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HAZELTINE’S NEUTRODYNE CIRCUIT

‘.r OSSIBLY the mest important development in radio
engineering in recent years is the introduction of
the “Neutrodyne™ receiving and amplifying circuit.
For the frst time really efficient radio frequency
nmpllﬁmtmn is possible.

Technically the “"Neutrodyne” circuit neutralizes the in-
herent coupling capacities of both the vacuum tubes and their
associated circuits, This eliminates distorting regeneration,
local re-radiation and other radio receiver circuit disadvantages.

The "Meutredyne' circuit is the result of several years'

research work by Professor L. A. Hazeltine, Professor of
Electrical Engineering at Stevens [nstitute of Technology,
Hoboken, M. J.

Professor Hazeltine is one of the world's noted consulting
radio engineers, His work in radio has been of great value to
the art, and a fitting addition to his achievements is the de-
velopment of the "Neutrodyne" circuit. The American
[nstitute of Electrical En-
gineers have honored
| Professor Hazeltine by
| making him a Fellow
member. Professor Ha-
| zeltine iz also a member
of the American Society
of Mechanical Engineers
and a Fellow member of
the Institute of Radio
Engineers.

. Eminent authorities are

of the opinion that the
Hazeltine “Neutrodymne"
circuit will revolutionize
radio broadcast reception,




The Modern Factory Where Fada Radio Instruments
and Parts Are Manufactured,



How to Build “Neutrodyne” Radio Receivers

Complefe assemnbly, wiring, adjusting and tuning information for building
both four and five tube Hazeltfne “Neutrodyne'® circuit radio recefvers.

By KIMBALL HOUTON STARK
Chief Engineer F.A.D. Andrea, I'nc.

M March 2nd, 1923, Professor Louis A. Hazeltine delivered a lecture before the
Radio Club of America at Columbia University, New York City, entitled **Tuned
Radio Frequency Amplification with Neutralization of Capacity Coupling”.

Intensive development work for several months previous to the date of the lecture
experimentally verified the importance of the “Neutrodyne'' principle.

In fact, there appeared on the radio market at about the time of the lecture two types
of radio receivers utilizing the “Neutrodyne™ circuit. During the past several months
these complete “Neutrodyne' receivers have demonstrated in every part of the United
States their superionty for both local and long
distance radio broadcast reception, On this
page are shown interor and exterior views of
the "One-Sixty" Meutrodyne receiver illus-
trative of one of the types of "Neutrodyne™
receivers being made on a commercial basis.

Literally thousands and thousands of people

J'Jllf;ﬁ.lr::l;]l;:qr rna_"m;rfn:,;fﬂg:‘;uhr Neutrs who like to “eonstruct their own™ radio equip-
R awrafarmer waiee T ! ment, after knowing the success of the “Neu-

trodyne’ circuit receivers have been waiting
for accurate and complete details which would enable them to build their own receivers
of this type.

This booklet is published to supply that information and tells in gimple and understand-
able language how to construct, adjust and operate boath four and five tube “Neutrodyne™
circuit radio receivers,

Thete is 1o greater thrll than the moment
when after the constructional work one is
ready to lHaten-in on the new sct for signals.
An pdded joy of the owner of a radio set is to
hear the broadcasted concerts lmom stations
hundreds or even thousands of miles away.,
It's this "long distance réceiving' that causes
the "radio bupg" to stay awake 'til midnight
and after, much to the chegrin of friend wife. n,:-ﬂ" uﬂ.ﬂmﬁ{.ﬁ:;ﬂﬂﬁ:ﬁﬁwﬂ'
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Materials Necessary for Neutrodyne Receiver Construction

It may be well at this time to give the experimenter the benefit of several months’
labaratary work in developing the “'Neutrodyne'" circuit.

Basically the “Mentrodyne’ circuit accomplishes a feat which has long baffled the best
of all radio engincers.  Efficient radio frequency amplification has been a laboratory
achisvement up until the advent of this circuit. The inherent disadvantages of
attempting to combine pure radio frequency amplification with the almost impossible
problem of eliminating undesirable regeneration and ocscillation has been the buga.
boo of both engineer and home experimenter.

Publication of constructional information on the “Neutrodyne™ circuit has sccordingly
been withheld until actual how-to-build-it medels could be built and it was felt that the
layman could, with pictures and complete data, get satisfactory results from home-made
“Meutrodyne” receivers.

The “"Meutrodyne' radia recsiver requires several special pieces of apparatus. The
tuned radio frequency transformers or “Neotroformers™ and the special very low
capacity variable condensers or “Neutrodons'” are the most important units in the eireuit.

The “Neutroformer** i3 a special tuned radio frequency transformer. The design is
especially important. The several characteristics of the unit, such as the distributed
capacity and inductance of the windings, mechanicel arrangement of the enils, mutual
inductance, position of taps and the co-efficient of coupling have been determined very
accurately in the laboratory.

The “Neutrodon' is a very special variable condenscr of extremely low capacity of
the order of one to ten micro-raicro-farads. The neutralizing adjustment of the circuit
is focused in these “MNeutrodon' condensers and they muat have practically no losses

at radio frequencies.
Three “Meotroformers” and two

“Neutrodons™ are neccssary in con-
structing either a four or fve tube
receiver. These parts are packed ina
combination packsge as pictured on
this page and can be obtained from
most radio merchants or direct from
the manufacturer.

M course other standerd parts are
needed in addition to these specal
"Meutrodyne" parts. Complete lists
of these materials for both types of
recelving sets will be found on pages
27 and 28 of thia booklct.

