Regenerative and Reflex
Recelvers

This file contributed by Kim Smith anthe Radio Electronique

RECEIVER, ONE TUBE.-A single vacuum tube may be used as a detectc
satisfactory headphone reception up to fair diané non-regenerative omgbe receive
with condenser tuning is shown ig. 1. The coil and condenser are chosen accordi
information given underCoil, Tuning, Szes Required for. A similar nonfegenerativ
receiver, but with variometer tuning is shownHig. 2. The receivers of Figs. 1 and 2
both of the single circuit variety, delivering caferable power but having little selectivity.
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Fic. 1..—('_I|_1n-Tu'bg. Single Fig. 2—0One-Tube Varicmeter
Circuit Receiver. Tuned Receiver.

Regenerative one-tube receivers are shown in Figisd4 The antenna circuit is loost
coupled in both of these types, the single cirauniingement being a too powerful radi
to allow its use with regeneration. The circuittod. 3 uses the usual tickler coil feedbe
The receiver ofig. 4 uses a plate variometer for producing feedbaabutyin the intern:
capacity of the tube. Both of these methods ofiolitg regeneration are described ur
Regeneration, Methods of Obtaining.
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Fiz, 3 —0Onpe-Tube Receiver with Fic. 4 —0One-Tube Receiver with
Tickler Coil Regeneration. Variomeler Regencration.

RECEIVER, REGENERATIVE.-This type of receiver employs regeneration in
detector stage by using any of the methods destrilmeler Regeneration, Methods of
Obtaining. The most commonly employed system uses a variaiiert winding on a rotc
mounted in one end of the coupler. The layout,ngirand specifications for such an ot
areshown.Distance Range: About 200 miles with two audigetaadded. Selectivity: Fe
Audio Amplifier: Any amplifier shown undeReceiver, Audio Amplifier for, may be adde
by connecting to wires at right hand side of diagr&onstruction: Easy to build and w
SeeRegeneration, Methods of Obtaining; alsoCoil, Tickler.
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Crperation; Falrly simple, but sequires practice for best res il Tunire
cunteal by alial &, regeneration cootrol by koeh 7, and
’f‘-‘lWU"HY contral h;imb f. The contrals for regersrs-
tion and seleclivity buth affect the {uning ard make log
ging dilficule

Featuris; With skilliul use of antenna coupling contro’ and wof re-
genetation comtrod it i possible to make this receiver
either an excellent distance getler of quite selactive a3
dumized.  With aptimum antenna coupling and maximum
puasible regetwralivn, the range may Ee a5 much ad three
o four hoodred miles under favoroble conditions

Parls Requized: Gee following fal. Numbers refer to disgram

Tuning cordenzer; capacity 1o match eoupler 5.
DHal for condenser 1 »
Croupler with varable anterna coll, vsrigble Gickber cuil, mml
Eecendary ta tiune wilh condenser 7.
- Antenna cail of cuopler 5.
Coblrol keab for antenng coil 4.
Tickler endl of coupler 3,
Conbrol knaob for tickler ooil &,
Efct:ft frnll'_]tleteu[{ur E;bt: Sayplt iz,
=il condenser for delector plate bypass; 003 mid. capacity.
Grid cordenser; 00028 mid capeeity ) Tasf
von Grd leak; Z-mepalurs resitance.
. Rbeostat for detector; 25-ohmd Felidance.
<o Aerannid terminzl post.
. Antemna berenieal et

COIL, TICKLER.-A tickler coil is a colil electrically connected ame circuit and couple
to another circuit so that energy from the ciragaitwhich the coil is connected may
introduced into the circuit to which the coil isugded. A tickler coil is used as showr
Fig. 1to secure a feedback of energy from the plateauitiaf a tube to its grid circuit fc
the purpose of causing regeneration. The tickl@drisaconnected in the plate circuit €
coupled to the grid coil of the tube.

Tickler coils may be of either the variable typetloe fixed type. The variable type, a:
Fig. 1,is mounted so that its magnetic coupling withrten coil may be changed; usu:
by rotating the tickler coil. The variable couplimgght also be changed by sliding
tickler one way or the other.
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Fic, 1. —Connection of a Tickler Coil. F

The fixed tickler coil shown iffrig. 2is not movable in relation to its main coil. Théeet
of the tickler, or its effective coupling, is theantrolled by a variable condenser or vari
resistance, thus giving a capacitive or resistanocerol of feedback and regeneration.
Regeneration, Methods of Obtaining.
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a Tickler Coil. Fic. 2—Fixed Tickler Coil.

RECEIVER, SUPER-REGENERATIVE.-The superegenerative receiver is designe:
allow maximum regeneration while automatically meting free oscillation. There ¢
several variations of the principle of super-regatien, one type being shownig. 1.

Neglecting for the present the colsandB and the condensek$ andN at the lower part «
the diagram it will be seen that the receiver igha ordinary regenerative type. Sic
energy Is collected by the loop, the loop tuningngeaccomplished by the varial
condenser. The grid coil is tuned with the variatbadenseC. Feedback of energy frc
plate circuit to grid circuit is secured by couplithe tickler coil to the grid coil.

With the parts of the circuit so far considereis ppossible for the tickler coil to couple w
the grid coil closely enough to produce regenenatitich will almost instantly build
into oscillation. Maximum amplification will be sexed just before regeneration char
into oscillation. In actual operation the receialows regeneration to start and to builc
to a point that sends great energy into the gnidudi of the tube. While regeneratior
continuing to build up, but before it changes iosxillation, the additional circuit in tl
lower part of the diagram absorbs so much powen filee grid circuit that regeneratior
completely stopped. The absorption of power is thipped and regeneration once n



starts building up.

