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PREFACE

RAKE'’S RADIO CYCLOPEDIA is a practical reference book

intended to bridge the gap between the radio engineer and
the radio worker by presenting useful information clearly, non-
technically and with adequacy of treatment.

The field covered is that of the action, use and construction of
devices employed in radiophone reception, together with related
subjects which form the foundation of radio practice.

The entire book is written in language easily understood by those
with no engineering or technical education. No preliminary elec-
trical or radio knowledge of any kind is assumed and each word or
term applying to this work is defined and explained in alphabetical
order.

The alphabetical arrangement has been adopted because of its
evident advantage for reference work. All subjects are treated in
detail under the noun, with cross references under each of the other
words in any phrase or term. In each article the underlying prin-
ciples are given in large type, while further explanatory details are
added in smaller type, thus making it possible for the busy reader
to obtain the more essential information in the minimum of time.
The principal object is to make any particular information immedi-
ately accessible.

Commencing with any given subject, the reader may continue on
to other related subjects through the cross references and can sup-
plement the first information by consulting the separate articles on
any words or terms not thoroughly understood, until he finally
reaches the fundamental principles of radio-electricity. Operation,
construction, testing, design and repair make up the bulk of the
material in each article with just enough theory to make clear the
reasons for all steps in the actual practice. History and biography
are omitted except in one special article.

The subject matter was selected for its value to those interested
in practical radio. For example, the builder and designer of re-
ceivers will find constant use for the sections on receivers and
amplifiers, on methods of construction, on single control, shielding
and similar matters. Service and repair men will profit from the
material on trouble location and remedy, interference, oscillators and
frequency meters, power units and subjects related directly to their
problems. Experimenters will use the working data on tubes, coils,
condensers, transformers, filters and so on. Students find their
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greatest interest in the principles of radio, in regeneration, oscilla-
tion, the action of detectors, balancing methods and other subjects
dealing with the fundamentals. The owner, dealer and set operator
will find information of direct usefulness on antennas and grounds,
eliminators, chargers, loops, speakers, etc.

The lengthy treatment given to practical problems and the some-
what abbreviated handling of some technical matters is explained
by the greater need for purely practical information by the classes
of readers just mentioned. The same need has governed the prepara-
tion of the illustrations and diagrams, numbering nearly one thou-
sand, every one of which has been especially drawn for this work to
show certain features and details of practical importance otherwise
impossible to emphasize properly. Formulas, where necessary and
useful, have been written out in words rather than in symbols. The
tables present the final results of calculations and experiments so
that the reader has the data in its most useful form.

The principal sources of the material were laboratory experiments
and the radio publications of the United States Bureau of Stand-
ards,

THE AUTHOR.



REFERENCE TABLES, FORMULAS AND GRAPHS

SUBJECTS COVERED SECTION HEADINGS
Abbreviations.......coiiieiiiiiiiiiiinnnas Abbreviations; also Symbols
Aluminum, sheet, gauge and weight...................... +...Shielding
Antenna, capacity and inductance...... Antenna, Capacity and Inductance

« , frequency and wavelength....Antenna, Fundamental Frequency
Battery, dry cell, life....c.cooeviiiiiiiiiiiiinieiinans Battery, Life of
Brass, sheet, gauge and weight................cooiiiiiiiiaes Shielding
Call letters, intermatiomal....................covntn Letters, Station Call
Capacity, resonant value....Resonance; also Meters, Frequency, Capacity
Charger, bulb, current from............ .....Charger, Battery, Bulb Type
Choke, amplifying, inductance...... Amplifier, A.F.,, Impedance Coupled

“« , amplifying, voltage...............ccuiunn.n Tube, Amplification of

“ , retarding, inductance and gap...........ciiiuiiinnnn. Coil, Choke
Circuit, A.C,, current, impedance, reactance.................. Impedance
“ , D.C., amperes, ohms, volts..............ccviivnnnnns Law, Ohm’s

% , parallel, resistance.................. Resistance, Parallel Circuit
Code, International MoOrISe...........c.vieveriuneuneicnrenoonannss Code
Coil, coupling coefficient........................ Coupling, Coefficient of
“ , design features, effect of.......................... Coil, Design of
“ , distributed capacity............. ..ot Oscillator, R.F., Uses of
% , elongation factor..............ccoociviiiiinuns Coil, Inductance of
B Inductance. ..ot it i e Coil, Inductance of
“ , inductance, frequency effect...... Coil, Inductance of; also Resist-

ance of

“ , inductance-resistance ratio..................... Coil, Resistance of
“ , optimum coupling............ooiuiiiinnninannnn Coupling, Optimum
“ , resistance, binder effect........... ..ol Binders
“ , toroid, inductance..............cunnn Coil, Closed Field, Toroid
“ , tuning, short wave..............coiviiinnn. Receiver, Short Wave
“ , tuning, turns required............ Coil, Tuning, Sizes Required for
“ , turns per centimeter length.................... Coil, Inductance of
“ , turns per inch length and cross section....... Wire, Turns per Inch’
Condenser, capacity (air, mica and paper)....... Condenser, Capacity of

“ , capacity (electrolytic)............... Condenser, Electrolytic

«“ , capacity, parallel and series.......... Condenser, Capacity of

“ , variometer tuning................ Variometer, Coupling with
Copper, sheet, gauge and weight...............ccoiiiiiiiiiins Shielding
L0703 03113 G 5 S {3 See Wire
Coupling coefficient..............c.coevvviinaen, Coupling, Coefficient of
Dielectric constants.............ccoviieevnvineennn. Constant, Dielectric
Distances, city to city.............oiiiiiiiiinn, Distance, Geographical

Drills, tap and clearance 8izes...........coceviieiaanananansanes Drilling



REFERENCE TABLES, FORMULAS AND GRAPHS

Frequency, assigned bands.............................. Channel, Radio
“ y resonant values........... ... ... . ciiiiiiiiien..n. Resonance

“ » wavelength relation...... Wavelength, Frequency Relation to
Inductance, coil, air COTE........0vuvrvernrnrnnrnsns. Coil, Inductance of
“ » COil, drom core. ... ..ottt Coil, Choke

“ » parallel and series values.................. Inductance, Self-

“ , resonant value............. Inductance; Resonance; Meters,

Frequency, Capacity
Insulating material, resistance.................... Resistance, Insulation
Kilocycles, conversion to meters..... Wavelength, Frequency Relation to
Loop, turns required.................... Loop, Design and Construction
“ , signal strength.......................... Loop, Antenna Action of
Metals, resistance...........coocvveninnennnn.. Resistance, Materials for
“ , thickness and weight............c.ociviiiiirnninnnnnes Shielding
Meters, conversion to kilocycles...... Wavelength, Frequency Relation to
Metric units, conversion of............c0ovviiiiiinnin.. . Metric System
Mileage distances, city to city.................. Distance, Geographical
Resistors, current carrying ability............................. Resistor
Resonance, capacity and inductance. .....Resonance; Meters, Frequency,
Capacity
Rheostat, resistance required.................. Rheostat, Sizes Required
Screws and bolts, dimensions................ Screws and Bolts, types of
Symbols................. 2 60000000000000000 Abbreviations; also Symbols
Thermocouple, voltage............c.ovuivnrvnennnnn.. Thermo-electricity
Thermometer scales, conversion................. Temperature, scales of
Tube, amplification factor............................. Tube, Testing of
“ , amplification, frequency effect............. Tube, Amplification of
“ , characteristics of........................ Tube, Characteristics of
“ , filament omission current................... Tube, Restoration of
“ , mutual conductance..Tube, Mutual Conductance; also Testing of
“ ,plate current.......... ... . .oeiiiiinnn... Tube, Amplification of
“ , plate impedance, resistance......... Tube, Output Resistance and
Impedance

“ , plate voltage, effective.................. Tube, Plate Voltages for
“  power inmwatts............................ Tube, Amplification of
“ , restoration voltage and time................. Tube, Restoration of
% , voltage amplification...................... Tube, Amplification of
Volume, distance and season effect...................... Range, Receiver
Wavelength, assigned bands.................co........ Channel, Radio
“ , frequency relation...... Wavelength, Frequency Relation to

“ ,Tesonant values....................iiiiinn.... Resonance

Wire, colors of COVering.....ceovveeenninnsnnennnnnnnn. Wiring, Receiver
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A

A.—A symbol for area.

A-BATTERY.—See Battery, A-.

A-BATTERY CHARGER.—See Charger, Battery.

A-BATTERY POWER UNIT.—See Power Unit, Filament
Current Types of; also Charger, Battery, Trickle Type.

ABBREVIATIONS.—Following are the abbreviations gener-
ally used in radio and in electrical work of all kinds. See also Code
and Symbols.

A.C. Alternating Current K. A constant
A.F. Audio Frequency L. Inductance; henries
Amp. Amperes L-C Inductance times capacity
A.W.G. American Wire Gauge M. Mutuai inductance
B.W.G. Birmingham Wire Gauge Mid. Microfarad of capacity
C. Capacity Mmid. Micro-microfarad of ca-
C.C.W. Counter-clockwise pacity
Cm. Centimeters Mu. Amplification constant
C.W. Clockwise P, Power; watts
C.W. Continuous Wave, also P.D. Potential difference
Clockwise Q. Quantity; ampere-hours
D.C. Direct Current R. Resistance; ohms
D.C.C. Double cotton covered R.F. Radio frequency
wire S.C.C. Single cotton covered wire
D.S.C. Double silk covered wire S.C.E. Single cotton enamel wire
D. X. Distance, reception from S.S.C. Single silk covered wire
E. Voltage; potential S.S.E. Single silk enamel wire
E.M.F. Electromotive force T. Time or period; seconds
f. Frequency; cycles V.T. Vacuum tube
h. Henries; inductance in W. Energy; watt-hours
I Amperage; current X. Reactance
I.C.W. Interrupted continuous Y. Admittance; mhos

N

waves . Impedance; ohms

ABSCISSA.—One of the horizontal lines on a graph. On this
line is measured the distance of a point, such as one of the points in
a curve, to the right or left of the vertical axis or center line of the
graph. In the graph shown on the page following the line A-B is an
abscissa. The vertical lines are called ordinates. See Graph.

ABSORPTION, DIELECTRIC.—One of the causes of energy
loss in condensers of all types. It is the part of the condenser charge
which appears to be absorbed and lost in the material of the di-
electric.

When voltage is first applied to any condenser there is a strong
rush of current. This is the charging current. Following the charg-




ABSORPTION, DIELECTRIC

ing current there is a continued flow of current which sometimes
lasts for an appreciable interval. This current which continues to
flow is comparatively small and is called the absorption current. It
represents a loss or an equivalent resistance because its energy is
absorbed by the dielectric and is not given back into the circuit
when the condenser discharges.

The amount of absorption depends on the material used as a dielectric and
on the frequency of the charging current. If the time between alternations is
long (low frequency) there will be a considerable peried during which this ab-
sorption current may flow. If the time is short (high frequency) only a little
absorption current will have time to flow into the condenser, consequently the
loss due to dielectric absorption becomes less as the frequency increases.

When a condenser is charged by a source of electrical energy it would be
desirable to have the condenser give back all of the energy upon discharge.
We would like to have the condenser act as a perfect device for storing elec-
tricity so that all energy put into the condenser might be drawn out again.
Unfortunately this is not possible.

A 8 Charging cwrent forms a charge

/ onthe condenser plates
/ AUAAG A %’Bp//@ﬁo/ﬁyﬁ _-
7 &

Absorption current acts as if”
passtng thru the dielectric-

An Abscissa, Action of Absorption and
Charging Currents.

V.

Dielectric absorption is not of great importance in tuning condensers be-
cause the frequency of the current in the radio amplifying stages is so high
that there is little time for absorption to take place.” See also Condenser,
Action of and Condenser, Losses in.

A. C.—An abbreviation for alternating current. See Current,
Alternating.

ACCEPTOR CIRCUIT.—See Circuit, Acceptor.

ACID, BATTERY.—The electrolyte or liquid used in storage
battery cells. See Battery, Storage Type.

ACOUSTICS.—The science of sound. See Sound.

ADAPTER, ANTENNA.—A device by means of which the
wires of light and power circuits may be used for an antenna. See
Antenna, Light and Power Circuit for.

ADAPTER, PHONOGRAPH.—A device by means of which
a radio loud speaker  unit may be substituted for the reproducer of
a phonograph so that sounds from the speaker unit are carried
through the sound chambers and horn of the phonograph.

ADAPTER, POWER TUBE.—A sleeve or receptacle which
fits into a socket designed for an ordinary amplifying tube, the
adapter being arranged to carry a power tube requiring greater plate



ADAPTER, SOCKET

voltage or B-battery voltage and greater grid biasing or C-battery
voltage than the tube originally used in the socket.

The power tube adapter carries prongs which make connection with the
socket contacts and also contains contacts against which rest the prongs of
the power tube so that the filament connections are completed as before. The
plate and grid circuits for the power tube are brought out through flexible
wire leads attached to the adapter. By means of these leads it is possible to
apply any necessary platé voltage and any necessary grid biasing voltage to
the power tube, thus giving this tube different plate and grid voltages than
ordinarily furnished to the other amplifying tubes through the receiver cir-
cuits.

ADAPTER, SOCKET.—A device by means of which a tube
having a base of one style may be used in a socket of a different
style or type. The more commonly used adapters are those which
allow a tube with a small base, such as a dry-cell tube, to be used
in the large base made for a storage battery tube.

Plate

/ Small bas :
arge base Qonnections made
by adapter

The Connections Through a Socket Adapter.

Since the arrangement of the contacts for grid, plate and filament connec-
tions in some dry-cell tubes is different from the arrangement in storage bat-
tery tubes, as shown in the diagram, the conductors or connections in the
adapter must cross each other and be of some length. These added pieces of
metal in the grid and plate circuits have an appreciable capacity to each
other so that undesired feedbacks are increased. This is quite noticeable in
radio frequency and detector tubes and the use of adapters in these positions
is undesirable.

ADAPTER, TUBE.—See Adapter, Socket.

ADJUSTABLE.—Another name for variable.

ADMITTANCE.—The reciprocal of the impedance in a cir-
cuit; that is, 1 divided by the impedance. Admittance is measured
in mhos and its usual symbol is “¥.” See Impedance.

AERIAL.—The words aerial and antenna are generally used as
having the same meaning. However, many favor the word “aerial”
as applying to the elevated conductors from which signals are
radiated or sent out from a transmitting station, and the word
antenna as meaning the conductors or wires which receive radio
signals. According to this usage, an aerial is used at the transmit-
ting station and an antenna is used at the receiver. See Antenna.