Tt i3 supgested that the readers eare-
fully study the information given
on page 18 before hnally deciding

which to construct; rfe., a four or

hich .
A standmd combination prchave of aseiting - ewtrmlung P00 five tube “Neutrodyne'' receiver.
ddieedt Ieedivrra.
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Using Fada Templates and Drilling the Receiver Panels

Attached to the rear pages of this booklet will be found two Ml size paper panel
drilling templates. These templates greatly ald the constructional work as they are
made very accurately and can be trimmed to sire and pasted directly on the pamel and all
holes drilled to sizes mentioned.

Bakelite, Formica or Radion hard rubber panels can be purchased, cither 24 or 16 inches
long, and 7 inches wide by +% inch thick, at most every radio store. The 24 inch panel
is Tor the four tube set and the 26 inch panel for the five tube set.

Carelully trim the paper template to exact sixe of the panel and paste the cormners down
onto the panel securely with library peste. A small prick punch can then be used
to locate the eenters of the holes, After this o hand drll should be used to drill the
haoles in the panel, Care should be taken in locoting the centers of the holes thru the
template accurately; and particularly in the case of the "Neutroformer" mounting holes.

The holes on the template which are marked “countersunk™ can be countersunk by
using a larger drill and hand brace if necessary, or where one has it, a regular countersink.

A combination square snd dividers may be of psadstance il one desires to lay out the
panel drilling by scaling the dimensions from the panel template and scribing thewe
dimensions directly on the pancl.

The home experimenter can have the engraving placed on the panel by giving the
work cut to o shop which has regular engraving machines, or can roughly eongrave
his own panel by carefully making the lines and letters with a sharp scriber and afters
ward flling in these lines with white
enamel, Gl course, the most desirable
wiy 18 io purchase the panel from any
good rmcdio instrument shop complete.
I¥ drilled and engraved.

e e
Frodpme"" §ps=
The  feaiwid o
Beiag dillied,
F oL using the paper
) Y oy o J L1 fempliiy  pup

— = plind with this
L

r i i i
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Assemnbly of Parts on the Panel

The assembly details of either 1the four or five tube sets are practically the same, so
thiz data will be taken up in the order of assembling each individual unit on the receiver
panels or basehoards.

The anly Lools required for assembly work are screw drivers [thin and coarse blades)
hamd dall snd drills, small hamsver, prick punch, combination square, dividers, aod a
wmiall wrench lor flll.-ﬂ!il'l‘ the ltktﬂ:ltn'l: j.m:h-

NEUTROFORMERS —The three “Neutroformers™ are mounted
in the center of the panel height. The panel drilling {3 such that all
three of these "Mewtroformers” are mounted approximately at & 60
degree angle from the horizontal. Accurately this angle is 54.7
degrees.  Thi angle is very important and one should not sttempt to
constriel o “MNeutrodyne'” set without carefully following the paper
template layout.

The photograph on page 1E shows the general relation of the “Newtroformers™
to the reat of the set. Each of the “Nevtroformen™ have a tap in the winding on the
outside.

Alter the “Neutroformers” are screwed onto the panel with the condenser shaft pro-
truding from the panel, the adjusting dials should be fasiened onto the shafts nicely so
that they do not rub against the panel when rotated.

RHEQOSTATS AND FILAMENT SWITCH —On bath four sind
L five tube "Meutrodyne' sets a regular vernier rheostat is recom.
' E' = mended to control the detector tube filament current, Thia {8 the

= rheostat ot the extreme right hand end of the fromt of the four

tube set and the second rheoatat from the right hand end of the
line tube panel. Detalled instruction for mounting the vernier rheus
stat follows:

1. Remove the entire vernler atiachment which will be found
gttached 1o the rheosint shall with a st screw,

2. This relensea nnd nllows the removal of the rheostat shafi, the knob and poinicr.
The rheostat base with resistance strips can then be lastened on the rear of the pancl
with the machine screws and nuts furnished. The knob and shaft should be inserted
thru the panel fram the lront.

3. Rotate the keob ond shaft until the pointer is ot the desired off position ol the Jeli

saclie,

4, Mow press the vernier pttachment on the end of the shaft and press it dovwi on the
shaft until (L rests femly sgeinst the contact strip and until the outer end ol the conbact
lever makes good contact to the resistance strip.

5. Adjust the contact lever pressure so that the lever makes just strong esough contact
1o permiat rotating the vernier dise without eausing the main lever to jump lrom one turn
1o the next on the resistance strip. ‘Then secure frmly to the shalt with a set screw,



The same general procedure should be followed in mounting
the power tubse rheostat, except the vernier attachment, of course,
iz replaced by the ordinarily contact lever, The power tube
rheostat controls the filament current of the three amplifier tubes
used. As will be noted from the sccompanying drowing, the
snckets used should be of a type that allows room for mounting
the rheostats between the sockets and the panel.

The filament circuit, or A" battery switch is fastened to the
panel by removing the knurled nut and after inserting the threaded stem of the switch
thru the pancl, replacing the knurled nut and turning it up tight.

BINDING POSTS—Seven bindlng posts ore used on either
the four or five tube "Neutrodyne set. After Inserting the
binding posts thru the panel, terminal clips should be placed
ower the serews and then the binding post nuts tight ened down
s eurely.

TUBE SOCKETS—In the four tube “Neutrodyne™ set only single tube
sockets are used, while in the Bve tube s2t two single and a triple socket are [
required. ﬂumhtlmn{hmﬂrfmmmwﬂhthﬁnt :

the machine screws 80 that the heads of the serews will not be injured and
that the screws exposcd on the front of the panel will not appear unsightly.
. : Before assembly of the sockets on the panel it
may be well to see that all contact springs are
firmly attached to the socket base and bent up
into the socket shell 90 that good contact will be
assured when the wvacuum tubes are inserted.