Coils A andB together with their condensevsandN allow the tube to act as an oscilla
Coil Bis in the plate circuit and coll is in the grid circuit. The two are coupled togetbe
that continuous oscillations are generated. Thguigacy of these oscillations is determi
by the inductances of the coils and by the capmcitf the condenseid and N. The
frequency of the oscillations is made of some valbeve audibility, fifteen thousand
twenty thousand cycles being suitable values.
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Circuits of Super-Regenerative Single Tube Receiver.

The oscillation voltages are impressed on the gfithe tube so that the grid voltage
alternately positive and negative. While the gridtage is negative the regenerative ac
in the grid and tickler coils builds up rapidly aadplies the signal to the grid of the t
with great power. As soon as the oscillator voltagengs to the positive half of a cycle
grid becomes positive and absorbs power. This absarof power stops the regenera
just before it changes to oscillation. This actkeeps on as long as the receiver i
operation.

The superegenerative receiver is difficult to control, vegstical in its adjustments, a
because of the peculiar action in the grid cirdddcks selectivity. It's great advantage i
the extreme amplification possible from single tw#en audio frequency amplificatior
added it becomes necessary to place a filter tibatiween the supeegenerative tube a
the first audio frequency tube to prevent the tsoiins from coming through and be
amplified with great volume.

REGENERATION, ACTION AND PRINCIPLE OF.- Regeneration is the action
which a part of the energy from the plate circdiindube is fed back into the grid circuit
the same tube. The plate circuit energy is addéldet@nergy already in the grid circuit.

Fig. 1 shows a tube having one inductance coil in thd giicuit and another inductar
coil in the plate circuit. The energy in the plaiecuit is several times greater than
energy in the grid circuit. The grid circuit is kel the input circuit of the tube and the p
circuit is called the output circuit of the tubenelTsignal coming to the tube is introdu



into the grid circuit and the voltage changes ia #ignal cause corresponding volt
changes on the grid of the tube. These voltage gdsaon the grid control the flow
current in the plate circuit.

The strength of the output from the tube is prdpaodl to the strength of the signal inpu
the signal voltage impressed on the grid is madmger by any means, it will be follow
by a greater output in the plate circuit. Signaérsgth may be increased through m
causes outside of the receiver. For example, axgdrosignal will be received from
nearby or powerful broadcasting station than frodiséant or weak broadcasting station.

By means of regeneration the tube itself is madadease the input voltage. Fig. 2 the
two coils of Fig. 1 have been rearranged so that they are broughe tbgether. The ol
magnetic field now includes both coils. They aremled and energy from the plate co
fed back into the grid coil.
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If the grid circuit of the tube is tuned to resooarwith the frequency of the incomi
signal, as is the case in radio frequency ampdifaard in detectors, the inductive react:
and the capacitive reactance in the grid circuittradize each other and leave only
resistance of the conductors in the circuit to ggptlow of current. Were it possible
reduce this resistance to zero nothing would rertmioppose the current flow and wit
oscillating voltages were once introduced into ghie circuit they would continue to flo
indefinitely.

It is evident that the same results may be sechyeddding just enough energy to i
already in the grid circuit so that this additiorathergy overcomes the loss due
resistance. As an example, supposing the resistanibe grid circuit caused a power |
of five watts and suppose that just enough of theegircuit energy were fed into the ¢
circuit to make up for this fivevatt loss. Then the signal voltage originally brbugpto the
grid circuit would set up oscillations which wouddntinue on and on without diminishing.

It is possible to feed energy from the plate cir@aack to the grid circuit and reinforce
voltages in the grid circuit because the frequeince plate circuit is exactly the same
the frequency in the grid circuit.

After enough plate circuit energy has been fed biackust overcome the grid circ
resistance still more may be fed back to incre&segrid circuit voltages to almost &



desired extent. The power fed back from the plateuit may be made sufficient
maintain oscillations in the grid circuit withoutet belp of any outside voltage, such a
incoming signal voltage. Under such conditions tillee will maintain oscillations in i
circuits as long as the filament batteries andepladtteries hold out. The tube is t
oscillating.

As long as the grid circuit absorbs power from ith@ming signal we have regenera
with a feedback in use. But just as soon as thabfsek energy is great enough to sus
oscillation without outside help we have gone belyoggeneration and have oscillatior
the tube. The feedback energy is then able to Kbeptube's circuits in continuc
oscillation.

It is apparent that regeneration allows an excegyineak signal to be built up until it is
effective as a powerful signal. Thus regeneratincraases the sensitivity of a rece
many times. Regeneration also increases the sgtedf the receiver as may be seen fi
Fig. 3. The curve at the left side indicates the respafisereceiver to various frequenc
when the receiver is tuned to a frequency of 75@ckcles. When tuned to this frequel
the circuits have the least possible reactanc&@tkilocycles. At points below and abc
this frequency the response of the receiver witl m® so powerful because the react:
has not been eliminated by the process of tuninggonance.