A. F.—An abbreviation for audio frequency. See Frequency,
Audio.

AIR.—Air is the most common dielectric, being always available.
The dielectric constant of air is unity, or 1. This dielectric constant
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of air is the basis of measurement for all other dielectric constants.

Air is a good insulator at the voltages used in radio work, one-quarter inch
of air at atmospheric pressure requiring about 10,000 volts for a spark to
break through it. The electrical properties of air as an insulator are ideal. It
has the least dielectric loss of any material.

See also Ionization, in Air.

AIR CONDENSER.—See Condenser, Dielectric of.

AIR CORE.—See Core.

ALPHABET, TELEGRAPHIC.—See Code.

ALTERNATING CURRENT.—See Current, Alternating.

ALTERNATING CURRENT POWER SUPPLY.—See
Power Unit.

ALTERNATING CURRENT RECEIVER.—See Tube,
Alternating Current Tube Type.

ALTERNATING CURRENT TUBE.—See Tube, Alternat-
ing Current Type.

ALTERNATION.—One half of one complete cycle of alter-

= nating current. The curve starting from
/\Positive . zero voltage, increasing to the maximum pos-

o Alternation iive yoltage and falling again to zero volt-
> age completes the positive alternation of one

A fe%{oen cycle. Then, from zero voltage to maximum

= negative voltage and back to zero forms the
Positive and Negative negative alternation of the cycle. See
Alternations. Cycle.

ALTERNATOR.—An electric generator producing alternating
voltages and current. See Current, Alternating.

ALUMINUM.—The metal which in importance is second only
to copper for electrical work of all kinds. The resistance of al-
uminum is about 1.6 times that of copper of equal bulk or size. Its
weight for a given bulk is about three-tenths that of copper.

Aluminum does not tarnish or corrode from the effects of dry air as does
copper but aluminum is oxidized by moisture in the air. The film found on
the surface of aluminum requires about one-half volt to break through it,
therefore positive or wiping contacts should be employed for aluminum parts
to which are carried low voltage currents from other parts touching them.
Aluminum may be soldered, though with some difficulty. For additional in-
formation see Shielding.

AMATEUR.—A person who follows the science and practice of
radio because of a liking for it and not only in a professional or
profit-seeking capacity. Radio amateurs maintain and operate their
own receiving and sending stations, being allotted the wavelengths
below those in the broadcasting bands. Amateurs should not be
confused with “novices” because the amateurs are highly expert in
their avocation and their work and development of the radio art
have been responsible for much of the advancement in this science.

AMMETER.—See Meters, Ampere and Volt.

AMPERAGE, CALCULATION OF.—See Law, Ohm’s.

AMPERE.—The practical unit for measuring the flow of electric
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current. One ampere is the rate of flow through an electric circuit
whose resistance is one ohm when the pressure is one volt. Amperes
do not measure the quantity of electricity nor the speed, but only
the volume of current flowing past a given point in the circuit in a
given time. This electrical unit corresponds to the hydraulic unit
of “gallons per minute” which likewise measures the rate or volume
of flow in a given time.

AMPERE-HOUR.—The quantity of electricity that passes
through a circuit in one hour when the rate of flow is one ampere.
The number of ampere-hours is obtained by multiplying the number
of amperes flowing by the number of hours during which the flow
continues. This unit is used principally for measuring the charge
and discharge of storage batteries.

One Ampere-hour Ampereturns

Ampere-Hour and Ampere-Turn.

AMPERE-TURN.—One complete turn of a conductor in a
coil through which one ampere is flowing. The flow in amperes
multiplied by the number of turns in the coil gives the number of
ampere-turns. The ampere-turn is a unit used to measure the
magnetic strength of a coil or magnet. The greater the number of
ampere-turns, the greater the magnetic strength.

AMPLIFICATION.—Amplification is a measure of the in-
crease in strength, either voltage or amperage or both, in a radio
signal when passed through a tube, a transformer, or other amplify-
ing device. The number of times the strength is increased- is called
the amplification ratio.

There is a difference between amplification and volume. Many seem to
think that these two words mean the same thing. Amplification means the
increase of signal voltage or current. Volume means the final result in power
delivered from the amplifier, that is, volume means loudness.

An amplifier may receive an exceedingly weak signal, say a signal of only
one-tenth volt. The amplifier may increase this signal one hundred times so
that the one-tenth volt is changed to ten volts. This is an amplification of
one hundred, which changes the incoming one-tenth volt to ten velts.

Another amplifier might have an amplification of only ten in place of one
hundred but it might receive a much stronger signal, such as a signal of one
volt. Since the amplification is ten the final result would be ten volts be-
czuse the one volt incoming signal would have been multiplied by ten. The
final voltage from this second amplifier would then be ten, the same as the
final voltage from the first amplifier which increased its signal one hundred
times.

The point is this, the first amplifier has greater amplification than the
second. In fact, since the first one amplifies one hundred times and the second
only ten times the first amplifier is ten times as powerful as the second. Vet
the volume from each amplifier is the same since the final voltage is ten in



AMPLIFICATION

both cases. The volumec is the strength of signal delivereql by .an amplifier
while amplification is the number of times that the amplifier increases the
original signal strength.

i Amplitied
Amolificd e
100t01 101
.X Amplification ( \/ Amplification
] St / '
e Jrce e Sl

The Effect of Amplification on Signal Strength.

AMPLIFICATION, AUDIO FREQUENCY.—See Ampli-
fier, Audio Frequency.

AMPLIFICATION, CASCADE.—The use of a number of
amplifying stages connected together so that the output from one
stage acts as the input for the following stage is called cascade am-
plification. Each stage further amplifies the signal from the preced-
ing stage, and such a series of amplifying units forms a cascade
amplifier. A two-stage cascade amplifier consists of two amplifying
tubes with their coupling. A three-stage cascade amplifier consists
of three amplifying tubes with their coupling. The word “cascade”

Coupling Coupling Coupling Coupling . Coupling
GOy g ) 4 M )
i -;.l |ﬂ.1” iR 111N N 4 1
Tube Tube Tube Tube Tube
2 Stage Amplifier /St Stage  2nd Stage  SrdStage

Three Stage Amplifier
A Two-Stage and a Three-Stage Cascade Amplifier.

is generally omitted and such arrangements are called simply two-
stage or three-stage amplifiers.

AMPLIFICATION, COEFFICIENT OF.—See Tube, Am-
plification of ; also Tube, Characteristics of.

AMPLIFICATION, OF COUPLING DEVICES.—Of the
many forms of coupling used in amplifiers only transformers of one
type or another may be said to have amplification in themselves.
By amplification is meant an increase of voltage.

Transformers having separate primary and secondary windings,
or auto-transformers having primary and secondary connected, have
a step-up voltage ratio when the number of turns in the secondary
winding is greater than the number of turns in the primary winding.
The incoming voltage is then increased or amplified.
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The amplification or increase of voltage in audio frequency trans-
formers is dependent on the turn ratio. A three-to-one turn ratio
audio frequency transformer will theoretically multiply the voltage
by three and the secondary voltage will be theoretically three times
as great as the primary voltage. The actual voltage amplification is
far below the turn ratio in audio frequency transformers. See Tra#ns-
former, Audio Frequency.

In radio frequency transformers of the air-core type and in all
tuned radio frequency transformers there is very little voltage am-
plification in spite of the fact that they generally have a high turn
ratio. See Transformer, Tuned Radio Frequency.

A radio frequency transformer having fifteen primary turns and forty-five
secondary turns might be expected to have a voltage ratio of three to one.
Due to leakage in the air core and to other factors affecting high frequency.
transformers of this type there is generally very little gain or even a slight
loss in voltage so that the transformer secondary voltage may not be quite as
high as the primary voltage. In a radio frequency amplifier practically all
of the amplification occurs in the tubes and little if any in the transformers.

Other forms of coupling such as capacity coupling and resistance coupling
have no amplification in themselves but on the other hand they invariably
reduce the voltage to a greater or less extent.

AMPLIFICATION, POWER.—See Amplification, Voltage
and Power.

AMPLIFICATION, RADIO FREQUENCY.—See Ampli-
fier, Radio Frequency.

AMPLIFICATION, STAGES OF.—See Amplification, Cas-
cade, also Radio, Principles of.

AMPLIFICATION, TRANSFORMER.—See Transformer,
Audio Frequency; also Transformer, Tuned Radio Frequency.

AMPLIFICATION, VOLTAGE AND POWER.—There
are two kinds of amplification, voltage amplification and power
amplification. Voltage amplification consists only of an increase in
voltage with no increase of power or even with a decrease of power.
Power is measured in watts, and watts are the product of voltage
and amperage. Therefore, if we increase the voltage with voltage
amplification while reducing the number of amperes we may reduce
the total power in spite of the amplified voltage.

In power amplification we increase the number of watts and this
is generally done by obtaining a decided gain in the number of am-
peres with a relatively small gain in voltage. Power amplification
requires the use of a vacuum tube which releases power from a B-
battery or other source of current for its plate circuit.

A vacuum tube is said to be a voltage operated device because it is
the change of voltage applied to the tube’s grid which causes the
change of current through the tube’s plate circuit. Voltage applied
to the grid controls current and power in the plate circuit.

The current released through the plate circuit of the tube flows
through a coupling transformer or other coupling device and in flow-
ing causes a voltage change across the coupling device as in Fig. 1.
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This voltage change is applied to the grid of the following tube
The voltage which is applied to the grid of the first tube thus controls
a flow of current in the plate circuit of that tube and this flow of
plate current is the means of applying a voltage to the grid of the
following tube.

When amplifying the signal by passing it through successive stages of radio
frequency or audio frequency amplification an increase of voltage is desired
from stage to stage until the last audio frequency tube is reached and then
power is called for. If an amplifier as in Fig. 2 receives say one-quarter volt
and has the ability to amplify this voltage eight times, the next stage will
receive a voliage change of eight times one-quarter, or two. If this two-volt
signal is passed through another similar stage it will multiply the two volts
by eight and deliver sixteen volts. This process is called voltage amplification

Ist: tube te%?”fg / Gred terminal

4

v

Ll
Cross primar
of trang ormgr

8 Battery

Fic. 1.—Voltage Amplification in a Transformer.
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Fi1c. 2—The Action of Voltage Amplification.

and it is the kind of amplification needed in all radio frequency amplifiers
and in all stages of audio frequency amplification except the last stage. But
when we come to the last audio stage, whose tube must operate the loud
speaker, we want power amplification as well as voltage amplification.

In the output of the last tube of the audio amplifier we want a consider-
able voltage, the maximum voltage of the power supply unit. In the
plate circuit of this last tube we also want the greatest possible amperage so
that the number of amperes times the number of volts in the plate circuit

- of the last tube will give the greatest possible number of watts or the greatest
possible power to operate the speaker.

The number which denotes the power amplification of a tube is the number
of times the output in watts from the plate circuit is greater than the input
in watts applied to the grid circuit of that tube. See Tube, Amplification of;
also Amplifier, Radio Frequency, Tuned Transformer Coupled.
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AMPLIFIER.—An amplifier is an arrangement of vacuum
tubes and coupling devices between the tubes whereby either the
voltage or the power of a radio signal is increased or amplified.
Amplifiers are of two principal types. One of them is designed to
amplify the high frequency or radio frequency voltages received
from the antenna and pass the amplified voltages on to the detector.
This is the radio frequency amplifier. The other type of amplifier
receives low frequency or audio frequency voltages from the de-
tector, amplifies these voltages and finally increases their power
before passing it on to the loud speaker. This is the audio frequency
amplifier. Both kinds are described in the following pages.

AMPLIFIER, AUDIO FREQUENCY.—The audio fre-
quency amplifier is the part of a receiver between the detector and
the loud speaker or headphones. It may consist of one or more
amplifying tubes with their interstage couplings. With two tubes
or more it is a cascade amplifier which takes the signals from the
plate circuit of the detector and after increasing their voltage and
power delivers them to the loud speaker or headphones.
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The Audio Frequency Amplifier Between Detector and Speaker.

Audio frequency amplifiers may be classed according to their
means of interstage coupling. According to this classification we
have transformer coupled amplifiers, resistance coupled amplifiers
and impedance coupled amplifiers.

Amplifiers may also be classed according to the number of ampli-
fying tubes. Some amplifiers use only one tube, forming a single
stage of amplification. The greater number use two tubes and are
called two-stage amplifiers. A few use three stages of amplification
but more than three stages of cascade audio frequency amplification
introduce distortion and other troubles which are very difficult to
control. See Radio, Principles of.

The greatest gain in voltage and power is obtained with trans-
former coupling. Next to transformer coupling comes the form of
impedance coupling which provides a step-up ratio in voltage. Fol-
lowing this comes the straight choke coil coupling while the resist-
ance coupled audio amplifier gives the least voltage amplification.
The lack of amplification in the resistance coupled amplifier is com-
pensated for to a great extent by great uniformity of amplification
at all frequencies within the audible range. In other words, the
resistance coupled amplifier produces little distortion. The imped-
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Inductance Required in Chokes.—In order to produce dis-
tortionless amplification the impedance of the choke coils or imped-
ance units must be large for reasons which will be explained.

The power in the plate circuit of a tube is divided between the internal
resistance of the tube and the external impedance which is furnished by the
choke coil. The drop of voltage across the choke is transmitted to the grid
of the following tube with but slight loss and it is this voltage applied to the
following tube’s grid which builds up the signal. The voltage drop across the
resistance in the tube is lost so far as amplification is concerned.

In actual practice it is found that with the number of ohms in the external
impedance twice as great as the tube resistance in ohms ninety per cent of the
tube’s maximum possible voltage amplification will be available for amplifica-
tion by the next tube. With a choke whose impedance is three times that of
the tube resistance we will ohtain ninety-five per cent of the possible voltage
across the choke. With a choke impedance four times that of the tube resist-
ance we will obtain ninety-seven per cent of the possible maximum voltage.

The impedance of the choke changes with frequency, becoming greater as
the frequency increases. If we start with an impedance only twice as great
as the tube resistance, the changing frequency representing the changing sounds
being amplified may cause amplification difference of between ninety per cent
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F16. 1.—The Impedance Coupled Audio Amplifier.

and one hundred per cent, which is ten per cent, a considerable distortion. If
we increase the choke impedance to three times the value of the tube resistance
the greatest change due to changes of frequency can be only the difference be-
tween ninety-five per cent and one hundred per cent, or five per cent. This,
of course, is less distortion. Now if we increase the impedance of the choke
to four times the value of the tube resistance, which gives ninety-seven per
cent of the possible voltage across the choke, the greatest change that can
occur between high and low pitched sounds is the difference between ninety-
seven per cent and one hundred per cent. This is a difference of only three
per cent between the amplification of very low frequencies and of the highest
frequencies. A difference as small as this means practically perfect amplifica-
tion.