TELEFPHONE JACKS—Two telephone jacks are used
on these receiving scts. One of these is of the "single open
circuit™ automatic filament control type and the other o
“single closed circuit™ type.

On the four tube set the “automatic™ type, or the one with the thres contact springs,
should be fastensd onto the left hand end of the parel. The jack with two contact
springs, of course, must then be fastened en the four tube panel under the number 3
"Meutroformer'" tunlng dial.

On the five tube aet the reverse arcangement 1a followed, The three spring jack i3 6t
the right hand of the pancl, and the two spring or “clased eircuit' jack is mounted direct-

ly under the vernier tube rheostat knob.

Before assembling the jacks on the panel the contact springs should be examined to
see that proper contact is made when the telephone plug is inserted.
i»l



BASEBOARDS—The wooden baschoard is fas ened to the panel by three wood screws.,
It should be carciully located, even with the bottomy of the front panel and the screw
haoles atarted with a small deilk,  Using a small starting hole and rubbing soap on the
wood screws will allow screwing the baseboard snd panel together very firmiy. The
baseboard should be shellaced or varnished to prevent the abaorption of meisture and the
consequent warping and splitting,

NEUTREODON CONDENSERS—These two “Neutrodons' are
mounted on the bascboard between the first and second and the second
and third "'"Meutroformers®, Use a combination square pnd line ihe
bakelite " Nevtrodon™ bases up square and true with the edges of the
baseboard if vou desire a neat looking finished instrument. Then fasten
this bakelite hase down ta the baseboard using two wood scoews.

The adjusteble brass tubes of the “MNeutrodons™ should be placed
pbout in the center of the glass tuhes and vnder the fasiening down clamp.

AUDIO FREQUENCY TRANSFORMERS — Two audio frequency
amplilying transformess are wsed on either the four or five tube scts. As
will he seen by examining the rear view phaotographs of these two 1y pes
of receivers a5 shown on pages 18 and 19, the mounting of the trans-
formers on the basehoards i3 different. On the fowr tubse set they are
spaced apart on the left hand end of the baseboard, while on the five
tube set they are closer together and at the left hand end of the receiver
basebaoned.

Care showld be taken in mounting the audio transfornwers to arrange
the tecminals such that all wickng to the teansforoers i3 as shork and

direct as possihle,

Wiring Up the Assembled NEUTRODYNE Receiver

THE FOUR TUBE SET. Itis best tofasten the baseboard to the panel when assem-
bling in order to properly locate the holes for fsteming, elc.  Aler the entice recever i3
masembled, however, the baseboard should be removed from the panel in order to fecilitate
the wiring. This will mean that the receiver is wired up complete without the bazsebhoard,
with the exception af the audio transfofmers and “Meutrodons" which are actually

fastened to the baseboard.

A complete wiring diggram for the foue tube “Neutrodyne™ receiver s showi on page 1.
Ome should study this diagram carefully before proceeding with the wiring to get in mimd
the general plan of the connections, The tuner, first radio frequency unit, and second
radio frequency unit oo the diagram are cespectively the lelt hand, center and right hand
"MNeutroformers™.

[1o]
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Shpwing rhe wiring ol dhe four fube " Yewtrndyne' o frem dhe boftom onth the basebogrd semoved,

The fixed condenser on the disgram shown connected in parallel with the audio [re-
quency transformer secondary between the first two vacuum tubes should have a capac-
ty of 0002 micro-farads, The other twa fixed condensers shown should have s capacity of
L6 micro-far. Js. The neutralizing capacities on the disgram are the “Meutrodon™
condensers.

It 15 vaually best 1o begin wiring by connecting wp all of the negative vacuwm tube soe-
ket terminals and then extending this same wire to the ground binding post,

In like manner the positive flament connections can be made, the positive terminals
of two of the amplifying tubes being connected together. The wiring of the detector tube,
power rheostat, vernier rheostat and hlament current switeh, to the b volt or A" battery
bind posts can then be completed.

The pext units to wire up are the Axed condensers and the telephone jacks. The fixed
condensers can he wired in the circuit and by using No. 14 solid copper wire; the wires
soldered to each terminal of the fixed condensers will support them solidly and eliminate
the necessity of fastening the
lixed condensers down to the
bascboard with wood screws.

MNow the “Neutroformer”
connectione can be made.
It will be noted that g1 thees
" Meutraformer "' secondary
windings have a small loop or
tap. It iswvery impartant that
oo connection be made to the
tap of Mo, 1 or the left hand
“Neutroformer” looking from
the panel fromt. The lead
from the Mo, 2 and 2 “Neo-
troformer”” tap should go di-
rect to one terminal respect.
ively of the second and third
“Meutrodons™ ps shawn in the
wiring diagram.
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Final connections can be made to the audio frequency transformers, ‘“‘Neutrodons”,
binding posts, etc., after the baseboard has been replaced on the panel.

FIVE TUBE SET. The five tube “Neutrodyne’ set wiring is practically the same
as the four tube set except, of course, the socket layout and the position of the audio
{frequency transformers. It will also be noted from the five tube wiring diagram on page
13 that only two fixed condensers are used in addition to the grid condenser. These
two fixed condensers should each have a capacity of .006 micro-farads.

Gr:d condensers and grid leaks are shown on both four and five tuke wiring diagrams.
These are not absolutely necessary and if both are dispensed with, the connecting wire
from the rotary plates of the third ‘‘Neutroformer™ variable condenser should be con-
nected to the negative and not to the positive side of the detector tube filament circuit.