The effect of regeneration is shown at the rightion 3. The frequency of 750 kilocycles
being fed back from plate circuit to grid circurichthe signal at this one frequency is t
up to great volume. Since the feedback is occurdnly at the tuned frequency otl
frequencies below and above the resonant points@réncreased in strength. Theref
the relative strength of the 750 kilocycle signahwegeneration is several times as ¢
as without regeneration. Any signals attemptingenter the receiver at other frequen
are relatively weaker under the conditions showthatight inFig. 3.
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Ta:, A—Efiect of Receneralion on Signal,

The feedback of energy from the plate circuit te tirid circuit may be made throt
inductive coupling, through capacitive couplingtbrough resistance coupling. Induci
coupling and capacitive coupling are the types gdlyeused because resistance couy
is not effective at radio frequencies. With the enoommonly used methods of obtair
regeneration an inductive coupling between twoscoil two parts of one coil is employ
Capacitive coupling through the capacity existirgween the plate and the grid inside
the tube is used in a few instances.



There is always a feedback of energy from plateudito grid circuit through the capac
between the tube's plate and grid. This capaciygldack is independent of any exte
means for additional feedback. Since the reactasfcany capacity is less at hi
frequencies than at low frequencies, the capaegylback at high frequencies will be m
greater than at low frequencies because of thiagshaf effective reactance in the tul
internal capacity.

Regeneration and oscillation occur more easilyigtt Frequencies than at low frequenc
Therefore less feedback will always be requiredptoduce regeneration at the h
frequencies or low wavelengths. Any control foreegration provides for increasing
feedback as the frequency is lowered. The lowefrdguency or the higher the waveler
the more regeneration will always be needed touywed given strength of signal in
tube's output.

REGENERATION, METHODS OF OBTAINING- It is plain that the amount

feedback must be under the control of the oper&imr strong incoming signals little or
feedback may be required while for very weak signthe maximum allowable feedb:
and the maximum regeneration must be used. Thewrdwiays a capacitive feedbs
through the plate to grid capacity of the tube #raamount of regeneration through

tube capacity varies according to the constructbrthe tube. The added means
feedback must be controlled so that the feedbaekggncombined with the energy pass
through the tube capacity will equal the desiredesded value.

Regeneration is usually applied only to the detetibe and in the following diagrai
showing the various methods of obtaining regenamathe plate of the tube is sho
connected to the primary winding of an audio frewyetransformer as would be the c
with the detector plate. If choke coil coupling resistance coupling is used in the al
amplifier following the dctector, a choke or a stance would be substituted for the ai
frequency transformer. The part of the detectocudirin which regeneration is obtair
would not be altered by this substitution.
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Fic. 1.—Regeneration Ohtained with Mavable Tickler Coil.

Tickler Coil Control.- Fig. 1 shows regeneration obtained by a tickler coil emted in th
plate circuit and coupled to the tuned coil of gnil circuit. The construction of the tick
coil unit is shown irFig. 2. The tuned winding, which is the secondary of aad&equenc
transformer, and the primary winding of this tramsfer are wound on a stationary forn
the usual way. The tickler coil is wound on a fominich rotates within the stationary for



A shaft is attached to the tickler coil form andesds through to a control knob. If -
tickler coil is small, consisting of ten turns ess, it must be placed close to the secor
coil. If the tickler is large, containing fifteen thirty turns, it may be placed farther a\
from the stationary coil.

Fui. ? —Construction of Movable
Tickler Coil Used to Cbtain
Regeneration.

As the tickler is turned to increase its couplinghe stationary coil the effective inducta
of the tuned stationary coil is increased. Theesfdhe tuning point at which the circ
becomes resonant to a certain frequency will chamigfe changes of tickler adjustme
This is a rather serious disadvantage of this mietloo obtaining regeneration since
receiver cannot be logged unless a note is matteedickler coil setting.

The tickler coil adjustment should be such thatllesion may be caused at the low
frequency or highest wavelength to be receivedsdillation cannot be obtained when
tickler coil is turned to the position of maximuroupling, it will be necessary either
increase the number of turns on the tickler or twvenit closer to the stationary coil.

The position of the tickler coil in relation to tliked coil must be such that increase
coupling between the two will increase the feedbagh increase regeneration and fine
cause oscillationlf turning the tickler coil into line with the fixa coil reduces the sigr
strength by reducing regeneration, the connectioribe tickler coil should be reversec
it should be rotated in the opposite directiomimréase regeneration.

When the axis of the tickler coil is in line withet axis of the grid coil, there is maxim
coupling between the two. If the voltages in tl&lér coil and in the grid coil are in pha
the tickler will reinforce the grid coil and thevéll be maximum regeneration. But if t
voltages in the two coils are opposite phase, the tickler coil will oppose the grid caxilc
the signal strength will be reduced.

Some tickler coils are arranged so that they magiven onehalf of a complete revolutio
starting with the axes of the two coils in line agading with them again in line. Otl
ticklers are arranged for only owmerarter of a revolution, starting with the axesight
angles and ending with them in line.

The greatest range of control will be obtained whiea tickler coil is allowed a he
revolution. With the tickler coil axis and the gidil axis in line at one extreme of rotat
the voltages will reinforce each other and therk @ maximum regeneration. With 1



tickler turned half way around, so that the twolsa@re again in line, the voltages \
oppose each other, there will be a reversed fe&dirad minimum signal strength.

If the tickler is allowed only a quarter revolutjoi is necessary that the voltages b
phase when the coil axes are in line. Minimum cmgpand minimum regeneration will
obtained with the coils at right angles but it vii# impossible to make the voltages op)
for a reversed feedback effect.

The feedback from plate circuit to grid circuitas radio frequency. This radio frequel
will not pass through the high impedance of thenpry winding in the audio transforn
or choke. Therefore, a bypass condenser is corthéigcien the line between tickler a
transformer to one of the filament terminals on thbe. This bypass should have
least .001 microfarad capacity.