The plate resistance of ordinary quarter-ampere amplifying tubes is in the
neighborhood of 10,000 to 12,000 ohms. If we wish an impedance in the
choke equal to three times the plate resistance in ohms we must have between
30,000 and 35,000 ohms in the choke and if we want an impedance equal to
four times the value of the tube resistance we must have an impedance of
40,000 to 50,000 ohms in the choke. This choke impedance should be figured
at the lowest frequencies to be amplified.

In most amplifiers a frequency of fifty cycles is the low limit but in some
of the better types frequencies of thirty or even twenty-five cycles are well
amplified.

The impedance of the choke coil is composed of inductive reactance due
to the choke's inductance, of capacitive reactance due to the distributed ca-
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AMPLIFIER.—An amplifier is an arrangement of vacuum
tubes and coupling devices between the tubes whereby either the
voltage or the power of a radio signal is increased or amplified.
Amplifiers are of two principal types. One of them is designed to
amplify the high frequency or radio frequency voltages received
from the antenna and pass the amplified voltages on to the detector.
This is the radio frequency amplifier. The other type of amplifier
receives low frequency or audio frequency voltages from the de-
tector, amplifies these voltages and finally increases their power
before passing it on to the loud speaker. This is the audio frequency
amplifier. Both kinds are described in the following pages.

AMPLIFIER, AUDIO FREQUENCY.—The audio f{re-
quency amplifier is the part of a receiver between the detector and
the loud speaker or headphones. It may consist of one or more
amplifying tubes with theiv interstage couplings. With two tubes
or more it is a cascade amplifier which takes the signals from the
plate circuit of the detector and after increasing their voltage and
power delivers them to the loud speaker or headphones.

Deteclor Amy é/ %er

Applitie
ube (‘0,40//,,5 7 f % e

U

—~
The Audio Frequency Amplifier Between Detector and Speaker,

Audio frequency amplifiers may be classed according to their
means of interstage coupling. According to this classification we
have transformer coupled amplifiers, resistance coupled amplifiers
and impedance coupled amplifiers.

Amplifiers may also be classed according to the number of ampli-
fying tubes. Some amplifiers use only one tube, forming a single
stage of amplification. The greater number use two tubes and are
called two-stage amplifiers. A few use three stages of amplification
but more than three stages of cascade audio frequency amplification
introduce distortion and other troubles which are very difficult to
control. See Radio, Principles of.

The greatest gain in voltage and power is obtained with trans-
former coupling. Next to transformer coupling comes the form of
impedance coupling which provides a step-up ratio in voltage. Fol-
lowing this comes the straight choke coil coupling while the resist-
ance coupled audio amplifier gives the least voltage amplification.
The lack of amplification in the resistance coupled amplifier is com-
pensated for to a great extent by great uniformity of amplification
at all frequencies within the audible range. In other words, the
resistance coupled amplifier produces little distortion. The imped-




AMPLIFIER, AUDIO FREQUENCY

ance coupled amplifier with step-up ratio gives practically the same
freedom from distortion and the straight choke coupled amplifier is
also excellent in this respect. Transformer coupled amplifiers giving
a high voltage gain may introduce considerable distortion and un-
even ampiification unless they are exceedingly well built and properly
operated.

Some audio frequency amplifiers are of the power type. The
difference between a power amplifier and an amplifier of ordinary
construction is that the power type employs tubes which are capable
of handling high plate currents and high voltages rather than only
the ninety to one hundred volts generally applied to the plate of
amplifying tubes. These power tubes deliver from twenty to one
hundred times the power in watts delivered by the ordinary tube.

An audio amplifying stage gives a greater gain in voltage and in
amplification than a radio amplifying stage but the audio amplifier
increases or amplifies all noises at audio frequencies, such as power
line noise and other kinds of local interference. Radio amplifiers
do not increase these noises to such a great extent.

Theoretically the voltage of a signal might be increased indefinitely by
passing it through many stages of voltage amplification. The voltage that
actually may be used is limited by the operating characteristics of a vacuum
tube. Any given tube working with certain voltages and loads in its plate
circuit will amplify voltages up to a certain value without distortion. That
i3, it will take care of certain voltages applied to its grid and still give a true
reproduction of these voltages in its plate circuit. But just as soon as the
maximum allowable voltage is exceeded the plate circuit no longer carries
faithful pictures of the voltage changes in the grid circuit and distortion takes
place. Thus, voltage amplification is limited by distortion. See Tube, Action
of ; also Distortion.

An audio frequency amplifier of any type may be built with two or more
stages which amplify weak signals satisfactorily but which over-amplify and
distort strong incoming signals. One of the intermediate stages may be cut
in or out of operation as described under Jacks and Switches, Uses of, or the

over-amplification may be prevented by methods described under Volume,
Control of.

Each of the principal types of audio frequency amplifiers is con-
sidered in sections immediately following. Comparative testing of
audio frequency amplifiers is described under Oscillator, Audio Fre-
quency, Uses of. See also Receiver, Audio Amplifier for.

AMPLIFIER, AUDIO FREQUENCY, BYPASS CON-
DENSERS FOR.—Audio frequency amplifiers regardless of their
type of interstage coupling are commonly constructed in such a way
that there is an additional but unwanted resistance coupling formed
by the power supply or by a common B-battery, C-battery and A-
battery used for several stages of one amplifier. Such coupling
provides a ready means for feedbacks which may introduce great
distortion. See Oscillation. This trouble may be reduced by
properly placed bypass condensers which provide separate and in- -
dividual circuits for the audio frequency currents in each stage while
allowing the direct current of the common batteries or power supply
to flow through all of the stages.
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The plate circuit of each amplifier tube is completed by connecting a by-
pass condenser of one microfarad capacity between the positive or negative
filament terminal on the tube and the connection or terminal at which the
coupling device is connected to the B-battery or plate voltage supply unit.
The audio frequency plate circuit is then completed through the plate, the
filament, the bypass condenser and the coupling device. The audio frequency
current does not pass through the B-battery or power supply where it would
find coupling with the audio frequency currents from other tubes.

A separate path for the grid voltage of the audio frequency amplifying
tubes is provided by placing a bypass condenser of one-quarter microfarad or
more between the negative filament terminal of each amplifying tube and the
grid return for that tube. The grid return may be to the negative C-battery
connection or to the battery side of the tube’s rheostat. See Return, Grid.
The connections of the plate and grid bypass condensers are shown for trans
former coupling, impedance coupling and resistance coupling.

COUPLING - TRANSFORMERS, IMPEDANCE S O BESISTANCES
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Bypass Condensers in Audio Amplifier to Reduce Feedbacks.

AMPLFIER, AUDIO FREQUENCY, CHOKE COU-
PLED.—See Amplifier, Audio Frequency, Impedance Coupled.

AMPLIFIER, AUDIO FREQUENCY, IMPEDANCE
COUPLED.—Impedance coupling, often called choke coil coupling,
places a coil of high impedance between the plate of an amplifying
tube and the B-battery or power unit which furnishes positive voltage
for the plate. The connections are shown in Fig. 1. The voltage
drop across this impedance or choke is applied through a stopping
condenser to the grid of the following tube. The principle is the
same as that used in resistance coupled amplification except that
here the means for obtaining a voltage drop is an impedance (con-
sisting of reactance and resistance) rather than a simple resistance.
The following tube is provided with a grid leak to get rid of the
surplus negative charges on its grid. See Receiver, Audio Amplifier
for.
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Inductance Required in Chokes.—In order to produce dis-
tortionless amplification the impedance of the choke coils or imped-
ance units must be large for reasons which will be explained.

The power in the plate circuit of a tube is divided between the internal
resistance of the tube and the external impedance which is furnished by the
choke coil. The drop of voltage across the choke is transmitted to the grid
of the following tube with but slight loss and it is this voltage applied to the
following tube’s grid which builds up the signal. The voltage drop across the
resistance in the tube is lost so far as amplification is concerned.

In actual practice it is found that with the number of chms in the external
impedance twice as great as the tube resistance in ohms ninety per cent of the
tube’s maximum possible voltage amplification will be available for amplifica-
tion by the next tube. With a choke whose impedance is three times that of
the tube resistance we will ohtain ninety-five per cent of the possible voltage
across the choke, With a choke impedance four times that of the tube resist-
ance we will obtain ninety-seven per cent of the possible maximum voltage.

The impedance of the choke changes with frequency, becoming greater as
the frequency increases. If we start with an impedance only twice as great
as the tube resistance, the changing frequency representing the changing sounds
being amplified may cause amplification difference of between ninety per cent
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Fic. 1.—The Impedance Coupled Audio Amplifier.

and one hundred per cent, which is ten per cent, a considerable distortion. If
we increase the choke impedance to three times the value of the tube resistance
the greatest change due to changes of frequency can be only the difference be-
tween ninety-five per cent and one hundred per cent, or five per cent. This,
of course, is less distortion. Now if we increase the impedance of the choke
to four times the value of the tube resistance, which gives ninety-seven per
cent of the possible voltage across the choke, the greatest change that can
occur between high and low pitched sounds is the difference between ninety-
seven per cent and one hundred per cent. This is a difference of only three
per cent between the amplification of very low frequencies and of the highest
frequencies. A difference as small as this means practically perfect amplifica-
tion.

The plate resistance of ordinary quarter-ampere amplifying tubes is in the
neighborhood of 10,000 to 12,000 ohms. If we wish an impedance in the
choke equal to three times the plate resistance in ohms we must have between
30,000 and 35,000 ohms in the choke and if we want an impedance equal to
four times the value of the tube resistance we must have an impedance of
40,000 to 50,000 ohms in the choke. This choke impedance should be figured
at the lowest frequencies to be amplified.

In most amplifiers a frequency of fifty cycles is the low limit but in some
of the better types frequencies of thirty or even twenty-five cycles are well
amplified.

The impedance of the choke coil is composed of inductive reactance due
to the choke’s inductance, of capacitive reactance due to the distributed ca-
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pacity of the choke’s winding, and of resistance in the wire of the choke
winding. The inductance is the chief factor in this impedance. The dis-
tributed capacity reduces the useful impedance and the wire resistance helps
the useful impedance provided this wire resistance is not so large that it greatly
reduces flow of current in the plate circuit. The effect of the wire’s resistance
is the same at all frequencies. The useful effect of the inductance increases
with increase of frequency and the harmful effect of the distributed capacity
also increases with increase of frequency.

The ideal choke would consist of pure inductance, without either distributed
capacity or resistance. Some of the well built chokes come reasonably close
to this ideal while some of the poorer coupling chokes come far from it.

The lower the internal resistance or plate resistance of the tube the less im-
pedance is required in the choke to produce satisfactory and uniform amplifi-
cation of all frequencies. The plate resistance of any tube may be lowered
by increasing the plate voltage. But no amount of voltage that safcly may be
applied to a small dry-cell tube will make it the equal of a real power tube.
Under most favorable operating conditions the smallest tubes have plate re-
sistances around 15,000 ohms. The ordinary voltage amplifying tubes have
plate resistances around 11,000 ohms while power tubes have plate resistances
as low as 2,000 ohms in some cases. .

The following table shows the inductance in henries required to
provide various degrees of uniformity in amplification of sounds
having minimum frequencies of twenty-five cycles and of fifty
cycles when using tubes having plate resistances of 2000 ohms, 5000
ohms and 10,000 ohms. The great saving in choke size when using
power tubes is shown very clearly. The table assumes that the
chokes are formed of pure inductance, the capacity and resistance
being neglected.

Inductances in henries are given at the intersections of the lines for plate re-
sistance and the columns for percentage of uniformity in amplification. See
also Distortion.

Inpuctances Requirep N ImpeEpance CourLing ColLs

Lowest Note—25-cycle Frequency|Lowest Note—50-cycle Frequency
Tube Plate

Resistance

in Ohms 90% 95% 97% 90% 95% 97%
Uniformity|Uniformity\Uniformity| Uniformity \Uniformity| Uniformity

2,000 25 38 50 13 17 25
5,000 65 95 125 31 42 63
10,000 125 190 250 63 84 125

Condensers and Grid Leaks.—When considering the stopping
condenser used between the plate of one tube and the grid of the
following tube it must be remembered that this condenser has re-
actance to the alternating or audio frequency current which must
pass through it to reach the grid of the next tube. The stopping
condenser should have very low reactance because the lower its
reactance the less voltage will be lost in getting through the con-
denser. This means that the condenser must be of large capacity,
at least one-tenth microfarad. This stopping condenser must also
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have very high resistance, that is, it must be made with a dielectric
which is a good insulator. If the insulation allows any appreciable
leakage some of the positive voltage from the preceding plate circuit
will be applied to the grid of the following tube and this positive
voltage on the grid will cause much distortion.

The next thing to consider is the grid leak. Because the reactance
of the stopping condenser is very low, the grid leak is practically in
parallel with the impedance of the choke. If the grid leak is of too
low resistance it will reduce the effective impedance of the choke
since it will place a comparatively low resistance in parallel with
the choke. But, on the other hand, if the grid leak is of too high re-
sistance the accumulation of negative charges on the grid will not
leak off fast enough and the tube will block. The accumulated
negative charges will force the grid voltage so far negative that

+ Bt B+
YA-cr c- & Blo
O O

Fic. 2.—Three-Stage Impedance Amplifier Starting with the Detector.

plate current is prevented from flowing. As a general rule a grid
leak of between one-quarter and one-half megohm is about right.
See Leak, Grid. The same values of C-battery or biasing voltage
are required with choke coupling as with any other form of coupling.

Construction of Amplifier.—The layout, connections and values
of all units in a three-stage choke coupled amplifier are shown in
Fig. 2. This covers all of the amplifier between the detector tube
and the loud speaker terminals. The stopping condensers are shown
as .005 to .01 microfarad capacity. Better results will be obtained
in amplifying the low notes with still larger capacity stopping
condensers. Grid leaks in the first two stages should be one-
half megohm and in the last stage one-quarter megohm.