GENERAL WIRING HINTS. The general procedure in wiring is to cover each
wire with insulating tubing after it has been cut to exact length. The bending of the
wires can be done after the insulating tubing is placed on the wires. The bending of the
wires should be done carefully, all corners being slightly rounded, but with the leads at
right angles and square to each cther.

All soldering should be very carefully done and under no consideration should acid be
used as a soldering flux. The most desirable flux to use is a mixture of aicohol and resin.
The no-corrode soidering pastes on the market are permissible if the joints are carefully
cleaned, immediately after soldering, with alcohol or gasoline, Another point of impor-
tance in soldering is to use a soldering copper that is hot enough, Cold soldering means
high frequency resistance and poor mechanical strength in connections,

Another wiring hint of value is the plan of checking off with ink very carefully each
wire on the wiring diagrams after it has been connected in place. This gives one a ready
check on the wiring and helps in being - ]

sure th 1 ' _ AUDIO FREQUENCY AMPLIFYING
at all connections are properly made {RANSFORMER CONNECTIONS

I

On both four and five tube wiring dia- +B it —@@
grams no wire i1s shown jumping another | z ”\“

wire with a semi-circle. The plan shows
each wire passing across the others and
only connecting to cross wires when repre-
sented by a solid black dot. Check this
carefully with your wiring.

W e
T*B l G
| ()

fO;

The drawing at the bottomn of this page |
is of assistance in connecting up the audio
amplifying transformers as it shows the
correct polarity of the windings and should
in every case be followed out.

[14)



Adjusting the Neutrodyne Circuit

After the ‘“Neutrodyne' circuit receiver is completely wired up it must be adjusted
to neutralize the vacuum tube and stray circuit capacities before it can function properly.

The adjusting process consists of exciting the coupled receiver circuits with a strong
signal and then neutralizing the tube and circuit capacities, preventing that signal
from beng heard thru the circuits. This adjustment is one for a minimum signal or
inaudible signal, and can accordingly be made very exact, proving the neutralization of
the capacity coupling of the circuit. In that this process is carried on with the vacuum
tube filament circuits inoperative or cold, it can be readily seen that the process is one of
actual circuit capacity neutralization, and not a method of preventing or reducing
regeneration.

The balancing-out procedure as it is called, requires an external circuit made up as in
the drawing below. It consists of an inductance and a variable condenser excited by a
buzzer and coupled to the input or antenna terminal of the completed receiver. It is
usually desirable to place this adjusting circuit 10 or 15 feet away from the actual receiver
and lead a single wire over to the antenna binding post. To complete the circuit arrange-
ment a wire is run from the ground to the ground binding post of the receiver.

With the adjusting or balancing-out circuit connected as above and with the “A’ and
“B’ battery connections made as shown in the drawing on page 21, we are ready to bal-
ance out our receiver., The method is as follows:

1. Insert three UV-201-A vacuum tubes in the amplifying tube sockets and one UV-200
tube in the detector tube socket. The detector tube socket is the one, in both receivers,
directly behind the vernier rheostat. Start the buzzer of the adjusting circuit going and
then light the vacuum tube filaments by pulling out the filament switch button. See that
the power rheostat is turned as far to the left as possible. Adjust the vernier detector
tube rheostat to a point just before a decided “'sizzling’ and “frying’’ sound is heard in
the telephones which have been plugged into the ‘““phones’ telephone jack.

2. Now rotate all three *“Neutroformer” dials on the front of the panel about in step
with each other, and pick up the buzzer signals. The variable condensers of the adjusting
circuit should be placed approximately at 15 to 20 degrees, or at an approximate wave-
length setting on the scale of 250 meters. All of the receiver dials should then be care-
fully turned until the buzzer signals come in loudest. All three dials will then be found
to have about the same setting.

-TOTURNS %22 DSC WIRE

ASUTLER ON 3°0.0.FORM. |

LENGTH OF WIRING 2

WAVELENGTH RANGE-200-€00 METERS

®

| CIRCUIT PIAGRAH
ORY CELLS “FADA TYPE NE 130-A

13 PLATE VARIABLE CONDENSER NEUTRODYNE RECENVER ADJUSTMENT

Circuit diagram for adjusting the " Neutrodyne” circuit such that both vacuum tube and siray circuil capacilies are neutralized.
[15]



3. Completely remove from its socket the first radio {requency amplifier tube, On the
five tube set this is the one on the extreme left and on the four tube set it is the second
one from the left.

4, Now re-adjust all three “Neutroformer’ dials carefully until the signals again come
in at their loudest.

5. Now take the tube you removed from the first radio frequency socket and place a
smalt piece of paper over one of its filament contact pins so that it will remain in posi-
tion when the tube is again inserted in its socket,

6. Placing the tube back 1n its socket will connect the plate and grid of the tube in
circuit but will not allow i1ts filament to light as the small piece of paper over the pin
prevents contact. With the tube back again in the socket without the filament lit, signals
will undoubtedly still be heard in the phones. The strength of these signals can however
be varied from loud to weak by moving the brass tube of the first ‘‘Neutrodon” or the
one placed at the left on the baseboard. This adjustment shouid te made to a point
where the signals are very weak or disappear entirely, and ne sound is heard. Now by
entirely removing the tube from its socket signals will come in loud. Immediately re-
placing the tube in its socket {(with the paper still in place) the signals will disappear or
be very weak. Thisis the desired condition and the *'Neutrodon’’ condenser, after being
very carefully adjusted to this minimum signal point may be permanently fasten=d by
soldering the brass tube to the brass clamp in the center.