Fig. 3shows the method known as reversed feedback. dingraction is exactly like th
shown inFig. 2. But now the tickler coil is placed in such a relatto the stationary cc
that its energy opposes the energy in the statyjomratuned coil. The constants of the tu
circuit are such that it normally tends to oscdladt the lowest frequency or higlr
wavelength to he received. This may he accomplislyedglsing a large primary winding
the radio frequency transformer and making the kogpbetween the primary a
secondary of this transformer very close.

Feversed “
Tickler Corl

C

Il

AN
AL
Coupler
Tuned Corecil Bypass -

Fic, 3 -—Reversed Feedback for Regeneration Control.

When the reversed tickler is in the position forxmaum coupling, its feedback effect v
be a minimum because it is opposing the voltagethentuned coil. When the rever:
tickler is at right angles to the fixed coil, regeation will be maximum because then a
the opposing effect of the reversed tickler wilVbdeen removed.

If a tickler coil used in the manner Bfg. 1is rotated to the right to increase regeners
rotating it to the left will cause it to act as eversed tickler and the system will tl
correspond téig. 3.

Resistance Control.- Fig. 4 shows control of regeneration by a variable rasst uni
placed in the tickler circuit. This unit should leaa resistance which is variable uf
50,000 ohms. Units providing still higher resistamall be equally satisfactory. The pl.



of the tube is connected directly to the primarpding of the audio frequency transforn
The resistance unit is in series with the tickleit and this tickler circuit connects to one
the filament terminals through a bypass condensemlb a capacity not less than .
microfarad.
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Fio, 4 —Variable Resistance and Fixed Tickler for Regeneration Control,

In the case oFig. 4 the coupling of the tickler to the tuned coil istvariable. The tickle
coil is wound on one end of the form that carrles $econdary, this being shownFig. 5.
The less space between the tickler winding anduhed winding the fewer tickler tur
will be required to obtain satisfactory regenematibhe number of turns and the distanc
the tickler winding from the tuned winding shoulclke it possible to obtain oscillation
the lowest frequency or highest wavelength whencibvgtrol unit is adjusted for lowe
resistance. If it is impossible to obtain Oscithatiwvhen using the least possible resiste
it will be necessary to increase the number ofgwn the tickler winding or to move tl
tickler winding closer to the tuned winding.

With resistance units giving up to 50,000 ohmstibkler coil may usually be placed
that the nearest turns of tickler and tuned winding separated by three-sixteenths to one-
quarter an inch. From ten to thirty turns will leguired on the tickler coil.

Fig. 6 shows the use of a resistance control shuntedssadtee tickler winding. Tt
construction of the tickler and the tuned coil e tsame as shown iRig. 5 and the
adjustment of tickler turns and position is the saas for the method dfig. 4. The
resistance ofig. 6 forms a bypass for the radio frequency energy fthenplate circui
The smaller the amount of resistance used in Figh® less will be the regenerat
obtained. InFig. 4 the greater the resistance, the less the regererdihe two methoc
operate equally well as controls for regeneration.
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Tickler Cuil Tur Megeneralion. Fie. 6~Fixed Tickler Control with Shunt Resistance,

Condenser Control.- In Fig. 7the regeneration is controlled by a variable cosde used ¢
a bypass for the radio frequency energy in theeptatcuit. The tickler coil should |
mounted so that its coupling with the tuned coilyrba varied. The method &fg. 2 make:
a satisfactory mounting, but any other adjustabliérnounting may be used. The varia
condenser should have a capacity of .001 microfated old style fortythree plate unit
being just right. If a smaller variable condenseused, it will be necessary to increase
number of turns on the tickler coil.
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Fui, F —Construction of Maovable

Tickler Coil U=ed to Obtain
Regeneration.

Fie. 7.—Variable Bypass Condenser for Regeneration Control.

The connections are made exactly as showrdry/. The plate of the tube is connecte:
the tickler and the other side of the tickler iswgected to the stator plates of the cor
condenser and to the primary of the audio transdorrihe rotor of the condenser
connected to either filament terminal of the tube.

When making the preliminary adjustment for the eysbfFig. 7,the condenser should
turned to maximum capacity with its plates fullynmesh. Connections to the tickler shc
then be reversed and tried both ways. The conmectwme left in the way that produ
maximum regeneration or oscillation. With the camskr still at maximum capacity t
tickler is coupled closer and closer to the fixed antil oscillation takes place. Oscillati
may then be prevented and regeneration controlfedabying the condenser. The less
condenser capacity, the less will be the regemeraind the greater the condenser cap:
the more regeneration will be obtained. If it ipmssible to obtain sufficient regenera
at the lower frequencies or higher wavelengthwijlitbe necessary to increase the coug



or the number of turns on the tickler coil

The regeneration control dfig. 8 is very similar to that ofFig. 7 and all of thi
constructional details given for Fig. 7 apply edpalell to Fig. 8. The only differenc
between the two methods is in the connections katyaéate, tickler and condenser.
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Fic. 7.—Variable Bypass Condenser for Regeneration Control.

Fig. 9 shows still another method of controlling regetierawith a variable condens
Here the tickler winding forms part of the tunedl eanding. The tickler winding shou
have a number of turns equal to about tmeth the number of turns in the tuned por
of the coil. For broadcast reception this methodrF@f. 9 is not as satisfactory as
methods of Figs/ or 8.
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Fro, 8 —Regeneration Control with Condenser in Series with Tickler.
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Fic. 9 —Condenser Control of Clese Coupled Tickler,

Link Circuit Control.- Fig. 10shows regeneration obtained through a link circotpled &
one end to the plate circuit and at the other drideogrid circuit. It is necessary to insert
additional aireore coil between the plate of the tube and theoaludquency transforme
This coil has two windings, both of the same numbfketurns, and closely coupled
winding them end to end or one over the other. Tywé&mrns on each winding will usua
be about right. If the coupling between these twadmgs is to be varied to cont
regeneration, this unit may be made of a splitoragter.