The choke or impedance coupled amplifier requires no higher B-
battery or plate voltages than are used with transformer coupling,
that is, for tubes of the 201-A type ninety volts is generally sufficient.
For power tubes the plate voltage is 120, 150 or more volts. See
also Receiver, Audio Amplifier for. '
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1t is possible to utilize chokes or impedances which were not originally in-
tended for this class of work. For example, the primary of an ordinary audie
frequency amplifier will form a fairly satisfactory choke. The secondary ter-
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Fic. 3—Transformer Primary as Coupling Choke in Impcdance Amplificr.

minals are left unconnccted as shown in Fig. 3. All other connections and
values would be the same as when using a regular coupling choke. Make-
shift chokes will seldom if ever give satisfactory amplification of low notes.
Testing of impedance coupled amplifiers is described under Oscillator, Audio
Frequency, Uses of.

AMPLIFIER, AUDIO FREQUENCY, IMPEDANCE
(STEP-UP TYPE).—The type of impedance coupled amplifier
which uses chokes having a single winding without taps cannot be
made to give a step-up ratio of voltage in the coupling unit. A
modified form of impedance amplifier is provided with a tap in the
winding so that a voltage ratio as high as one and one-half to one or
even two to one may be obtained. Both a circuit diagram and a
construction layout with all connections and correct values for all
units are shown in Figs. 1 and 2.
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Fic. 1 —Circuits of Step-Up Impedance Coupled Amplifier.

One end of the impedance coil is connected through a stopping
condenser to the grid of the following tube. The other end of the
coil is connected to the B-battery or plate supply unit. The tap is
connected to the plate of the preceding tube. Such an arrangement
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gives considerably more amplification than an ordinary choke
coupled amplifier and gives decidedly more amplification than a
resistance coupled amplifier. The quality of reproduction is equal
to the better types of resistance coupled or choke coupled amplifiers.
The amplification is practically uniform throughout the entire audio
frequency range starting at twenty-five cycles,

Large capacity stopping condensers will give better amplification of the low
notes but it is unnecessary to use anything larger than one microfarad. In
most amplifiers of this type one:quarter microfarad is the smallest size which
will allow proper amplification of low frequencies, The cases of these stopping
condensers should not be grounded, neither should they be connected to each
other nor to any other metal parts such as brackets and shields. There is but
little gain in the percentage of amplification by using stopping condensers
larger than one-quarter microfarad capacity. Using stopping condensers as
small as one-eighth microfarad shows some reduction in amplification while
condensers as small as .06 microfarad reduce the amplification to less than half
its maximum possible value.

INPUT FROM
RECEIVER

TO STOPPING
CONDENSER

CONNECTION OF JACK

F1c. 2.—Layout of Step-Up Impedance Amplifier.

These tapped impedance amplifiers which give a step-up voltage ratio can-
not be used with high Mu tubes. When such tubes are employed these im-
pedances should be used as straight choke coupling by disregarding the tap
terminal to which the plate lead of the preceding tube would normally be con-
nected. The plate lead of this preceding tube is then connected to the same
terminal of the impedance to which is connected one side of the stopping con-
denser.

Using a grid leak of comparatively small resistance will increase the volume
limit although there will be a slight loss in uniformity of amplification. One-
quarter megohm leaks are about right for all stages except the last, which may
have a one-tenth megohm leak. .

Chokes and impedances used for coupling cannot be reflexed because the
primary and secondary circuits are not electrically insulated from each other
as in a transformer having insulated primary and secondary windings. See
also Receiver, Audio Amplifier for.

AMPLIFIER, AUDIO FREQUENCY, IMPEDANCE,
DOUBLE TYPE.—The double impedance audio amplifier
uses an impedance, an iron-cored choke coil, in the plate circuit of

one tube, a second similar impedance in the grid circuit of the fol-
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lowing tube and couples the two circuits through a condenser. The
connections for such an amplifier are shown in Fig. 1.

The capacity of the coupling condenser depends on whether it is desired
to tune the grid circuit at some low frequency. Increased amplification at or
near any desired frequency may be obtained by selecting values of reactances
for the grid choke and coupling condenser which together produce a resonant
circuit at the frequency chosen. The resonant frequency is determined from
the following formula:

Cycles at _ ¢ 93 « 1,000

Resonance

microfarads in x henrys in
grid choke

coupling condenser

|

. It
Fic. 1.—Double Impedance Amplifier. F1c. 2—Double Impedance

Windings.

The following table, at the intersection of columns of capacity and lines
of inductance, shows the approximate frequency of resonance for commonly
used values of inductance and capacity:

ResoNANT FreQUENcY IN CycLeEs ForR TunEp DousLE IMPEDANCE

e Capacity in Microfarads of Coupling Condenser

Grid Choke
in Henrys

0.0075 | 0.01 | 0.012 | 0.015 | 0.02 | 0.03 0.05 0.1

150 150 130 118 106 92 75 58 41
200 130 113 103 92 80 65 50 36
250 116 101 92 64 71 58 45 32
300 106 92 84 75 65 53 41 29

The effect of tuning the coupling circuit to a given frequency is to raise
the amplification curve rather sharply at this point., A sharp rise results
from low impedance in the tuned circuit. The resonant peak may be broad-
ened by inserting an adjustable resistor between the grid choke and the grid
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bias connection. The maximum value of this resistor should be about
5000 ohms.

The two impedances have no intentional coupling, either electromagnetic or
electrostatic, other than that through the coupling condenser. They may be
wound on separate cores and enclosed in separate cases, they may be wound
on separate cores within a single case or they may be wound on the two outer
legs of a “figure 8” core as in Fig. 2. This type of coupling provides a path
of low direct current resistance between the grid and filament circuit of the
second tube and blocking is prevented by the ease with which excess negative
charges flow away from the grid. The impedance in the grid circuit is high
due to an inductance of from 150 to 250 henrys. This high impedance insures
the application of suitable alternating current voltages to the grid. The
inductance of the plate choke is generally higher than that for the grid choke
so that the preceding tube may work to advantage and produce a considerable
rise and fall of voltage across the plate impedance. These voltage variations
are applied to the following grid circuit through the coupling condenser.

AMPLIFIER, AUDIO FREQUENCY, POWER TYPE.
—A power amplifier, as generally constructed, consists of one or
more stages of audio frequency amplification, including the output
stage. together with filament supply for all tubes in the amplifier
and high voltage plate current supply for all tubes, both in the am-
plifier and the connected receiver. In addition, a power amplifier
often furnishes field current for the operation of dynamic loud
speakers. These amplifiers are used with radio receivers and also
with phonographs as described under Amplifier, Phonograph Type.

A power amplifier may ‘be attached to any existing receiver, taking the
place of the last audio frequency stage in the receiver in all cases and in some
arrangements, replacing the entire audio frequency amplifier and coupling
directly to the detector tube of the receiver.

Since practically all receivers as originally built have at least a small power
tube in their output stage, the power amplifiers are found to embody one
of the larger sizes of power tubes or else to embody a push-pull stage of
amplification using any type of power tube. See also Amplifier, Audio Fre-
quency, Push-Pull Type.

In using amplifiers capable of delivering one watt or more of undistorted
power from the output stage, it is essential that the power tube grid circuits
be operated with sufficient voltage to obtain worth while results. In the
design of such units it is assumed that the detector is capable of delivering
from one-tenth to one-half volt in the primary of the coupling unit which
follows: If the detector output is less, it should be increased by using more
radio frequency amplification.

Such complete outfits are shown in Figs. 1 to 4. Figs. 1 and 2
both show the same amplifier, Fig. 1 being a circuit diagram and
Fig. 2 a typical layout using the same parts. Figs. 3 and 4 both
show a second type of amplifier, Fig. 3 being a circuit diagram and
Fig. 4 a layout of the parts.

With a few exceptions the two outfits are alike. The amplifier
of Figs. 1 and 2 uses a full-wave rectifying tube, uses resistances
for the entire control of plate voltages and uses a transformer for
coupling the power tube to the loud speaker. The amplifier of
Fig. 3 and 4 uses a half-wave rectifying tube, uses a voltage regulat-

ing tube for the control of one plate voltage and uses a combina-
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tion of choke and condenser for coupling the power tube to the
speaker.

An examination of Figs. 1 and 3 will show that the portion of the
outfit above the horizontal broken line is simply a power amplifier
consisting of the power tube with its input and output couplings.
The portions of both outfits below the horizontal broken lines are
nothing more than plate voltage supply units employing a power
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Fic. 1—Complete Power Amplifier with Full Wave Rectifier.

transformer with additional windings for lighting the tube filaments.
Any power amplifier might be thus connected to any plate supply.

Again looking at Figs. 1 and 3 it will be seen that the entire
power transformer is at the left hand side of the vertical broken
lines in each case. Each transformer has a single primary winding
and three secondary windings. One of the secondaries furnishes
the high voltage which is rectified and filtered for plate voltage.



AMPLIFIER, AUDIO FREQUENCY, POWER TYPE

Another of the secondaries lights the filament of the rectifying tube.
The third secondary lights the filament of the power tube.

Three separate transformers might be used just as the one large
transformer with its three secondary windings. The high voltage
might be supplied from a transformer designed for a unit giving
only plate voltage supply. The filament lighting might be handled
with separate small transformers suited for this work. Of course
it would not be possible to follow the exact connections of Fig. 3
unless the filament transformers had center taps, but the same re-
sult may be had with the use of a potentiometer across a secondary
as shown in Fig. 1.

The chokes and condensers in the filter are the same as similar units used
in any type of plate voltage supply unit. The values of the voltage regulating

F16. 2—Layout for Power Amplifier with Full Wave Rectifier.

resistances between the plate voltage terminals will be determined by the
characteristics of the power transformer and the rectifier tube. The bypass
condensers placed across the regulating resistances may all be of one micro-
farad capacity.

The terminal marked “Plate” on the amplifier unit is connected to the plate
terminal of the first or second audio frequency amplifying tube in the receiver
to be used with the amplifier. This connection may also be made to the plate
terminal of the detector tube, but with a considerable reduction in volume.
The loud speaker is connected to the two terminals marked “Speaker”
in the diagrams.

The A-battery is left connected to the filament circuits of the receiver as
usual, since no filament current for the tubes in the receiver is furnished by
the power amplifier unit. The B-battery terminals of the receiver are con-
nected to the plate voltage terminals of the power amplifier unit. There are
two of these terminals provided, one for the detector plate voltage and the
other for the radio frequency and audic frequency amplifier tubes of the
receiver.
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The negative terminal of the A-battery is connected to the power unit
terminal marked “4—B—. A negative biasing voltage for the receiver’s
audio amplifying tubes is provided from the amplifier unit terminal marked
“C—2» The terminal marked “C-—” on the receiver is connected to this
terminal of the amplifier unit. The resistance between the “4—B—"" terminal
and the “C—” terminal is made variable so that any needed biasing voltage
may be obtained. A variable resistor adjustable between 1000 and 2000 ohms
will be satisfactory at this point.
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Fic. 3.—Complete Power Amplifier with Half Wave Rectifier.

The amplifier unit thus connected does away with the need of any B-
batteries or any C-batteries for the receiver as well as for the power unit.
The only addifional unit required is an A-battery or filament power unit
furnishing filament current to the radio frequency amplifying tubes, the de-
tector tube and the audio frequency amplifying tubes in the receiver to which
the amplifier unit is attached.

These circuits and layouts illustrate two of the combinations which may be
made up from the several units entering into power amplifiers of the self-
contained type. The possibilities of designing other arrangements to be built
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from standard apparatus are almost limitless and the constructor may easily
choose such parts as meet the needs of certain installations, then combine them
into compact units along the general lines shown here.

In the layouts shown by Figs. 2 and 4 the apparatus is distributed over a
larger space than need be used when space is at a premium. With properly
built and shielded parts it is possible to place the transformers, chokes and
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F1c. 4—Layout for Power Amplifier with Half Wave Rectifier.

filter condensers so close together that their cases touch one another. It is
best to allow at least two inches separation between parts entering into the
audio amplifier stage and the parts entering into the construction of the power
unit, or shielding may be used in the position shown by the horizontal broken
lines in Figs. 1 and 3 to avoid the picking up of alternating current hum by
the amplifier. -

AMPLIFIER, AUDIO FREQUENCY, PUSH-PULL
TYPE.—A push-pull amplifier is one in which grid voltage
changes are applied simultaneously to two tubes so connected that
increasing grid voltage on one tube is accompanied by decreasing
grid voltage on the other. The resulting plate current changes,
which are opposite in direction for the two tubes, are passed through
an output coupling device in such a way that their effects add to-
gether. One tube tends to push plate current through the coupler
while the other tube tends to pull it through in the same direction,
this action accounting for the name of the amplifier.

The circuits of the special transformers and the tubes are shown
in Fig. 1. The input transformer includes a primary winding which
is connected to the plate circuit of one stage of ordinary audio am-
plification. This input transformer uses a split secondary winding
having a grid terminal at each end and a tap used as a common fila-
ment terminal at the electrical center. This center tap is connected
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INTER STAGE
SOCKET rmn  TRANS SOcHET
Foanse /o5 1K SOUN |ovrour TRANSE
g i ¥ P o
B+ e = X Y
- 2 il 5 ] T LOUD
’ ruare ) / : SPEAKER
TO ONE T 1A Y- 2 S ® = '
Stace Avio |13 QR socke 15 MY 9901 .'
FREQ. AMP “BAT I % :
BAT T4
6Vvorr e
A-BAT.| I3\ A 3
G2\, HEOSTAT =
RHEOSTAT RHEOSTA GROOND

Fic. 3.—Two Stages of Push-Pull Amplification.



AMPLIFIER, AUDIO FREQUENCY, PUSH-PULL TYPE

through a C-battery to the filaments of the tubes in the usual way.
The two grid terminals are connected to the grids of the two tubes.

The output transformer has a split primary winding with plate
terminals at its two ends and a B-battery terminal brought out from
the electrical center of the primary winding. This output trans-
former has a single secondary winding which is connected to the
speaker.

In the double secondary of the input transformer we have a drop
of voltage at one of the grid terminals at the same time we have a
rise of voltage at the other grid terminal. Since both parts of the
secondary are coupled to the same primary in the transformer, rise
and fall of plate current fed into the primary causes rise and fall of
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Fic. 4—Separate Transformers Arranged for Push-pull Amplification.

voltage in the split secondary. Considering either terminal of the
secondary, we first get a rise of voltage which is accompanied by a
fall of voltage at the other end; then get a fall of voltage accom-
panied by a rise at the other end.