This covers the neutralizing adjustment for the first radio frequency tube., Identically
the same procedure 1s followed out with the second radio frequency tube, having all other
tubes, including the first radio frequency tube in their sockets and lighted, but putting
the paper over the contact pin of the second tube and adjusting the second ““Neutrodon™
whtle the second radio frequency tube 1s in 1ts socket and with its filament unht. In
balancing out the second radic frequency tube, the above numerical instructions can be
followed as before beginning with number 2. It is important when adjusting either
“Neutrodon’ that zall three *Neutroformer” dials should be adjusted for maximum sig-
nals belfore final ncutrahization adjustments are made.

The picture on page 17 shows the layout of the adjusting circu't in general and the
second “Neutrodon’ condenser being adjusted.

The '"“Neutrodon’ condenser, as will ke noted from the picture on page 26, has three
terminals. Ordinarnily the connections are made to the two terminals at ezch end. Some
times, however, one can not seem to obtain a good minimum signal balance in this way.
Then it is recommended that one of the connections of the ‘‘Neutroformer” be made to
the center terminal. This gives a greater capacity range to the “Neutrodon” and by
proceeding with the adjusting as above a good minimum or inaudible signal adjustment
can be obtained.

A further test to see that the circuit is properly adjusted is to try to pick up broadcasted
signals from local stations with the complete receiver hooked up and with all tubes operat-
ing as covered on page 21. By rotating the dials over the range of the recetver one should
be able to receive the hroadcasted signals without hearing beat notes, whistling, etc.,
which are the usual indications of regeneration and oscillation. If under any circumstances
these conditions prevail the entire recerver should be carefully re-adjusted, wiring sepa-
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rated o5 much ms possibale which should eliminate the trouble. If beat notes, ete., are
heard it i3 proof that the cicouit 15 not functioning according to the “Neutrodyne™ prin-
ciple and most satisfactory results cannot be obtained. The experimenter is cautioned
in particular to make sure that his receiver i3 adjusted properly and that no parasitie
disturhance 15 caused by improper neutralization of she arcuit,

A very accurate method of adjusting or neutralizing these eircuits is the one used in
the testing lnboratories of one of the commercial companies who are manufacturing
"Meutrodyne'" receivers.

This methed iz to use an cscillating circuit whose wavelength is adjustable by vanahle
coftdensers, which circuit when oscillating i3 modulated by an electricaily maintained
tuning fork system.

The home experimenter can readily construct siuch an oscillating circuit and can use
an ordinary buzzer to modulate the cdrouit and get quite satisfactory results,

The reason for using the tuning fork system is to obtain a constant tone in the ear
phones and eare should he that the buzzer
used to see that the buzzer is operating
contacts are  clean  and J smoothly.

dilimnig N e dube “Kewradpng® recmbeer daing sliusiod for aovipels meultaliiare.
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When using such a system as this to adjust the “Meutrodyne™ circuit, an added ad-
vantage is alzo gained in that as an escillating circuit is used as a test cirguit, the receiver
can be checked for prevention of oscillations very accurately and quickly beoouse if it is
oscillating, beat notes will be picked up from the test oscillating circuits.

This same check is, however, obtained a8 described above by actually listening to
broadcested signals from nearby stations, and it & recommended that the experimenter
always check his receiver in thia mannet,

Four and Five Tube Neutrodyne Receivers

Thiz booklet gives in detail constructionsl information for both four and fve tube
"Meutrodyne’ receivers.

It was felt to be the best plan to furnish information about both of these different
receiveTs 65 SOMe experimenters may desire to construct one rather than the ather,

Cenerally speaking, there will not be a great advantage in signal strength when using
the five tube set. The five tube receiver differs from the four tube in that the two radio
frequency amplifying tubes are used for radio frequency amplification only, whereas in
the four tube set one of them i3 also used simultancously as an audio frequency amplifier.

The four tube receiving set will probably be found a little harder to adjust, but when
Tunctioning properly will give very satisfactory results,

Heif o Wodogifaph of The
Joust dubw *Aruirodgne® ne-
eniwing raf, Mote thaf The
eudia fransformers are
apaced well aparr o Ihe
Bdebamid.. This reducer
thelemplh of the avring and
refures Phe cepacily of ihe
iriuil,
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Equipment Necessary for a Receiver Installation

Certain additional equipment is necessary befors one can make a complete operating
installation of a “'Neutrodyne™ radio receiver. Thess varouis instruments and parts are
listed helawr,

« One "Meutrodyne" Radio receiver,

|
2. Three Amplifying Vacuum Tubes (preferably UV.X01.A%).
3. One Dectectar Vaciim Tube (preferably TW.200),
4, One Storsge Battery {6 wolt)
5. Three "B" Batteries (45 volts cach).
6. One Telephone Head Set.
7. Twa Telephane Plugs.
8. One Loud Speaking Instrument {if desired).
9, Antenna Materials,
10; One Storage Battery Charger (if desired).

The average home user of a radio receiving set 18 not content to listen in to local and
Iong distance broadeasting programs using the telephone head set only. It's much more
fun and pleasure to bring in the speech and music loud encugh for a whole gathering of
people to hear and enjoy. In consequence the loud speaker instrument was included in

the abave list,

Th# raor e of the fre fuba ﬁnnr—im;;:lﬂumd"ll:ﬁ"



The Antenna and Ground System

The radio antenna may be likened to the “‘barrel under the rain spout’ as 1t serves to
lollect the radio energy from the air. From the antenna this energy is led down a lead-in

vire to the receiving equipment and then made over into music and speech for enter-
lainment.