Link cireudl wilh
variabdle conlrols
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Fic. 10 —Link Circoit Control of Regeneration.

The tickler coil proper, which is coupled to thenéd coil of the grid circuit, is fixed
position as shown ifig. 5. It should consist of ten or more turns. The nunddeurns ot
the tickler and its closeness of coupling to theetlicoil are such as to allow oscillatiol
the lowest frequencies or highest wavelengths teebeived.
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Three different methods of control are showrrig. 10 although only one of them wot
be employed at any one time. As already mentionedpiossible to control regeneration
varying the coupling between the coil in the plaiteuit and the coil in the link circu
With variable coupling neither the variable resis& nor the variable condenser woulc
used.

If the variable condenser is placed in the linlcair of Fig. 1Q neither the resistance 1
the variable coupling would be used. The resistanmeld IlkeW|se be used without eitt
the variable condenser or the variable coupling.

Control of Plate Circuit.- Fig. 11shows regeneration control by limiting the enepggsing
into the grid circuit to a value low enough so tha total energy in the grid and pl
circuits of the tube, even with the feedback thfotige tube capacity, is not sufficient
allow oscillation. A variable resistance, which mbhg adjusted from about 10,000
100,000 ohms, is connected between Bhbattery or plate voltage supply unit and
primary of the radio frequency transformer. Inchegsthe resistance lessens

regeneration while lessening the resistance inese#i®e regeneration. Since this mei
acts to change the direct current voltage appbeithe plate circuit of the preceding tub
must not be allowed to interfere with passage diorérequency currents through its circ
Therefore, the resistance is bypassed with a ogeofarad condenser through which
radio frequency currents pass unhindered.
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Fic. 11 —Regeneration Control with Plate Circuit Resistance,

Fig. 12shows another method of regeneration control edgb the plate circuit of one
more radio frequency tubes. The primary of theaddiquency transformer is divided il
two parts, one part being stationary and the otieemg rotated. Rotation of the mova
part of the primary winding allows it either to etsthe stationary part, to oppose
stationary part, or to have any intermediate effé¢ith the movable part of the prims
opposing the stationary part regeneration is cu tainimum. With the two parts acti
together regeneration is maximum.
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Fu:, 12 -—Repeneration Contral with
Variable Split Primary Winding,

The split primary winding oFig. 12has been used for automatic control of regenerduty
attaching the movable part of the winding to thafsiof the tuning condenser. Mc
regeneration is always required for low frequentmes for high frequencies, conseque
the connection is made so that the two parts ofpifiary act together for maximt
regeneration at low frequencies or high wavelengths

Inefficient Methods.- The control methods shown in Figs. 1 to 12 alldficient operatiot
of the receiver since they introduce the leastiptessadded resistance and loss into the
circuits. The methods to be shown immediately feilg are classed as inefficient sii
they add considerable resistance directly or imtlyeo the grid circuit. This causes a |
of signal strength and broadens the tuning of ¢ceiver.



Fig. 13 shows the use of a variable resistance unit inodeilatory portion of the tube
grid circuit. This resistance may be a rheostaa @otentiometer used as a rheostat.
amount of resistance needed to control regeneratidnprevent oscillation depends on
size and construction of the coil and condensesp ain the wiring in the grid circu
Resistances as low as ten to twenty ohms may Ibieienf or it may be necessary to |
two or three hundred ohms.

Fig. 13also shows the use of a variable resistance bateeground connection and
antenna coil, this method being applied to thet fiobe of the receiver. This resista
should have a maximum value of 200 to 400 ohms.ofergiometer or any variak
resistance reaching this value will be satisfacttmgreasing the amount of the resiste
will reduce regeneration while reducing the resiséa will increase regeneration
produce oscillation.
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Fic. 13.—Resistances in Primary Circuit and in Grid Circuit.

Fig. 14 shows the use of a variable grid leak for contrgliregeneration. This grid le
should be constructed so that its resistance magdheced below 100,000 ohms or one-
tenth of a megohm. Reducing the resistance of titk lgak lessens regeneration wl
increasing this resistance will increase regenmmaind produce oscillation
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Fic. 14.—Variable Grid Leak Controlling Regeneration.




In Fig. 15a potentiometer is used in the grid return citcliitrning the potentiometer a
to the side connected to the negative filament iteahplaces a negative grid bias on
tube, increases regeneration and increases theerteyndto oscillate Turning tl
potentiometer arm toward the positive side prova@®sitive grid bias and allows the ¢
circuit to consume power. This reduces regenerafibis use of a potentiometer broad
the tuning and distorts the signal. It also weakbBaancoming signal
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Fres, 15 —TPatentiometer in Grid Re-
tura to Controd Begeneration.

Fig. 16 shows the use of an absorption circuit for coitrglregeneration. The absorpt
circuit consists of a coil and a variable conden$ée coil is loosely coupled to the tur
coil in the grid circuit. The absorption coil mag mounted on the grid coil form askim.
5. The coupling of the grid coil to the absorptionl should be close enough so t
oscillation may be prevented at the highest fregiesnto be received The absorption ¢
inductance and the capacity of its tuning condensest be of such values that they tun
the highest frequency or lowest wavelength to beived.
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As the regeneration control condenser is tuned raace more closely to the frequel
being received, the power absorbed from the gritbigiwill increase and regeneration \
be reduced.