This action first lowers the voltage on one grid terminal and then
lowers it on the other grid terminal. The grid voltage of one tube
drops during one half the signal wave while during the other half of
the wave the grid voltage of this tube rises. The grid voltage rise
and fall in the second tube is always opposite to the rise and fall in
the first one.
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The outputs from the plates of the two tubes combine in the split
primary of the output transformer and their combined effect passes
to the output transformer’s secondary.

All of the connections and the most suitable values for all parts in
the construction of a push-pull amplifier are shown in Fig. 2. It is
also possible to use two stages of push-pull amplification by employ-
ing an interstage transformer according to the layout shown in Fig. 3.

The action of a push-pull amplifier may be understood from Figs. 4 and
5. In Fig. 4 are shown two amplifying tubes, each connected to its own
separate input transformer and output transformer. The varying plate cur-
rent from a preceding tube is assumed to flow in the direction of the arrows
through the primary sides of both input transformers. Since this current
flows through both transformers in the same direction, the voltages in their
secondary windings will be similar, both windings being positive at the top
and negative at the bottom for the instant being considered. The top of the
upper input transformer is connected to the grid of its tube, while the bottom
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F16. 5—Transformers Combined in Push-pull Amplifier.

of the lower input transformer is connected to the grid of the lower tube.
Thus, the grid of the upper tube is being made more positive in voltage
while the grid of the lower tube is becoming more negative.

Making the grid of a tube more positive will increase the flow of plate
current through that tube, while making the grid more negative will decrease
the plate current. Therefore, in the upper tube, the plate current is flowing
toward the plate at an increasing rate as shown by the arrow. At the same
time, the plate current of the lower tube is decreasing and in effect is flowing
away from the plate as indicated. Because the connections to the primary
side of the lower output transformer ate reversed from those to the upper
output transformer, current flow is from bottom to top in both transformers.
This flow of current in the primary windings will cause voltages in the output
transformer secondary windings which act together and the two secondary
windings will add their effects since they are connected together.

It will be realized that the effect of plate current change in the upper output
transformer is added to the effect of current change in the lower output trans-
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former. The effort of one tube in increasing its plate current is added to
the effort of the other in decreasing the current.

The two B-batteries of Fig. 4 may be replaced with a single battery, and
since one end of each output transformer primary goes to the battery, these
ends may be joined. Similarly, one end of each input transformer secondary
goes to the tube filament circuit and since both filaments would operate from
a single supply, these secondary ends may be joined. With the one winding
of each of the transformers joined to the similar winding of its mate, the
remaining windings might as well be joined with the result shown in Fig. 5.
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F1c. 6.—Combining of Signals in Push-pull Amplifier.

This diagram shows the center-tapped secondary winding of the single input
transformer and the center-tapped primary winding of the single output trans-
former ordinarily employed for push-pull amplification.

In Fig. 6 is shown the effect of the two tubes working together. The
signal voltage changes applied to the grids are indicated at the bottom, below
the curve showing the relation between grid voltage and plate current. The
voltage applied to one tube is shown in a full line and that for the other
tube in a broken line. It is seen that these two voltages are equal in value
but opposite in polarity or phase. The resulting plate current changes are
shown at the right of the curve. The plate current changes, like the grid
voltage changes, are equal and opposite. It will be recalled from the preceding
explanation that there is a reversal of winding connection in one part of the
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output transformer. This reversal has the effect of reversing the effect of
one tube’s plate current change so that the full line curve and the broken line
curve add their effects with the result of a much greater total change as
shown at the extreme right hand side of Fig. 6.

Because of the compensating action of the two tubes, conditions which would
cause either one alone to distort will balance out and leave true reproduc-
tion of input voltages. In the section on Distortion it is shown that a positive
grid voltage will cut off one side of the signal, while too great a negative
grid voltage will result in cutting off the other side of the signal. Incor-
rect grid bias will result in these conditions and they will be also brought about
by a signal strong enough to swing the grid voltage too far either way.
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Fic. 7—Elimination of Distortion in Push-pull Operation.

In Fig. 7 is shown the effect of applying the grid voltages on a part of
the grid voltage-plate current curve that causes each tube to distort. For an
equal applied grid voltage the decrease in plate current is much less than
the corresponding increase as shown at a. The output transformer connection
serves to make the current changes assist each other, in effect reversing one
of them as at b. The combined effects produce the greater change at c. Here
it is found that the large change of the broken line curve at b is combined
with the smaller change of the full line curve to produce the first half of
curve ¢, while the large change of the full line curve combines with the
smaller one of the broken line curve to produce the second half of curve c.
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The result is that both parts of curve ¢ are alike in extent and two distorted
results have been combined into one which is free from distortion.

The total voltage developed across the secondary of the input transformer
in Fig. 5 is applied to the two tubes together, consequently each tube is
acted upon by half the transformer voltage. For this reason, a push-pull
amplifier requires twice the input grid voltage required by a single tube of
the same type if the push-pull arrangement is to show an advantage over a
single tube in volume of output.

Under the heading of Bias, Grid it is shown in Fig. 3 that too great a nega-
tive bias on a single tube will result in distortion. From the explanation of
Fig. 7 given here it is shown that such a negative bias will not cause distor-
tion with a push-pull arrangement. The greater the negative bias the greater
the grid voltage which may be handled without causing the grid to become
positive at times and with push-pull amplification it is possible to use more
than twice the amount of negative bias allowable for a single tube. There-
fore, a push-pull amplifier using a given type of tube will handle more than
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Fi16. 8—Remedies for Incorrect Fic. 9.—Output Choke for Push-pull
Design. Amplifier.

twice the incoming voltage that may be applied to a single tube of the same
kind.

Provided that the coupling transformers are correctly designed, that the
wiring is correctly laid out, and that the two tubes have identical operating
characteristics, push-pull amplification will be without distortion even with
very large applied grid voltages. If any of these conditions are not satisfied
there will be a form of distortion. It may be evidenced in the production
of harmonics, in audio frequency oscillation, or in failure to produce plate
current changes which correspond in maximum value to the applied grid volt-
ages. With poorly designed transformers or unsymmetrical wiring it may be
necessary to place small (0.00025 mfd.) bypass condensers or adjustable re-
sistors across one or the other halves of the input transformer secondary as
in Fig. 8. It may also be necessary to place a ten-henry choke coil or a
50,000-ohm resistor in the line connected to the input transformer secondary
center tap.

With alternating current filament operation and with power unit plate
current supply, the tendency to produce a hum is much less with a push-pull
amplifier than with a single tube. This is true because the disturbing elements
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balance each other in the two tube circuits and do not appear in the output.

In place of the output transformer shown in Fig. §, it is possible to use
a double choke coil for a speaker connection as in Fig. 9. Current changes
take place through this choke just as they take place through the primary of
an output transformer and the voltage differences between the two ends are
applied to the speaker. This arrangement cannot be used to match the im-
pedances of tubes and speakers, consequently should not be employed unless
the plate resistance of the tubes being used is within the limits of 80 to 125
per cent of the speaker input impedance in ohms. With low impedance tubes
and a high impedance speaker, or with the opposite relation, an impedance
matchini) output transformer should be used

AMPLIFIER, AUDIO FREQUENCY, RESISTANCE
COUPLED.—A resistance coupler consists essentially of three
parts. First a high resistance in the plate circuit, second a fixed
condenser used as a coupling condenser or stopping condenser be-
tween the plate of one tube and the grid of the following tube, and
third a grid leak for the following tube. The arrangement of these
parts is shown in Fig. 1 and the circuit in Fig. 2. For layouts and
specifications see Receiver, Audio Amplifier for.
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Flow of plate current through the plate resistance causes a voltage
drop across this resistance. The changes in voltage or voltage drop
across the plate resistance are carried through the stopping con-
denser and applied to the grid of the following tube.

The stopping condenser allows the voltage changes, which are
alternating, to pass through it but prevents the positive plate voltage
of the B-battery from reaching the grid of the following tube.

The purpose of the grid leak is to allow the excess negative
charges to leak off or escape from the grid of the second tube. Were
these negative charges allowed to accumulate they would finally
force this grid to such a negative voltage that the flow of plate cur-
rent in the second tube would be entirely prevented. The tube
would then block and stop the signals. See Leak, Grid.

For a resistance coupled amplifier it is necessary to provide at
least 135 to 150 volts at the B-battery or power supply in order to
overcome the high resistance inserted in the plate circuit and still
apply a sufficient positive voltage to the plate of the tube to cause
the necessary flow of plate current in the tube.
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Plate resistances are usually 100,000 ohms each for all stages in
either a three-stage or four-stage resistance coupled amplifier. In
a three-stage amplifier the grid leak for the first amplifier tube
should be 1,000,000 ohms or one megohm, for the second tube
500,000 ohms or one-half megohm, and for the third tube 250,000
ohms or one-quarter megohm. In a four-stage resistance amplifier
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F16. 4.—Circuit Diagram of Three-Stage Resistance Amplifier.
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the grid leaks for the first three tubes should be the same as those
in a three-stage amplifier, while for the fourth tube the leak should
be 100,000 ohms or one-tenth megohm.

The p‘ate voltage for the last tube should be lower than for the
first two tubes unless this tube is a power type. When using only a
voltage amplifier connected to the 135-volt terminal there should be a
resistance in series with the lead to the plate of the last tube. This
resistance should be between 5000 and 50,000 ohms. It is shown in
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Fig. 3. Stopping condenser values are not especially critical and may
be between .001 and 0.5 microfarad.

In resistance coupled amplifiers the plate current decreases with the strength
of the signal. The stronger the signal on the grid of the tube the less will be
the flow of plate current. We say that the plate current modulates down,
whereas in a transformer coupled amplifier it modulates up.

A three-stage resistance coupled amplifier uses only a little more than three-
fourths the plate current used by two stages of transformer coupling in spite
of the fact that much higher B-battery or plate voltage is used with resistance
coupling. '

A resistance coupled amplifier cannot be used directly after an antenna and
a crystal detector because the exceedingly small antenna current, which is the
only current through the crystal, is not enough to produce the necessary volt-
age changes across the high resistance. When a crystal detector is used with
radio frequency amplification ahead of the crystal, the crystal may be im-
mediately followed by stages of resistance amplification.

The higher the resistance of the grid leaks the louder will be the signals
from the amplifier. However, too high a resistance in the grid leak will cause
distortion and blocking.

Persistent howling sometimes may be corrected by changing the value of the
grid leaks. It may be eliminated by increasing the plate resistance for the
third tube or for both the second and third tubes to as high as 250,000 ohms
in place of the usual 100,000 ohms.

In a resistance coupled amplifier a higher plate voltage is used for the de-
tector tube circuit than is used with transformer coupling. When a jack is
used in the detector plate circuit of a resistance amplifier the comparatively low
resistance of headphones when plugged in prevents the tube from acting as a
detector. If a jack is used following the detector it will be necessary to reduce
the plate or B-voltage on the detector or to use a resistance in series with the
headphones while they are in use. Connections for jacks are shown under the
heading Jacks and Jack Switches, Uses of. Figs. 3 and 4 show complete details
with the values of all units in the construction of a resistance coupled amplifier.

Resistance and Transformer Combination.—Fig. 5 shows the
use of one transformer coupled audio frequency stage followed by
two resistance coupled stages. The transformer coupled stage fol-
lows the detector tube and feeds into the first amplifier tube. Values
of stopping condensers, plate resistances and grid leaks are the same
as in the regular resistance coupled amplifier.

The combination of one stage of transformer coupled amplifica-
tion followed by two stages of resistance coupling makes a very
satisfactory audio amplifier. The tone quality is excellent, the
volume is ample for all purposes and' there is no trouble with block-
ing or instability. The arrangement of parts and the wiring for
such an amplifier is shown in Fig. 6.

The diagram of Fig. 6 starts with the detector, to the grid terminal of
which is connected the usual grid condenser and grid leak. The detector
. filament is handled with a rheostat of from ten to twenty ohms resistance for
quarter-ampere tubes. The filaments for all other tubes are controlled with
filament resistors marked R. The audio transformer may be of low ratio,
preferably around two-to-one or three-to-one. The usual plate bypass con-
denser of 002 microfarad capacity is connected to the plate terminal of the
detector tube.

The two plate resistances marked P should be onc-tenth megohm each. The
grid leak for the first resistance coupled tube should be between 500,000 and
250,000 ohms and the leak for the second tube should be between 250,000 and
150,000 ohms. The stopping condensers C may be as small as 006 micro-
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farad capacity but larger capacities, up to one microfarad, will improve the
amplification of low notes. These stopping condensers must be able to stand
the high voltages applied to the plates.

The last tube is assumed to be of the power type. Its plate voltage is
applied through the battery terminal marked “B+ Power” and its biasing
voltage is applied through the terminal marked “C— Power.”
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F16. 5.—Amplifier with Two Resistance Stages and One Transformer Stage.
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Fic. 6.—Layout of Amplifier with Two Resistance Stages and One
Transformer Stage.

In any resistance coupled amplifier better amplification and velume will be
secured from the use of high Mu tubes in all except the last stage. The last
tube should be of the usual amplifying type or may be a power tube but all
tubes between the detector and this last one may be of the high Mu type.
The B-battery connections shown in Fig. 6 are adapted to the use of high
Mu tubes as described. See Tube, Amplifving Tvpes of. Testing of resistance
coupled amplifiers is described under Oscillator, Audio Frequency, Uses of.
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AMPLIFIER, AUDIO FREQUENCY, TRANSFORMER
COUPLED.—The transformer coupled audio amplifier is more
commonly used than any of the other types. In this amplifier the
coupling between tubes is formed by an iron-core transformer hav-
ing separate and insulated primary and secondary windings as in
Fig. 1. The cores provide closed magnetic circuits. Audio fre-
quency transformers have step-up turn ratios of from one and one-
half to one up to ten to one. The operating characteristics and
various details relating to these units are taken up under the head-
ing of Transformer, Audio Frequency, which may be referred to.
Here are considered only the uses of such transformers in a practical
amplifier unit. For layouts and specifications see Receiver, Audio
Amplifier for.

As a general rule better and more uniform amplification will be
obtained when using low turn ratios rather than high turn ratios in
the transformers. Unless the transformers are of large size and have
large cores of high grade steel it is not advisable to use ratios greater
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F16. 1.—Transformer Coupling for Audio Frequency Amplifier.

than three and one-half to one or four to one. Greater volume on
some notes may be obtained with ratios as high as six to one or
even ten to one but this volume is obtained only on certain fre-
quencies and the amplification at higher and lower notes is far from
good.

Should transformers of two or more different ratios be used in
the same amplifier, the transformer having the lowest ratio should
immediately follow the detector tube because the plate resistance of
the detector is high and it is better matched by the comparatively
high primary impedance of a low ratio transformer.