The simplest and yet most satisfactory antenna for radio receiving sets consists of a
ingle strand of wire 60 to 100 feet in length, insulated at each end by an antenna insulator
Lnd supported 30 or 40 feet above the earth. From this antenna wire a lead-in wire should
be run down to a point on the outside of the building near where the receiver will be
placed on the inside of the building. A lead-in insulator, or porcelain tube as is usually
hsed, should extend thru the wall of the building or sometimes the window sill, and thru
this the lead-in wire should be run, connecting to the antenna binding post on the re-
Feiving instrument. When the outdoor antenna is used such as this, 1t 1s desirable to
connect the antenna or lightning protective device to a point on the lead-in wire just
before it enters the porcelain Jead-in tube and from the other side of the lightning pro-

tective device a wire should run directly to an outside water pipe or iron rod driven
into the ground.

The line drawing at the bottom of the page shows in general the outdoor antenna
arrangement.

The outside antenna is always recommended for use with these “Neutrodyne’ re-
ceivers. If it is desired, however, one can use an indoor antenna and obtain very good
results. Such an indoor antenna may consist of from 30 to 60 feet of insulated wire
(ordinary annunciator wire is suitable) running the length of the rooms. Care should be
taken to run the wire in as straight a line as possible (tho it may turn in going from one
room to another) directly away from the receiving equipment. The inside antenna may
also be concealed behind the picture moldings of the rooms and in this way does not
detract from the tasteful appearance of the home. Do not loop the indoor antenna
around a single room. The effective length of the antenna in every case is the “‘air line”’
distance from the receiving set to the far end of the antenna.

From the ground binding post on the receiver, a wire should run directly to a ground
connection. In the home the best inside ground connection is to attach a ground wire
securely to the cold water pipes by soldering. The ground connection is very important

werevw Cya
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Drawing showing the usual arrangement of a single wire outdoor receiving anlenra.
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and a good connection can only be secured by carefully cleaning and soldering the joint,
Again beware of acid for a soldering flux as it will cause severe corrosion and an inefficient
connection.

Connecting Up the Neutrodyne Circuit Receiver

Connecting the “A’ and “B" batteries to the ‘“Neutrodyne’ receiver is a simple task.
An enlarged drawing at the bottom of the page shows the battery connections of the
four tube home made receiver. This will make the connections practically self-explana-
tory and the five tube battery connections are arranged identically the same way.

Both the “A’ and ‘B batteries have a certain polarity, that is, there is a positive
terminal (marked 4 ) and a negative terminal (marked —) to each battery. On both
the “A” and “‘B’’ batteries the positive terminal is usually painted red or has a red
connection wire attached to it.

From the positive terminal on the “A” battery a wire should be connected directly
to the positive (+) “A” battery binding post on the front of the panel. From the other
or negative ( -) terminal of the “B’’ battery, a wire should connect directly to the nega-
tive ““A'’ battery binding post on the panel.

The *‘B” batteries are made in blocks of 45 volts each. Three of these batteries are
connected as shown in the drawing. The negative (—) and positive (4 ) terminals of
the ‘B’ batteries will be found marked in the insulated wax on the top of the batteries.
To make the series battery connections the wires should connect from the
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positive { ) terminsl of one battery to the negative { —) terminsl of the second battery,
and from the positive {4} terminal of the second battery to the negative {—) terminal
of the third battery. This will leave a positive and a negative “B" battery terminal, and
wires should connect from the negative {—) termingl] 1o the center binding post on the
receiver between the two binding posts marked 490 and + 22, and from the remaining
positive “B™ battery terminal to the binding post on the panel front marked 90,

MNow only one "B'" battery binding post on the receiver remains unconnected. A
connection wire should go from this binding post to the clip terminal (marked 2214 volts)
of the first “B" battery. The first "B" battery is the one to which the wire from the
center or negative binding post is connected.

Best results are often obtained by a detector voltage as low as 15 or as high as 35
Likewize, the amplifier voltage may be 85 low az 90 and as high as 130 volts, Trial
aloae will determine which is hest.

How to Tune Neutrodyne Radio Receivers

The “Neutrodyne'* radio receivers have many advantages over the ordinary receiver
in tuning or in selecting one station from another. This method of tuning “Meutrodyne''
receivers i much different than that used
for the ordinary receiver. Accordingly
these tuning instructions should be studied
very carefully and the manner of adjusting
thoroly underatood, otherwise the receiver
may stemingly be inefficient, the fault,
however, being with the eperator.




The procedure of tuning a ‘“‘Neutrodyne” receiver, providing antenna, ground and all
battery connections have been properly made, is as follows:

1. Insert the recommended vacuum tubes in their respective sockets and with the
power rheostat at its correct position for the type of tubes you are using, and with the
vernier rheostat knob turned to the left as far as possible, and with the plug of the loud
speaker inserted in the “horn” jack, pull out the knob of the filament switch on the panel
front, causing the three amplifier tube filaments to light.

2., Turn the vemnier rheostat knob to the right slowly. When the filament current is
turned on the first indication that the receiver 1s functioning properly will be indicated
by hearing a slight noise in the phones. As the rheostat knob is turned further to the
right this slight sensitivity indication does not increase in volume until a point near the
end of the rheostat adjustment is reached. At this point will begin a comparatively loud
“hissing’’ and “frying”’ noise which is objectionable. For the best signal reception the
rheostat should be turned back slightly to a point just before this “hissing’’ and “frying”’
starts. The coarse adjustment of the rheostat enables you to quickly adjust the rheostat
and then very accurately adjust it by using the smocoth running vernier.
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3. With detector tube at approximately its right operating point, set “Neutroformer”
dials 2 and 3 at the same dial setting. Select any particular dial setting, but as shown by
the curve at the bottom of page 23, take for instance the wavelength of station WEAF
on 492 meters. Dial settings for this particular station are approximately 66 or 67.
Setting dials 2 and 3 at this point, now rotate dial 1 very, very slowly over its entire range
from 0 to 100. If any broadcasting station is operating at the particular time on a wave-
length of 492 meters, it should be heard at a maximum when the setting of dial 1 1s approxi-
mately in the range of 10 or 15 above or below these settings of dials 2 and 3.