Variometer Controls.- Fig. 17 shows one of the first methods used for regermratbntro
in broadcast receivers. This is known as the typtet method. A variometer is insertet
the plate circuit between the plate terminal oftiiiee and the audio frequency transfori



As the inductance of the variometer is increased, \toltages across it are incree
proportionately. The feedback is obtained through ¢apacity between the plate and
grid in the tube. This capacity is indicated inkao lines.
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Fin, 17 —Reeeneration with
late Variometler.

As the variometer's inductance is increased, tregllfack through the tube capa
increases so that additional energy is sent batk the grid circuit. Reducing tl
variometer's inductance reduces the regeneration.

Fig. 18shows the use of a plate variometer connectedparhted in the same way as
variometer inFig. 17.The grid circuit also contains a variometer whimgkictance is use
for tuning the grid circuit to the frequency bemsgeived.
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Fr 18 -——Variameters in Both Grid Cireuit and Plate Circuit,

Automatic Control of Regeneration.- Inasmuch as it is desirable to increase the amai
regeneration with decrease of the frequency bedngived, the regeneration control ma'
attached to the tuning control so that both mowgetizer. Tuning is usually done witt
variable condenser whose capacity is increasethéreception of higher wavelengths
lower frequencies. If regeneration is controlledhwa condenser, this control condel
may be connected to the tuning condenser so thdetdback is increased as tbe cap
of the tuning condenser is increased. The type®wofrol shown in Figsz, 8,9, 10,12 anc
16 are well adapted to automatic regeneration.
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Fic. 7.—Variable Bypass Condenser for Regeneration Control,
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Frc. 8—Regeneration Control with Condenser in Series with Tickler.
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Fic, 9 —Condenser Control of Close Coupled Tickler.
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Automatic regeneration is always attended with marable difficulty because of chang
introduced by altering the antenna, by using d#feértubes, by movement or any coils
by changes of any nature whatsoever in the receiver



In Figs. 7, 8, 9, and 10, increasing the capacity of the control condenssreeases tr
regeneration. Were these control condensers tmbeected to the tuning condenser
two condensers should increase their capacitiestiieg so that regeneration wo
automatically increase at the higher wavelengthdowoer frequencies. The size of
tickler coil and its coupling to the grid coil aneatters for experiment. The proper val
will differ for each circuit to which automatic regeration control is being adapted.

With the control condenser fully in mesh, at low&sguency, the tickler coil should
given just enough turns or its coupling should lz@ejust loose enough to bring the cir
to maximum regeneration while preventing oscillatidhe tuning condenser and con
condenser are then turned to their lowest capacatewhich reception is expected
oscillation occurs at this point, it will be necagsto reduce the tickler coupling, to red
the number of turns on the tickler coil, or to wseontrol condenser of lower minimi
capacity.

Regeneration with a Loop.- Feedback regeneration may be obtained in anyreogver b
the method shown ifrig. 19. The number of turns on the loop is increased albe
number ordinarily used by adding from one-fourththceefourths the original number
turns. The connection from the loop and the tumiogdenser to the grid of the first tub:
not disturbed. A tap is provided at the junctiotmeen the old and new parts of the |
winding. From this tap a connection is made tofilaenent circuit of the first tube and t
loop tuning condenser. From the outer end of tlieddurns a connection is made thro
a variable condenser to the plate terminal of fh& fube. This condenser may hav
capacity between .00025 and .0005 microfarad.
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Fii. 19.—Regeneration Applied to a Loup.

Increasing the capacity of the added regeneratodenser will increase the feedback
the regeneration. Reducing the capacity of thigleaser will lessen regeneration. It she
be mentioned that this system will cause the lappatliate sufficiently to bother neal
receivers. This system of regeneration may be atiwédhed radio frequency receivers
to superheterodyne receivers. When added to alsfeeodyne the connection from
added portion of the loop through the control corsée is made to the plate of the 1
detector tube.



Producing Regeneration in Balanced Circuits.- Various kinds of receivers are provic
with small condensers which balance the feedbadutih the plate to grid capacity of
tube with an external feedback of equal voltage dfubpposite phase. These recer
include those using the Neutrodyne, Roberts, RBaanpson and similar circuits. T
Neutrodyne, the Roberts, and the Rice are showpecsisely in Figs.20, 21 and22. In
each case the balancing condenser has been replégited variable condenser mari
"Control."
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Fic, 22 —Rice Circuit with Regenera-
tion Contral,

With this control condenser adjusted to the capaehich exactly balances the inter
capacity of the tube the receiver will be balaneed regeneration will be prevented.
soon as the control condenser is adjusted to peoeither more or less capacity than
amount required for balancing, regeneration whktplace. Increasing the capacity of
control condenser will allow the external feedb&xlbe greater than the internal feedb
Reducing the capacity of the control condenser alitiw the external feedback to be |
than the internal feedback. Regeneration will tgdace in either case. To cal
regeneration at the lower frequencies or higherelengths it is usually necessary
increase the control condenser capacity to proaidemparatively large external feedback.

It will be unnecessary to provide regeneration iorenthan one of the radio frequel
stages. The best results will be obtained by umicalg the circuit which immediate
precedes the detector, this being the second fietjaency stage.