Layout of Amplifier.—In laying out the amplifier the tubes and
transformers should be arranged to make the grid leads as short as
possible, The plate leads should be considered next and should like-
wise be as short as they can be made without undue crowding of
parts. See Receiver, Audio Amplifier for.

The relative position of tubes and transformers depends to a great
extent on the location of the grid, plate and filament terminals on
the transformers. These locations differ with different makes of
instruments.
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From an examination of the terminal arrangement of various transformers,
the top views of which are shown in Fig. 2, it will be found that, starting
with the plate terminal and proceeding cither clockwise or anti-clockwise
around the four terminals their order is usually as follows: Plate, Positive-B,
Negative Filament, Grid. With some makes of transformers, starting at the
plate terminal, this order follows to the right or clockwise, while with others
it follows to the left, or anti-clockwise.
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F16. 2—Terminal Arrangements on Audio Transformers for Amplifiers.

All audio frequency transformers have four terminals, One is the plate
terminal to which is connected a lead from the plate terminal of the preceding
tube. This plate terminal may be marked “Plate,” “PL,” or “P.” On the
same side of the transformer is the positive B-battery terminal from which
a line runs to the positive connection of the B-battery or the power unit
furnishing plate voltage to the preceding tube. This terminal may be marked
“Pos-B,” “B+,” “B,” or any other marking that indicates this connection.
These two terminals, plate and B-battery, are the terminals of the primary
winding of the transformer and on the side of the transformer carrying these
terminals may be found the marking “Primary,” “Prim” or “Pri.”
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F16. 3.—Similarity of Amplifier Transformer and Tube Terminals.

On the opposite side of the transformer from that carrying the primary
terminals will be found the terminals for the secondary winding, that is, the
grid and the negative filament terminals. From the grid terminal, marked
“G” or “Grid,” a connection is made to the grid terminal of the following
tube. The negative filament terminal, which is always on the same side as
the grid terminal, may be marked “Fil,” “F—" or “F.” Depending on the
construction of the amplifier this filament terminal of the transformer may be
connected to the negative side of a C-battery, to the A-battery terminal of a
rheostat, to a biasing voltage in a power unit, or directly to the negative
filament terminal of the following tube.

The two typical arrangements of transformer terminals are shown side by
side in Fig. 3 and at the right is shown for comparison the terminal arrange-
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ment on a standard tube socket. It will be seen that one of the transformer
arrangements is similar to the arrangement of the tube terminals except that
on the transformer the positive B-battery terminal takes the place of the pos-
itive filament terminal on the tube.
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F16. 4—Audio Amplifier with Output at Right.
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A number of satisfactory arrangements of detector tube, amplifier tubes
and audio frequency transformers are shown in Figs. 4, 5 and 6. All of these
plans provide the shortest possible grid leads and plate leads. In Fig. 4 the
transformers are placed directly between the tube sockets and the final out-
put to the loud spcaker is at the right hand end. In Fig. 5 the transformers
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are placed either back of or in front of the tubes with the output at the right
or at the left. Fig. 6 is similar to Fig. 4 except that the output to the speaker
is at the left. Which of these plans is adopted depends on the space available,
the general plan of the receiver and the type of transformer to be used.

Number of Stages.—Transformer coupled amplifiers may be
constructed with one, two or three stages. More than three stages
are not practical because of the difficulties in the way of feedbacks
and noises generated and amplified in the various units. A single-
stage audio amplifier of the transformer type will give sufficient
volume to receive local and nearby stations on a loud speaker under
average conditions. A properly constructed two-stage transformer
coupled amplifier, the type used in the majority of receivers, will do
good work with loud speaker volume for considerable distances when
preceded by an efficient radio frequency amplifier and detector.
The two-stage amplifier is easy to build in such a way that satis-
factory operation is assured. The three-stage amplifier gives a
tremendous gain in amplification and volume over the two-stage
unit but it is quite difficult to build so that almost uncontrollable
howling and distortion will not be present in its action.

The amplification of a three-stage amplifier will be too great when re-
ceiving local and nearby stations. It is then necessary to cut out one of the
stages or to greatly reduce the amplification. The third stage may be cut out
by the use of a jack or a special switch when the same style or type of tube
is used in all three stages. If a power tube is used in the third stage it be-
comes necessary to cut out the second stage, leaving the third with its power
tube always connected to the speaker. The proper connections of filament
control jacks and jack type switches for cutting out the last stage of the two-
stage amplifier and for cutting out the sccond stage of the three-stage ampli-
fier are shown under Jacks and Switches, Uses of. The switch arrangement
is to be preferred to the jack because when using a switch it is not necessary
to withdraw the plug of the loud speaker from one jack and insert it in
another jack.

Bypass Condensers.—In any form of transformer coupled am-
plifier it is advisable to bypass any high frequency currents which
escape the detector and go over into the audio amplifier. The first
step in this bypassing is to place a fixed condenser of .002 to .00S
microfarad capacity from the plate of the detector tube to the
negative filament terminal of this tube. Radio frequency currents
which would otherwise overload the audio tubes are bypassed
through this condenser. .

The next step is to temporarily place a fixed condenser of .001 to
.002 microfarad capacity between the grid terminal and the negative
filament terminal of cach audio amplifying tube in turn, or from
the grid terminal to the filament terminal on each of the amplifying
transformers, which amounts to the same thing. Both methods are
shown in Fig. 7. Use the smallest capacity bypass condenser that
will give satisfactory results in improving the tone quality or in in-
creasing the volume.

Do this with one tube or one transformer at a time while the am-
plifier is in operation. A decided improvement in tone and an in-
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crease of volume may be noticed with this condenser connected to
one of the transformers or tubes. A permanent installation in this
position should then be made. This bypassing is almost always re-
quired in three-stage amplifiers and is generally helpful in most two-
stage amplifiers.
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Fic. 7—Bypassing Radio Frequency Currents in an Audio Amplifier.

In place of using the bypassing condensers, an improvement .in tone may
be obtained by connecting a fixed resistance of from 100,000 ohms to five
megohms between the grid terminal and negative filament terminal of the last
audio transformer or of the last amplifying tube. The best value of resist-
ance may be found by experiment or by using a variable resistance unit.
This resistance reduces the volume to some extent but produces more uniform
amplification and improves the reproduction of the lower notes.
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FIc. 8—Grounding the Shield of an Audio Amplifying Transformer.

Grounding of Shields.—If the transformers are encased in a
metal shield it is advisable to connect this shield to the negative
battery line of the receiver, this being the line which is usually
grounded. With transformer cases thus grounded as in Fig. 8 they
may be placed very close to each other without any undesirable
coupling effects. Unshiclded transformers having rather small cores
should be separated from each other by a space of three inches or
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more, but if unshielded transformers have large cores they may be
placed within an inch of each other or even closer without harm.
Transformers with small cores arc generally those selling at low prices. The
body of the small size transformer seldom measures more than two and a
half inches in any one direction. Large core transformers generally sell at
higher prices and measure three inches or more in some of their dimensions.
Transformers with comparatively small cores, if shielded in metal cases which

are grounded, may be used without consideration of their relative position or
closeness to each other,

Construction of Two-Stage Amplifier.—The layout, connec-
tions and usual values for all units in the construction of a two-
stage transformer coupled audio frequency amplifier are shown in
Fig. 9. Many of the values are variable. The grid leak may be of
any value from one to ten megohms. The best value may be deter-
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F16. 9.—Layout of Two-Stage Transformer Coupled Audio Amplifier.

mined by trying different leaks until a satisfactory balance is ob-
tained between stability and power. The connection shown as com-
ing to the grid condenser is from the radio frequency amplifier or
the antenna tuner. The plate bypass condenser between the plate
terminal of the detector tube and the filament of this tube may be
of any value between .002 and .005 microfarad as explained under
the heading Detector, Plate Bypass for.

A one-half microfarad bypass condenser is shown between the
detector B-battery or power unit and the positive A-battery terminal.
A one microfarad bypass is between the amplifier B-battery or power
unit terminal and the positive A-battery terminal. The function of
these condensers is to prevent interstage coupling which would be
caused by the resistance of the B-battery common to both the am-
plifying stages and the detector, The .002 microfarad condenser
placed across the speaker terminals is required only when the cord
leading to the loud speaker is very short.



AMPLIFIER, AUDIO FREQUENCY, TRANSFORMER

The single switch would ordinarily control all of the tubes in the
entire set, not only those in the audio frequency amplifier. The
rheostats controlling the detector tube and the two audio frequency
amplifier tubes will be of resistances shown under the heading
Rheostat, Sizes Required. As mentioned before, if the transformers
are of different ratios the one of lower ratio should be used follow-
ing the detector tube. The proper value of C-battery voltage is
given under the heading Bias, Grid, Amount Required.

The operation of a transformer coupled amplifier will be improved by using
bypass condensers between either filament terminal of each tube and the
B-battery terminal of the following transformer, also between the negative
filament terminal of each tube and the filament terminal of the preceding
}ransiormer as described under Amplifier, Audio Frequency, Bypass Condensers
or.

fI‘he proper connections for using any types of jacks or stage control
sw1tc‘hes for cutting out some of the audio amplifier tubes are shown and
described under the heading of Jacks and Switches, Uses of.

A _further improvement in the operation of a three-stage transformer coupled
amplifier will be made if all plate leads in the amplifier are made with shielded
wire and the shield grounded. This practice prevents feedbacks from these
wires.

Additional information of value in designing and building trans-
former coupled audio frequency amplifiers is given under the follow-
ing headings: Distortion,; Construction, Receiver; Speaker, Loud,
Connections to Receiver; Transformer, Audio Frequency; Tube,
Amplifying Types of; Volume, Control of; Impedance, Matching
of; and Battery, Connection of A- and B-,

Parallel Feed Audio Amplifier.—In the usual connection
scheme for transformer coupling the direct current for the
plate circuit flows through the primary winding of the transformer.
In an alternative design, called parallel plate feed, the direct cur-
rent for the plate of the preceding tube is carried through an ad-
ditional choke as in Fig. 10, or through a resistor as in Fig. 11. The
plate circuit of the tube is then coupled to the transformer primary
through a coupling condenser.

Alternating current or audio frequency changes in the plate circuit then
have 'a choice between two parallel paths; onec path being the resistor or
choke, the other being the coupling condenser and primary winding of the
transformer, The impedance of the choke or the resistance of the resistor
is made high in value. The impedance of the path through the coupling
condenser and transformer is made reasonably low, at least no greater than
the impedance of the choke. Audio. frequency current changes then divide,
part taking each path. Because of the condenser in one circuit, no direct
current can take this path and only alternating current flows through the
transformer primary. Relieving the transformer primary of the direct cur-
rent load avoids the danger of core saturation which exists in small trans-
formers and in those having core material of very high permeability.

The arrangement at the top in Fig. 10 shows the connections when using
an ordinary transformer with two separate windings. The regular plate
terminal of the transformer is connected to the bias voltage and the grid
terminal is connected to the following tube. The regular B-supply terminal
and the regular filament or biasing terminal are both connected to the coup-
ling condenser or else are connected together and to the coupling condenser.
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In the lower part of Fig. 10 the transformer with separate windings has
been replaced with an auto-transformer with an electrically continuous winding.
It will be seen that similarly lettered transformer terminals in the two dia-
grams are similarly connected. The effect is to increase the turns ratio and
the voltage step-up ratio of the transformer. In the upper drawing, were
the transformer used in the usual manner with the primary and secondary
winding circuits entirely separate, the ratio would be two to one with a
secondary having twice as many turns as in the primary. With the auto-
transformer connection or with the ordinary transformer connected as in
the upper drawing, the primary winding is that part between the coupling
condenser and the biasing terminal, while the secondary portion includes the
entire winding between the plate terminal and the grid terminal. Thus, the
secondary winding, in the case assumed, would have three times the number
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Fic. 10—Parallel Feed Connections for Choke and Ordinary Audio
Frequency Transformer.

of turns that are included in the primary portion and the two-to-one ratio
transformer becomes one with a three-to-one turns ratio.

Most audio frequency transformers may be connected as indicated at the
top of Fig. 10. However, a few units of this kind have their windings re-
versed from usual practice and in such cases the terminal marked B would
be connected to the biasing voltage and the terminal marked P! would be
connected to the coupling condenser. The transformer may be tried with
both connections, the one giving the greatest amplification or volume being
that which is correct.

With choke feed to the plate circuit, the choke coil should have an induc-
tance of fifty henrys or more and must be wound with wire large enough to
carry the plate current. Speaker coupling chokes and amplifying chokes
may be used here. The coupling transformer may be of any value between
0.01 mfd. and 1.0 mfd. depending on whether it is desired to provide a tuned
circuit employing the primary of the transformer as the inductance.



AMPLIFIER, AUDIO FREQUENCY, TRANSFORMER

A parallel plate feed through a resistor in place of a choke is shown in
Fig. 11. The auto-transformer connections of Fig. 10 might be used here. Direct
current for the plate circuit flows only through the resistor while the audio
frequency current changes flow through both the resistor and the coupling
condenser with its connected primary winding.

The use of a resistor, as in Fig. 11, requires that the power unit B-voltage
be greater than when using a choke coil since the resistance of the resistor
to direct current is many times greater than the resistance of the choke. In
either case the voltage applied to the plate of the tube, as measured between
the plate terminal of the tube and B-minus, should be that normally used
with the tube being employed. The resistance generally required is some
value between 75,000 ohms and 100,000 ohms. The greater the resistance,
the more audio frequency energy will be sent through the transformer and
the less wasted through the resistance. On the other hand, the higher the
resistance, the greater will be the loss of plate supply energy in forcing the
direct current for the plate circuit through the higher resistance. The resist-
ance connection is suited only to voltage amplifying types of tubes in which
there is a comparatively small plate current. It is not suited to power tubes
carrying many milliamperes of direct current for the plate circuit.

With parallel feed it is possible to tune the plate circuit to resonance at
some low frequency at which extra amplification is desired. At the resonant
frequency there will be a decided increase of audio frequency plate current
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Fic. 11.—Paraliel Feed with Resistor and Transformer.

with a corresponding increase of amplification at and near this frequency.
The low frequency end of the amplification curve may be thus brought up
to the level of the balance of the curve or the low frequencies may even be
accentuated.