4. When signals from any particular broadcasting station are coming in, it is advisable
to slightly re-adjust dials 1, 2 and 3 and possibly also the vernier rheostat in order to
increase the intensity of the signals.

In tuning, the dials should not be moved faster than a few degrees per second. With either
the head telephones or loud speaker plugged in the “phone’ or ‘‘horn’ jack, it may be
found that the tuning adjustment will need to be changed slightly when shifting from one
jack to another.

Dials 2 and 3 should be rotated slowly at the same time, and about in step with each
other. Then with dials 2 and 3 on the setting for a particular station, dial 1 i1s rotate:!
until signals come in with maximum strength and clarity.

Sharpness of tuning of “Neutrodyne” circuit receivers when using short indoor antennas
1s much greater than when using an outdoor antenna and care should be taken in adjusting
the receiver, particularly dial 1, when an indoor antenna or loop is used.

In tuning, '‘Neutrodyne" circuit receivers, the broadcasting stations will not be picked
up by hearing ‘‘beat notes’’ and the usual regenerative whistling. As the dials are rotated
from division to division the program of different stations will be heard, first gradually.
then with greater intensity, and clanty as all adjustments are properly made for that
particular station.

A receiver log chart is provided on pages 29, 30 and 31 so that the various dial settings
may be recorded for different stations. As the user succeeds 1n picking up programs from
various stations, notations should be made in the log book of the call letters and dial
settings and if at a later date one desires to listen to the same station, it is merely necessary
to reset the dials to these same positions. If the particular station is operating at the given
time the signals will be heard. This is a feature possessed by practically no other radio
receiver developed up to the present minute.

The wavelength calibration curve of the Fada “One-Sixty’' neutrodyne receiver, which
uses ‘‘Neutroformers’’ practically identical with the ones furnished for home construction,
will greatly aid in tuning the four or iive tube “Neutrodyne’’ receivers.

[ 24]



Using Dry Cell Tubes With the Neutrodyne Circuit

There are several kinds of vacuum tubes on the market which can be used with dry
cells. Among these are the UV-199’s, WD-11’s, WD-12’s and the DV-6's. Such tubes
operate with a very low filament current consumption. The four and five tube “*Neutro-
dyne'' circuit receivers described in this booklet were not designed particularly to operate
with such tubes. It is recommended that wherever possible either UV-201 and UV-201-A
amplifier tubes be used together with a UV-200 detector tube.

These ‘‘Neutrodyne’ receivers will, however, function fairly well using the dry
cell tubes mentioned above. Adapters may be used to allow placing tubes in the regular
standard sockets.

The radio experimenter may find with these dry cell tubes that by varying the various
constance of the circuit, or by using a negative grid bias or “C" battery, good reception
can be had on both local and long distance stations. One should not, however, expect
the volume of signals from UV-199 tubes for instance as when using UV-201 or UV-
201-A tubes, as the current that the tube is capable of handling i1s very much smaller.

Neutrodyne Receivers and Loop Antenna Reception

For best all around results it is —

ﬂ recommended that ‘“‘Neutrodyne" H
m receivers be used with the regular
indoor or outdoor antenna from 30
to 80 feet long. This will give
maximum signal intensity and
= where the antennais erected tohave
— a directional effect, signals from

certain directions will be received with exceedingly good volume.

ST r'r' TR R

Many people, however, desire to use the smaller antenna device called a loop. The
big disadvantage of the loop method i1s the fact that it being so much smaller, it can only
collect an infinitely small amount of energy and hence requires enormous amplification in
order to bring the signals up to a point where they will operate a loud speaker.

Four and five tube ‘“Neutrodyne'’ receivers described were not primarily designed for
loop reception. Loop antennas have, however, been used with these receivers in experi-
mental work and quite satisfactory results have been obtained, Many purchasers of
commercial “Neutrodyne’ receivers on the market have, however, reported exceedingly
good results using a loop, but such good success cannot be consistently guaranteed.

For those who would like to ex-
periment with loop reception the
winng diagrams given on this page
are suggested. One may find that
one type of connection works better
than the other. This is an interest-
ing field for home experimentation.
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The Fada "Neutroformer”'

The Fada ““Meutroformer’ is the basis around
which has heen writien this constructional book-
let. It is really one of the most important paris
of Hazeliine's “Meutrodyne' circnit and needs
to be constructed accordingly.

The Fada “Neutroformers’” is made by using a
standard Fada rotary variable air condenser and
mounting on this a special radio frequency
amplilying transformer. The construction of
this transformer is such that its distributed
capacity and inductance of the windings, mutual
inductance, co-cfficient of the coupling, turn step
up ratio and mechanical dispesition of the wind-
ings are exceedingly important,
These characteristics have been ac=
curately determined after momnths
of rescarch work and are accu-
rately messured and calibrated in
the lahoratory. Before shipment
exch tronsformer is connected so o to form a closed circuit and calib-
rated for frequency such that any given three “MNeutroformers' will
funetion at practically identical dial settings for a given wavelength.