Multiple Regeneration.- While regeneration is applied only to the detegtad circuit as -
general rule, there is no reason why it cannot laésapplied to the grid circuits of any ra
frequency tube including the one immediately folilogvthe antenna.

Systems have been designed in which variable reggéme control is applied to tl
detector grid circuit and fixed or seifixed regeneration is applied to one or more of
radio frequency stages preceding the detector. @ethod substitutes for a single ra
frequency tube two tubes having their grid circuitgarallel. The plate circuit of one
these tubes is connected through a transformereidallowing stage as usual. The p
circuit of the other tube is connected to a ticldeil in the tube's grid circuit and is 1
connected to the following stage. To be effective increasing signal strength ¢
selectivity, regeneration must be increased as r#eeived frequency is decreas
consequently no method of fixed regeneration ismafch value except at some «
frequency among all those to he handled.

One of the simplest and easiest ways of controlleggeneration and preventing oscillat
is by the use of a variable rheostat for the tubehich regeneration is desired. Any re
frequency stage in which the tube is fitted withvariable rheostat may be made
regenerate and if this system is used on two oemadio frequency stages we will hi
multiple regeneration.

REFLEXING, PRINCIPLES OF- It is possible to use a single vacuum tube for
amplification of two different frequencies at onime, this being called reflexing. T
principle is shown by the diagramking. 1. The operation of a reflex amplifier is showr
Fig. 2. The two frequencies travel as follows: High fregeye or radio frequency
introduced from the windind which is coupled with the windin@ to form a radi
frequency transformer. Voltage changes in windirage impressed on the grid of the tt
The grid circuit is completed to the filament thgbuthe bypass condens&mhich carrie:
the high frequency around the high impedance oirtrecore transformer.
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Fie. 1-=FEficet of Refexing on Amplilving Tube,

The high frequency output from the plate of theetplsses through the windiBgvhich is
coupled with windingd to make a transformer. The high frequency cir@itomplete:



through the bypass condengfrom winding 3 to the filament circuit of the tube. PI
voltage from the B-battery is applied through thieding of the right hand aicere radic
frequency transformer. The amplified high frequeappears in the winding

Still referring toFig. 2 low frequency or audio frequency is introducedtiyh the lei
hand audio frequency transformer. The audio frequenltages pass to the grid of the t
through winding2, the grid circuit being complete through the windiofy the audi
frequency iron-core transformer and windiagf the aireore radio frequency transform
Bypass condensek is of small capacity which offers a very high reace to the lo
frequency, therefore does not bypass it but foitdbrough the winding of the auc
transformer. Windin@ of the aireore radio frequency transformer is of comparagivelv
turns, has no iron core, and is therefore of loactance to the audio frequency volte
and offers practically no opposition.
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Fia. 2—Circuits of Reflexed Amplifving Tube,

The audio frequency output from the plate of tHeetpasses through windi@gf the righ
hand radio frequency transformer. The reactandhisfwinding is very low to the auc
frequency and it passes through with practicallyopposition until the right hand byp:
condenseB is reached. This condenser, being of small capaaitgrs such great reactar
that the audio frequency is forced through the wigdf the right hand iroere audi
frequency transformer. The audio frequency outpentappears in the secondary of
transformer.

Reflex receivers providevo paths for the grid voltages and two paths lfier plate curren
of all reflexed tubesOne path carries the radio frequency current. Plaith is of lov
reactance to the radio frequency and of high reaetéao audio frequency. The other |
carries audio frequency current and is of high teeame to the radio frequency. The -
paths meet in the tube and in the batteries. Tm® faequency circuit is always carri
around the windings of iron-core transformers, kKpes etc. by bypass condensers.

Reflex Receivers.- A complete singld@ube reflex receiver with crystal detector is shan
Fig. 3. Windings1, 2, 3 and 4 ofFig. 3 correspond to similarly numbered windingsFd.
2. The radio frequency output of transforn®4 passes through the crystal detector.
rectified output from the detector passes throlnghprimary of the audio transformer. ~
audio frequency output from the secondary of thdiaatransformer reaches the grid of



tube through windin@ and is amplified by the tube. The audio frequenatpot from the
plate of the tube passes through windsngnd to the jack to which is connected the spe
or headphones. Tuning is accomplished with theab##i condenser across windig
Winding 1 is in the antenna circuit. The bypass condenSdrsthese receivers are usu
of .001 microfarad capacity. The best value for thgpasses may be found
experimenting with condensers of from .00025 t@®.060crofarad capacity.
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Fic. 3—Single Tube Reflex Receiver with Crystal Detector.

Fig. 4 shows the circuits for a twinhoe reflex receiver. This receiver employs a tidvats
detector but is otherwise the same as the arrangeshEig. 3.In Fig. 3 the radio frequen
output from winding4 is carried through the crystal. Fig. 4 the output of winding} is
carried to the grid of the detector tube. The oufpom the plate of the detector tube
carried to the primary of the audio frequency tfamser, the Bbattery or plate voltag
supply for the detector being connected to therathd of this primary winding.

The outputfrom the secondary of the audio frequency tramséoris carried to the grid
the left hand amplifier tube and is amplified ati@ufrequency. From the plate circuit
this left hand tube the amplified audio frequenagges through winding to the jack jus
as inFig. 3. Tuning is accomplished by two variable condensamsg, across winding anc
the other across windirg
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Fiz, 4 —Reflex Receiver with Tulse Thetector,

A three-tube reflex receiver is shownhkig. 5. Tube numbed is the first radio frequent
tube and the second audio frequency tube. Tube eutis the second radio frequer
tube and the first audio frequency tube. Tube nunibéus carries the lightest rac
frequency load and the heaviest audio frequencg. lbatube numbe® this condition i
reversed by carrying the heaviest radio frequemay land the lightest audio freque
load. This division of load is the inverse duplaipiple devised by David Grimes. TL
number3 is the detector and is not reflexed.