The coupling condenser and the transformer primary provide capacity and
inductance for a series resonant circuit. The reactance of the condenser in-
creases as the frequency drops while the reactance of the primary winding de-
creases with drop of frequency. Resonance will be obtained at the frequency
for which the two reactances become equal. The transformer primary reac-
tance depends not only on the apparent inductance of this winding but also on
other factors such as the reactance due to leakage flux. With windings of
ordinary proportion the tuning condenser will lie between 0.01 and 0.05
microfarads for resonance between fifty and eighty cycles. If it is not
desired to make the circuit resonant at a low frequency, the coupling trans-
former may have a capacity of from one-half to two microfarads which will
increase the amplification at all frequencies over that obtained with the small
capacities.

Single Stage Amplifier with High Voltage Detector.—In
receivers having great radio frequency amplification it is possible to
obtain loud speaker volume with a single transformer-coupled audio
frequency stage as shown in Fig. 12. The detector uses plate cur-
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rent rectification secured through proper grid biasing instead of
using the more commonly employed grid condenser and leak with
grid current rectification.

In order to obtain sufficient output from the detector tube to produce high
voltages in the following transformer secondary, the detector plate voltage
is made of a high value, usually in the neighborhood of 150 to 200 volts. To
force operation on the lower bend of the grid voltage-plate current curve, a
correspondingly high negative grid bias is provided, this being between twenty-
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F1c. 12.—Connections for Single Audio Stage with High
Voltage Detector.

five and forty volts according to the type of tube being used. The amplify-
ing transformer is built with a comparatively high turns ratio, generally four
to one or an even higher ratio in order to provide the required voltage step-up.

In spite of the fact that the power in the detector plate circuit is consider-
able, it is essential that the voltages applied to the detector grid be much
higher than those generally available. This means that several efficient stages
of radio frequency amplification must be placed between the antenna and
the detector grid circuit.

AMPLIFIER, PHONOGRAPH TYPE.—A phonograph am-
plifier provides electrical reproduction of sound from the vibratory
motion of a needle traveling over the surface of a phonograph record.
The vibration of the needle is utilized to cause changes in the voltage
and current of an electric circuit. The changes in current represent
the vibrations of the needle which in turn represent the sounds
originally impressed on the phonograph record.

The electric circuit carrying the changes of voltage and current will provide
the source of initial signal voltage for operation of an audio frequency ampli-
fier of any type. The audio amplifier may use any form of coupling and may
employ one or more vacuum tubes. The electric phonograph amplifier, when
properly designed and built, gives reproduction superior to that from the
niechanical amplifiers or reproducers generally employed with phonographs.

The action of the electric amplifier is a reversal of the action of a loud
speaker. In the action of a loud speaker changes of current and voltage cause
mechanical vibration of the diaphragm and these movements of the diaphragm
produce sound waves in the air.

For the electric amplifier the sound waves are represented by the uneven
surface of a phonograph record. This uneven surface, through the needle,
causes vibrations in the pick-up device. The vibration or movement in the
pick-up device causes changes of voltage and amperage in its circuit. The
changes of voltage and amperage arc sufficient to operate an audio frequency
amplifier or, with the addition of battery current, to operate a loud speaker
directly without further amplification.

Operation of Pick-up Unit.—The operating principle of the
phonograph amplifier may be understood from Fig. 1 which shows a
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pick-up unit. This particular unit is of the balanced armature type
and its marked similarity to the balanced armature loud speaker
will be immediately apparent. See Speaker, Loud. Other types of
pick-up mechanism may be employed without affecting the basic
principles of operation. The other possible types include most of
those described for use in loud speakers.

Included in the pick-up of Fig. 1 is a permanent magnet having
two positive poles on one arm and two negative poles on the other
arm. Between these poles is a soft iron armature balanced on a
central pivot and surrounded by a coil of wire. Attached to one end
of the balanced armature is the phonograph needle riding on the
uneven surface of a record.

As the record is revolved, its surface travels past the needle point,
causing the needle to vibrate at frequencies representing the sounds
impressed on the record. The vibrations of the needle are trans-
mitted to the balanced armature which rocks about its pivot, first
rising at one end, then at the other.

Qutout Volfage

F1c. 1.—Principle of the Phonograph Amplifier Unit.

With the left hand end of the balanced armature raised toward a
positive pole of the magnet its right hand end is depressed toward
a negative pole. The magnetic lines of force from the permanent
magnet then tend to travel from left to right through the soft iron
armature. Movement of the needle will reverse the inclination of
the armature, the direction of the magnetism is reversed and it flows
from right to left since the right hand end of the armature is now
near a positive magnet pole and the left hand end near a negative
magnet pole.

Reversal of magnetism or rise and fall of the magnetic field
through the armature causes a rising and falling magnetic field
around the iron. By induction this changing field causes voltages
of alternating polarity to be generated in the coil of wire surrounding
the armature. The frequencies with which the voltages change
represent the vibrations of the needle and the frequencies of the
sounds originally impressed on the record.
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The terminals of the winding in the pick-up unit are connected to
wires which pass out of the unit and are connected to the terminals
of a loud speaker or the grid circuit terminals of the first tube in an
audio amplifier. This connection is indicated in Fig. 2.

Connections to Receivers or Amplifiers.—As applied to a
radio receiver the pick-up unit takes the place of the antenna sys-
tem, of the radio frequency amplifier and of the detector tube. Just
as the plate circuit output of a detector tube may be fed through a
transformer, a resistance, or a choke coupling into the grid circuit
of the first tube in an audio frequency amplifier, so may the pick-
up unit’s output be fed directly or through a coupling into this first
grid circuit in any audio amplifier. One method of making such a
connection is shown in Fig. 3. The wire originally attached to the
grid terminal of the first audio tube is detached from the tube
terminal and left detached. None of the other wires which are regu-
larly attached to this first audio tube are disconnected or changed

FPhonograph

F16. 2—Phonograph Pick-up Unit Connected to an Amplifier,

in any way. One of the lines from the pick-up unit is connected to
the grid terminal of the first audio amplifying tube. The other
wire from the pick-up is connected to the negative terminal of a
C-battery or other biasing voltage used with the audio amplifying
tube.

The grid circuit of the first audio amplifying tube is now excited
by the voltage changes from the pick-up and the remainder of the
audio amplifier functions as usual in operating the loud speaker.
The various types of amplifiers, any of which may be built espe-
cially for use following a phonograph pick-up unit, are described
under Amplifier, Audio Frequency.

The biasing voltage is necessary in order that the grid voltage of the tube
may always be negative. The output from a pick-up unit of the type shown
in Fig. 1 is alternating and contains both negative and positive voltages. The
negative biasing voltage of a C-battery is lessened by the positive alternations
from the pick-up and is increased by the negative alternations, but always
remains negative as required for distortionless amplification in the tube.

Considerable difficulty may be encountered in the use of remodeled loud
speaker units as pick-up devices. In a loud speaker it is desired that small
electrical energy applied to the winding in the speaker shall produce a large
movement of the diaphragm. When such a unit is used as an electrical pick-
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up it is found that the powerful vibrations from the phonograph needle cause
such great movement of the parts originally intended to move the diaphragm
that great distortion and rattling result.

To make a loud speaker unit act as a pick-up unit much of the vibration
of the speaker parts must be prevented. This may sometimes be accomplished
by placing pieces of soft rubber between a balanced armature and the magnet
pole picces or placing rubber picces at other points which will limit the mo-
tion. This mechanical damping of the vibration will limit movement of the
speaker parts so that they act about the same as when they are used for
loud speaker work. .

If the coupling between detector tube and first audio amplifying
tube in the receiver is through a transformer or a high impedance
choke the output of the pick-up may be connected to the primary
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Fic. 3—Phonograph Pick-up Unit Connected to First Audio Tube.

side of transformer or choke as shown in Fig. 4, This will give a
step-up of voltage through a transformer and the result will be a
louder amplified signal than with the pick-up connected directly to
the grid circuit of the amplifying tube as in Fig. 3. A similar con-
nection may be made from the pick-up unit to a resistance coupler
or to a choke coil coupler between detector and first audio amplifier.
With resistance or choke coupling there will be no step-up of voltage.
The resistance used in the plate circuit for resistance coupling is
usually a unit of 100,000 ohms. Greater volume will be secured by
substituting a higher resistance, experimenting up to 1,000,000
ohms or one megohm.

In making the connection of Fig. 4 to a transformer, to a resistance or to a
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choke the lead originally attached to the plate terminal of the coupler should
be disconnected and left off. Likewise the line attached to the B-battery or
plate voltage supply terminal of the coupler should be detached and left off.
The end of this latter wire should be well insulated with tape since it is con-
nected to the B-battery or other high voltage supply. The two leads from
the pick-up unit are then connected to the primary terminals, plate and
B-battery, of the coupling unit. No other changes are made in wiring. The
detector tube should be left out of its socket.

With a pick-up unit having a powerful magnet and windings of large in-
ductance there will be quite high voltages generated and with these voltages
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Fic. S.—Resistance Control of Volume in Phonograph Amplifier.

applied directly to the grid circuit of an amplifying tube the volume will
usually be too great even with only one audio amplifying tube in use. The
volume may be controlled by placing a variable high resistance across the
leads from the pick-up device as shown in Fig. S. This unit should have a
maximum resistance of 500,000 chms. The volume is reduced by lowering the
resistance. Volume will be maximum with the greatest possible resistance be-
tween the two sides of the circuit.

Use of Power Battery.—The strength of the amplified signal
may be tremendously increased by using battery current through a
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coupling transformer as shown in Fig, 6. The transformer should
have a low impedance primary and a high impedance secondary
winding. High ratio audio amplifying transformers are fairly satis-
factory. Turn ratios from six to one up to ten to one should be
used. The resistance unit should be of 500 to 1000 ohms and con-

F16. 6.—Using a Battery with Phonograph Pick-up Unit.

7ransformer

Fic. 7.—Phonograph Pick-up Connected Through Transformer to a Speaker.

tinuously variable for use as a volume control. A fixed condenser
of .002 microfarad capacity is connected across the transformer
secondary. The C-battery or biasing voltage should be of a value
suited to the amplifying tube used and the plate voltage supplied.
The power battery may be a single storage cell or a one and one-
half volt dry cell. A C-battery is too small for a power battery
because the current drain varies from one one-hundredth to one-
quarter of an ampere.
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The pick-up leads and the power battery through its variable
resistance are connected to the primary of the transformer. The
secondary of the transformer is connected to the grid circuit of an
amplifying tube or to a coupler as shown in Fig. 6. The trans-
former may also be connected directly to a loud speaker as in Fig.
7. 1f connected to a loud speaker the C-battery is not required. The
battery current divides between the winding of the transformer and
the winding in the pick-up unit so that the action is a process of
modulation through the transformer. '

The scratching noise of the needle may be bypassed or filtered out by con-
necting a fixed condenser of 0.01 to 0.015 microfarad capacity and an iron-
core choke coil of 100 millihenries inductance in series with each other and
placing the combination between the two lines coming out of the pick-up
unit or between the plate and negative filament terminals of the first am-
plifying tube. The connections of Fig. 6 may be used without the power
battery, simply omitting these parts from the circuit and making all other
connections exactly as shown,

When a loud speaker is to be operated directly from a pick-up
unit it is necessary to use the power battery system of Figs. 6 and
7 but when the output of the pick-up unit is fed first through an

audio amplifier of one or more stages the battery is not required.
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F1c. 8. —Circuit Diagram of Phonograph Amplifier.

The volume control method of Fig. 5 utilizes an ordinary variable
resistance unit, that is, a unit having one end of the resistance
element connected to one terminal, the other end of the element
left unconnected and the slider connected to the second terminal.
The outside wires are then connected to one end of the resistance
element and to the slider. It is also satisfactory to use a poten-
tiometer with its two ends connected directly across the pick-up.
The transformer primary is then connected to either end of the
potentiometer and to the potentiometer’s slider. There are then
two wires on one terminal of the potentiometer and one on each of
the others.
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Audio Amplifiers for Phonograph Operation.—The output
from the electrical pick-up of a phonograph may be fed through one
or more stages of audio frequency amplification to provide sufficient
power for loud speaker operation at any desired volume,

A typical amplifier, constructed especially for this type of work, is shown
in Fig. 8. This particular design employs an output power tube, a small
voltage amplifying tube for the first stage, and is complete with its own high
voltage and filament current supply system. A single half-wave rectifying
tube provides direct current for both plate circuits and for the field magnet
of a dynamic loud speaker. The rectifying and filter system also provides
direct current for the filament of the first amplifying tube, this tube being of
the type requiring 0.06 ampere or sixty milliamperes at three volts for filament
operation. Part of the filament current in this tube consists of the plate
current passing through the power tube.

AMPLIFIER, PUBLIC ADDRESS TYPE.—See Amplifier,
Power Type.

AMPLIFIER, RADIO FREQUENCY.—A radio frequency
amplifier consists of one or more amplifying tubes with the necessary
coupling devices between them. This amplifier is placed between
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Position of the Radio Frequency Amplifier in a Receiver,

the antenna or tuner and the detector so that it may increase the
strength of the signals coming from the antenna and deliver these
amplified signals to the detector. A radio frequency amplifier is
used ahead of the detector while an audio frequency amplifier is
used following the detector. See Radio, Principles of.

There are four types of radio frequency amplifiers in more or
less common use. They are designated according to the kind of
coupling used between the tubes. By far the most common type is
that using tuned transformer coupling. Other less used types in-
clude tuned impedance coupling, tuned variometer coupling and
untuned transformer coupling.

The problems to be met in a radio frequency amplifier are quite
different from those met in the audio frequency amplifier. An
audio frequency amplifier handles currents of comparatively low
frequency and high amperage. Such currents are quite easily con-
trolled and amplified. In the radio frequency amplifier we deal
with extremely high frequencies and with voltages so small that
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they are measured in millionths of -a volt as they come from the
antenna. The greatest care is necessary to avoid the loss of any of
this voltage and to prevent the escape or improper travel of the high
frequencies.

Both tuned and untuned coupling devices have been mentioned as
being used in radio frequency amplifiers. In audio frequency am-
plifiers all of the couplings are untuned, that is, they are not tuned
to resonance at any particular frequency, but amplify almost equally
well all frequencies within the audible range.

The lack of amplification or voltage step-up in the coupling devices used
between radio frequency tubes is compensated for to some extent by what is
called the square law action of the detector. The detector tube amplifies
according to the square of the voltage changes applied to its grid. There-
fore, all the voltage gain obtained in the radio frequency stages has the ad-
vantage of being finally squared by the detector. The real gain due to in-
creasing the number of stages of radio frequency amplification may be as
great as the gain in adding an equal number of audio frequency stages, al-
though the radio frequency amplification itself is not as effective in increasing
signal strength as is audio frequency amplification.

