article1 for the more advancod
nudcnu of radio, the magazine hu made rad io human.
Pick up and look through n copy of RADI O BRoADCAIT.
and whether you know much or littlc abo ut the science,
rou will find plenty of interestinc reading.

Keeps You Ahead of the Rest
Although it keeps you a lap ahead of the rest. RA01 0
BROADCAST never publi1hcs any information until every detail ha, been thoroughly tested and verilicd in cvery respect.
'fhia makes every statement, every bi t of advice in the
magazine authori utive and rcliable.

Every Issue Profusely lllustrated
SEND IN TH E C O U PON NOW

r - ------ -- - - 1

l
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Some Important Facts About
RADIO BROADCAST
R,010 BROAUCAST is just two and a half yean old. It
hos 500,000 reade rs now. We admit that we atarted out
with a grcat advan tage. The public, knowin1 the quality
of the othor ,even magazines •nd the many books pub1,shcd by Doubleday, Page & Co., began to buy RADI O

--------7

Save JO Cents on Every Copy

1

DOUBLEDAY, PAGE & CO.,
Garden City. N. Y.

1

Endosod please find $ 1.00 for which kindly send me
RADIO BROADCA&T lor four months. (Rc1ular price, $ 1.40)
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