In this threetube receiver tuning is done with the three vasabbndensers. Bype
condenseA may be from .002 to .005 microfarad capacity, bggags of one microfara
or even greater capacity, bypassesre of .001 microfarad capacity, and byp&sss
of .002 microfarad capacity.
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Fie, 5 —Three-Tube Reilex Receiver.

Regeneration may be applied to any reflex recedidrer in the detector circuit or in t
radio frequency tube circuits. Connections of ecktoils for regeneration are shown
broken lines irFig. 4. While only the tickler coil method is shown, anpdk of regeneratio
control may be applied to these receivers.

Reflex receivers have the advantage of savingemtimber of tubes required for a gr
amount of amplification. For example, the singlbeaueceiver ofFig. 3 consists of on
radio frequency stage, one audio frequency stadeamystal detector. The receiverrog.
4 consists of one audio frequency and one radicugeqgy stage with a tube detector.
receiver ofFig. 5, while using only three tubes, provides two radeqtiency stages a
two audio frequency stages. A crystal detector migghsubstituted for the tube detectc
Figs. 4 and 5. Reflex receivers are generally rather unstable amedmore inclined 1
oscillate than receivers using separate tubes ddiorfrequency and audio frequel
amplification.

RE-RADIATION.- The antenna of a radio receiver is supposed teivecenergy fror
passing radio waves but is not supposed to radiateend out radio frequency enei
Radiation of energy is presumed to take place toly the aerials of transmitting statio
Yet a majority of radio receivers in use are capaiflradiating energy which hampers
completely spoils the reception of other receiweithin a wide radius.

Any feedback of energy from receiver circuits whiente in an oscillating condition w
cause radiation when this feedback reaches tharmentarcuit. The antenna is tuned i
or less closely to the frequency to which the nemeis tuned and the antenna then rad
this frequency.

If the antenna of a radiating receiver sent fomly dhe frequency to which the receive
tuned, things would not be so bad. But it almostarrably sends out at least t



frequencies because of the two points of resondmae exist in coils which are qu
closely coupled. Not satisfied with radiating tweduencies the receiver will also send
harmonics of the received frequency, these harmsomieing at twice the receiv
frequency, three times the received frequency, etc.

A receiver does not radiate sufficiently to causenhunless one or more of its tubes
oscillating. The oscillating condition is broughtoat by pushing regeneration or "volur
too far so that regeneration gives way to osaifatit is fortunate that a receiver other t
a superheterodyne operated with any tubes osodlatill not give satisfactory reception
its operator. If the operator is sufficiently exipaced to recognize the cause of his
trouble, he will take steps to stop the oscillatmovided his receiver has the neces
control over oscillation. About the only type ofcesver from which radiation cannot
prevented is the superheterodyne. This is partbabse the oscillator tube, which
oscillate to operate the receiver, is coupled atrdwsctly to the antenna.

A superheterodyne operated with a loop antenna doedo a great deal of harm with
resradiation because the loop is an inefficient radiand its radiated energy travels
only a few yards in any direction. Regeneratiorthe loop of a superheterodyne or
other receiver makes this radiation reach far enough to bother at least soméne
neighbors. A superheterodyne operated with an outdotenna makes itself a nuisanc
all other receivers within a considerable distance.

Regenerative receivers, especially those of thglestircuit variety, are among the wa
offenders in the matter of madiation. Any receiver which uses regeneratiorthia tube
immediately following the antenna will radiate badly when regeneration is carried s
as to cause oscillation. A stage of radio frequearoplification which is properly balanc
and placed between the antenna and the tube usgeneration will quite effective
prevent reradiation. This is one of the chief advantages mipprly built and proper!
balanced Neutrodyne, Brownirgrake, Roberts and similar balanced receivers.vihér
these receivers are not properly balanced anddadahced they are as bad as any others.

The easiest way to locate a distant station ordihiks of a regenerative receiver is to |
the regeneration control to a point which causedlason, then to rotate the tuning di
until the carrier wave of the desired station cawsbeterodyne whistle with the oscillati
of the receiver. Regeneration may then be broubbtitaby stopping oscillation and 1
station will be received satisfactorily. But duritige process of locating the whistle,
oscillating receiver is acting as a transmitter ambiling the reception of neighb
operating their receivers near that frequency.

Whether a certain receiver radiates may be determined by a simple test withhidlp o
someone within a short distance who also has avexcd he two receivers are tuned to
same frequency, tuned to receive the same statidheasame time. The regenera
control of the receiver to be tested is then sdtsahighest point to produce maxim
regeneration. The tuning dial or dials are themedrback and forth across this settir
number of times. If the other receiver gives venatseries of whistles and squeals a:
dials are turned on the first one, the receivendpéésted is readiating and is capable
causing much interference.

Whistles and squeak heard in a receiver may otigiegher in the same receiver ol
others which are readiating. If the pitch of the whistle rises antiSavhile the tuning dial



and other controls remain unchanged, the interéerémcoming from another receiver.
if the whistle remains at exactly the same pitchil uhe receiver controls are moved
then rises and falls with movement of the contriblsydicates that the receiver being te:
is oscillating and is undoubtedly re-radiating.

The End
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