Mechanically Fada “Meutroformers™ pre given great care. The con-
denser I8 very carefully adjusted and the teansformer inductances are
wound on genuine bakelite tubing, using silk coversd wire to afford maxi-
mum insulation. Owerall dimenstons 614" x 3%{" x 314",

Mo. 163-A Fada "Meutroformer” 57.50

The Fada “Neutrodon™

The Fada “MNeutrodon' is a special variable condenser baving an ex-
eeecingly small capacity of the order of fom 1 (o 10 miera-micro fareds.
The entire adjustment of the "Neutrodyne" circuit iz focused in tnis
“heutrodan eondenser and the eondenzer shonld be one having extremely
small losses at high frequencies,  The Fada “Nevtrodon' is mounted ona
genuine bakelite XX block and consists of a special glass tubing over which
slides o brass tube, This brass tube forms a capacity to the wires between
the end terminals and inside of the glass tubing, The brazs tube may be
secured at any given adjustment by tightening down an its serew clamp,
and more permanently by saldering.

Three terminals are provided, affording three different ranges of capac-
ity in the one condenser by varying the connections to the three ter-
minals. Owverall dimensions—5'"" x 34" x 331,

164-A Fada "Neutradons" Each 51.25
[26]




Fada-Hazeltine Neutrodyne Parts

To make it most easy lor the
home experimenter to purchase
materials for eonstructing “Neu-
trodyne"” receivers, o combinaticn
package has been arranged in which
iz included three Fada-Hareltine
Mo, 163-A “"MNeutroformers'’, two
No. 164-A “Meutrodens”, and this
complete instruction book on "How
to Bulld Hazeltine's Meutrodyne
Circuit Radio Receivers",

These parts are packed in a single
cardboard earton and form the
nucleus for “MNeutrodyne™ receiver
canstruction,

One should not attempt to con-
struct “"MNeoatrodyne™ etreuit re-
celvers without uslng parts of this
kind made by componies licensed to manufacture these parts under Professor Hazel-
tine's patents. The technical details involved in designing equipment for “Neutrodyne”
receivers generally are of such anature that only companies nuthorized by Professor
Hazeltine and given complete information regarding design and development are in n
position to manulacture “"Meutrodyne" parts that will really function properly, Overall
dimensions of package —14" x 7" x 4", Shipping weight —4§ Ihs.

165-A Fada-Hazelt'ne “Neutrodyne' parts $25.00

Complete Sets of Fada Parts for Neutrodyne Receivers

In addition to the Fads *Neutroformers™ and “Neutrodons™ and the combination
packege of “Neutroformers™ and “Newtrodons, provision has been made to supply
complete knock-down ects of materials for the construction of either four or five tube
“Mentrodyne™ seta according to the instructiona in this book.

These sets of parts include every item necessary for building the receivers.  Detailed
lists with prices per item follow:

Parts for Four Tube Neutrodyne Receivers

Quantity Maierial Price
1 Fanel, Bakellte 24" = 77 0 15" drilled, machined and engraved ......_......_.. .. $1.50
1 Base-Board, Dl 24" w B x 3™, il . JIB
4 Singls Sockets, Typn 118-A. .. .. gt e £ et Bt e L i o i e g 4,00
3 Mambrodormmers, Trpe DTBEml_ . oo b cvame s ros rrmtsassaae s og e wiie 2250



Quantity Material Price
2 Neutrodons Type 164-A. . .. $ 2.50
2 Audio Transformers. . .. . . e - 12.00
1 ‘““A"’" Battery Switch. .. .. ... .. . . .. .. .75
3 Dials, Type 137-A. . .. . . 3.60
1 Rheostat, Type 121-A = . . 1.20
1 Rheostat, Type 150-A . = .= . 1.25
7 Binding Posts, Type 116-A ... . .84
1 Radio Jack, Closed Circuit. .. 75
1 Radio Jack. Three Spring Automatic 1.00

22 ft. Insul.tubing.. ........ ..... . o iy 1.76
22 ft. Wire No. 14 Tinned Capper.. .. .. ... .. .20
2 Fixed Condensers, .006 mfd.. 1.50
1 Fixed Condenaser, .0002 mfd.. .40
1 Grid Leak, 2 megohms. . . T T T .75
1 Fixed Grid Condenser .00025 mfd o L e .65
] Handbook, '"How to Build Hazeltlne s Neutrodyne Circuit Rndm Recmver: —
1 Package of Screws, Nuts, Terminals, etc. .10
Total . .. . $64.00

Parts for Five Tube Neutrodyne Receivers

Quantity Material Price
b Panel, Bakelite 26" x 7" x ;" drilled, machined and engraved . . | .. . ....%8.00
1 Base Board, Oak 26" x 6" x “,. | . o | 1.00
1 Triple Socket, Type 123-A. = . 2.70
2 Single Sockets, Type 118-A o . o 2.00
3 Neutroformers, Type 163-A = . B REEn 8 ) i m L. 22,50
2 Neutrodons, Type 164-A. . . . A R ... 2.50
2 Audio Transformers..... . . . ... | A S 12,00
1 ‘"A'’ Battery Switch. .. .. .. T s .75
3 Dials, Type 137-A. .. ... .. . o 3.60
1 Rheostat, Type 121-A. ... . . . . . .. . i 1.20
1 Rheostat, Type 150-A . .. .. P IS O (.
7 Binding Posts, Type 116-A . = o, .84~
| Radio Jack, Closed Circuit. ... .. > i .75
1 Radio Jack, Three Spring Automatic . - - 1.00

27 ft. Insul, Tubing = ... ... = .. . 2.26
27 ft. Wire No. 14 Tinned Copper o | L .25
2 Condensers, .006 mfd.. o " 3 S o . 1.50
1 Grid Leak, 2 meguhmu | | S SRR W : .75
1 Grid Leak Condenser .00025 rnfd _______ N L L | .65
1 Handbook. ''How to Build Hazeltine’s Neutrodyne Circult Radio Receivers'' —-
1 Package of Screws, Nuts, Terminals, etc.. . L me % e .10
Total. $65.60
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