In dealing with the radio frequency amplifier we must handle broadcast
frequencies from 500,000 cycles (or 500 kilocycles) up to 1,500,000 cycles
(or 1500 kilocycles). It is not possible to build any form of coupling device
which will amplify with even approximate uniformity such a range of fre-
quencies as must be handled in the radio frequency end of a receiver. There-
fore it is necessary to tune the coupling device or make it resonant to the
particular frequency being handled at any one time for satisfactory reception
of broadcasting.

Untuned transformer coupling has been mentioned, but this type of cou-
pling has almost disappeared from use in receivers intended for broadcast re-
ception. During the days when all broadcasting stations operated either on a
wavelength of 360 meters or one of 450 meters it was possible to use untuned
radio frequency transformers with a fair degree of satisfaction, since they
may be built to amplify quite evenly between these limits. But now that the
broadcasting wavelengths and frequencies have extended greatly both above
and below these old limits we can no longer use untuned transformers.

It is not necessary to use radio frequency amplification ahead of the de-
tector when receiving powerful nearby stations. Methods of cutting out one
of the radio frequency stages are shown under Jacks and Switches, Uses of.

Since the subject of radio frequency amplifiers is closely related
to a great part of all other work in radio receivers it is necessary to
consider many related subjects when dealing with these amplifiers.
For information on parts which enter into the construction of radio
frequency amplifiers or which affect the operation of these ampli-
fiers the following headings should be referred to: Amtenna, Cou-
pling of ; Coil, Angle of Mounting; Coil, Design; Coil, Tuning, Sizes
Required for; Distortion; Condenser, Variable; Control, Single; Os-
cillation; Resonance; Selectivity; Sensitivity; Tube, Amplifying
Types of; and Volume, Control of.

AMPLIFIER, RADIO FREQUENCY, TUNED IMPED-
ANCE COUPLED.—The operating principle of the tuned im-
pedance coupled radio frequency amplifier is the same as that of
the impedance coupled audio frequency amplifier. In both these
types of amplifiers we obtain a drop of voltage across an impedance
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or a resistance in the plate circuit of one tube, and, through a fixed
condenser used as a stopping condenser, we apply the changes in
voltage across this impedance or resistance to the grid of the follow-
ing tube.

The circuit of a tuned impedance coupled amplifier is shown in
Fig. 1. The coupling device consists of a coil and condenser in
parallel and placed between the plate of the tube and the B-battery
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Fic. 1—Tuned Impedance Coupling for Radio Amplifier.

or power unit. By varying the capacity of the condenser the com-
bination is tuned to resonance with the frequency to be received
and amplified.

With the coil and condenser tuned to resonance they have the
greatest possible impedance at the received frequency. Therefore,
plate current at this frequency meets a great impedance in the coil
and condenser and there is the greatest possible drop of voltage
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Fic. 2.—Oscillation Control for Radio Fic. 3.—Radio Amplifier
Amplifier with Potentiometer and with Control with Resistance in
Resistance in Plate Circuit. Parallel with Impedance.

across this impedance. From the tube’s plate terminal, at its con-
nection to the impedance, a lead runs to a stopping condenser whose
other side is connected to the grid of the following tube. The
changes in voltage across the impedance are carried through this
condenser and applied to the grid of the following tube.

The inductance of the coil and the capacity of the variable tun-
ing condenser are selected to tune together over the broadcasting
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wave bands. The grid leak for the radio frequency amplifying tube
should have a resistance of one megohm or more and the stopping
condenser should be of .0005 microfarad capacity or larger.

The principal objection to the tuned impedance amplifier is the difficulty
of preventing self-oscillation. This oscillation may be controlled with a 200-
to 400-ohm potentiometer in the grid return or with several other types of
oscillation control described under the heading Oscillstion. The tuned im-
pedance circuit cannot be neutralized. It may be handled satisfactorily by
placing a variable high resistance in series between the impedance coil and
the power unit or B-battery as in Fig. 2 or it may be handled by placing
such a resistance in parallel with the impedance as shown in Fig. 3. For a
single-stage amplifier this variable resistance should have a maximum value
of 2000 ohms. For a two-stage amplifier the resistance may have a maximum
value of 100,000 ohms.
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The circuit diagram in Fig. 4 shows the complete connections for
an impedance coupled radio frequency amplifier from the antenna
and ground to and including the detector tube. The antenna
coupler may be of the style shown or of any other type which is
available. The impedance coil should be placed at right angles to,
or in such relation to, the antenna coil that there is the least possible
coupling or feedback effect between them.

The capacity of the tuning condensers and the size of their coils
will depend on the frequencies to be covered and may be determined
by reference to the section Coil, Tuning, Sizes Required for. Oscilla-
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tion control in this circuit is by a variable high resistance in series
with the B-battery for the radio frequency tube but any other form
of oscillation control may be used. Due to the difficulty of controll-
ing oscillation, impedance coupled amplifiers are generally con-
structed with but one stage of radio frequency amplification ahead
of the detector.

In place of the impedance coil and its tuning condenser a variometer may be
substituted as shown in Fig. 5. Variometers which are constructed for the
purpose of tuning will take the place of both the coil and its tuning con-
denser. With some types of variometers it may be necessary to use a fixed
condenser connected in parallel with the variometer as shown by the dotted
lines. This fixed tuning condenser may have a value between .0001 and
00025 microfarad, depending on the variometer with which it is used. See
Variometer, Coupling with.

In a tuned impedance coupling there is no step-up ratio of voltage possible.
With transformer coupling the primary is made of fewer turns than the sec-
ondary, consequently there may be an increase of voltage from primary to
seccondary but with impedance coupling there can be no such transformer
action and the entire amplification must be obtained from the tube alone.
The use of high Mu tubes is sometimes advantageous.

AMPLIFIER, RADIO FREQUENCY, TUNED TRANS-
FORMER COUPLED.—The tuned transformer type of radio
frequency amplifier utilizes many of the principles found in the
transformer coupled audio frequency amplifier but in place of em-
ploying an iron-core transformer as with audio frequency, one of
the air-core type is used. Since an air-core transformer is in itself
resonant to only one natural frequency a variable condenser is
placed in parallel with the secondary winding of the transformer.
This condenser may be varied to make the transformer resonant at
the frequency to be received.

The circuit of a single stage of tuned transformer coupling is
shown in Fig. 1. The transformer itself is composed of two separate
windings, the primary and the secondary. The primary winding, of
relatively few turns, is connected between the plate terminal of the
preceding tube and the B-battery or power unit which applies posi-
tive voltage to the plate of that tube. One end of the secondary
winding is connected to the grid terminal of the following tube and
the other end of the secondary is connected either directly, through
a rheostat, or a biasing battery, to the negative filament terminal of
the following tube., The primary and secondary are formed by any
of the types of coils such as those described under the following
headings in the section on coils; Basket Wound, Closed Field Type,
Honeycomb, Single Layer and Spiderweb Type. Information on the
construction of transformers will be found under Transformer,
Tuned Radio Frequency.

Transformer Construction.—The size or inductance of the
secondary winding of a radio frequency transformer is selected of
such value that it will tune to resonance when used with the tuning
condenser employed. Correct sizes of coils and condensers are
given under Coil, Tuning, Sizes Required for. The primary winding
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of the transformer consists of from four to thirty turns, either
closely or loosely coupled to the secondary. Information on tuning
condensers will be found under the heading Condenser, Tuning.

The fewer turns in the primary winding the less will be the tendency to-
ward feedback and the easier it will be to control oscillation and regeneration
in the amplifier.

The greater the number of turns in the primary and the more closely it is
coupled to the secondary the greater will be the amplification as shown by
Fig. 2, consequently high amplification and ease of control are opposed to
one another.

The majority of tuned radio frequency transformers are built with single
layer straight-wound or solenoid coils, These coils are of such size that they
may be tuned with variable condensers whose maximum capacity is .0005
microfarad in most cases. Many transformers are built to be tuned with
condensers having a maximum capacity of approximately .00035 microfarad
while still others use condensers of only .00025 microfarad. Of course the
larger the coil which forms the secondary, the smaller must be the condenser
with which it is tuned provided the same range of frequencies is to be covered.
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Fi16. 1.—Tuned Transformer Coupling for Radio Amplifier.

Many radio frequency transformers have only six or eight primary turns,
this low number being used to reduce the tendency toward oscillation. A
greater number of turns is desirable from tle standpoint of amplification,
sensitivity and volume,

Voltage Amplification.—In radio frequency transformers such
as generally used the greatest voltage amplification is obtained when
the primary consists of from fifteen to twenty turns with a fifty or
sixty-turn secondary on the same size tubing. With only ten turns
on the primary the transformer delivers about seventy per cent of
the maximum possible voltage amplification and with but five pri-
mary turns only about thirty-five per cent of the maximum voltage
amplification is realized.

An increase in the number of primary turns beyond a certain point
again reduces the voltage amplification. As the coupling is increased
or made closer the voltage amplification increases up to a certain
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value of coupling, but if the coupling is made still closer than this
value, the voltage amplification will again fall off. This effect is
explained more fully under Transformer, Tuned Radio Frequency.

With tuned transformer coupling employing fewer turns in the primary
winding than in the sccondary we would naturally expect a step-up of voltage
because of the turn ratio of the transformer. There is sometimes an actual

voltage step-up but it is very small and does not approach the turn ratio of
the transformer. In a tuned radio frequency transformer having fifteen pri-
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F1c. 2—Effect of Primary Turns on Radio Frequency Amplification.

mary turns and sixty secondary turns we have a turn ratio of four to one
(secondary to primary) but in such a transformer it is impossible to obtain
a voltage ratio of anywhere near to four to one, in fact a ratio of one and
one-half or one and one-quarter to one would be exceedingly good. This is
because there is only a small transfer of energy from primary to secondary.
Even with the closest possible coupling, the coupling does not compare in
closeness with that obtained in an iron-core transformer. In the air-core type
of transformer there is a very great leakage of flux which accounts still further
for the small power transfer.
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F16. 3—The Two Kinds of Coupling in a Radioc Amplifier Transformer.

Coupling in Transformers.—Between the primary and second-
ary windings of radio frequency transformers there are always two
kinds of coupling as indicated in Fig. 3. One is inductive coupling,
which we desire, and the other is electrostatic or capacity coupling
which is undesirable. Inductive coupling is due to the mutual in-
ductance between the two windings. It is increased by increase of
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inductance or by the number of turns in the primary winding.
Through this inductive coupling or mutual inductance there is a -
transfer of energy between the two windings.

Capacity coupling exists between the two windings ‘because of their surface
area. The metal of the wire in the secondary winding is separated from the
metal of the wire in the primary by insulation, The two metals form the
plates of a condenser while the insulation forms the dielectric. The greater
the area of these plates or the greater the size of the windings the greater will
be the capacity coupling and through this capacity coupling feedbacks may
occur between the stages. These feedbacks produce oscillation which must be
controlled.

Small Capactly upling  large Gypacily upling
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F1c. 4 —Effect of Primary Position on Capacity Coupling
in Radio Amplifying Transformer.
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The smaller the physical size or dimensions of the primary winding and the
farther it is remnved from the secondary winding the less will be the capacity
between the two windings. This is shown in Fig. 4. From this standpoint
a primary of small wire wourd in a small space and placed at one end of the
sccondary is preferred to a winding of larger wire spread out over a larger
space and wound directly over or under the secondary, especially if this large
primary is well in toward the center of the secondary.

Inductance of Secondaries.—There is considerable difference
of opinion as to the relative merits of large and small inductances

in the secondary windings of tuned radio frequency transformers.
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F1c. 5.—Voltages from Large and Small Inductances in Radio Amplifier.

A coil with a high value of inductance may be tuned with a con-
denser of smaller capacity than used for a coil of small inductance
which requires a correspondingly large condenser. As shown in
Fig. 5 the coil of large inductance gives a greater voltage drop and
applies a greater voltage to the grid of the following tube, thus
giving more amplification than obtained with a coil of small induc-
tance.

While it is true that a coil having large inductance tuned with a
small condenser gives a greater voltage drop and consequently im-
presses a greater voltage on the grid of the following tube, it should
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be remembered that the large coil has more resistance than a small
one and the small capacity condenser has more resistance than a
large one. From the standpoint of voltage gain we should use a
large coil and small condenser but from the standpoint of circuit
resistance we should use the small coil and large condenser, It is
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Fi6. 7—Circuits of Two-Stage Tuned Transformer Radio Amplifier.

important to eliminate all possible losses in the larger coil if used
because if such a coil is carelessly designed and constructed the
added losses together with the naturally high resistance of any coil
at radio frequency will forfeit much of the gain in voltage.
Construction of Amplifier.—Since the voltages impressed on
the grids of radio frequency tubes are very small it is not necessary
to use an extra C-battery for providing negative grid bias because
the tube will operate on the straight portion of its curve with only
the bias from a rheostat. The best results will be obtained by con-
necting the grid return end of the transformer secondary winding
directly to the negative battery side or line side of a rheostat
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or filament resistance for the radio frequency amplifier tube whose
grid carries the other end of the secondary winding.

Should the amplifier consist of so many stages that a considerable
voltage is finally applied to the grids of tubes near the detector, the
grid return may be made through one or two cells of a C-battery.
See Bias, Grid.

In radio frequency amplifiers a bypass condenser for the plate
direct current should always be provided. This may be a fixed
condenser of .005 microfarad capacity. It should be connected be-
tween one of the filament terminals of the tube and the connection
of the following transformer primary to the B-battery or power
supply. This allows the radio frequency currents to complete their
circuit without passing through the resistance of the B-battery.
This practice improves the amplification and reduces the tendency to
self-oscillation.

Complete constructional details of a two-stage transformer coupled
radio frequency amplifier together with all connections and values
for the principal units are shown in Figs. 6 and 7. This circuit in-
cludes all of the practices that have been recommended for this type
of amplifier.

AMPLIFIER, RADIO FREQUENCY, UNTUNED
TRANSFORMER COUPLED.—It was explained under Am-
plifier, Radio Frequency that untuned transformer coupling will
cover only a very limited range of frequencies and that it is there-
fore unsatisfactory for broadcast reception. The circuit for a radio
frequency amplifier using untuned transformers is shown.
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Radio Frequency Amplifier with Untuned Transformers,

An untuned radio frequency transformer has a small amount of iron as a
core, this being indicated by the broken lines between the primary and sec-
ondary windings in the diagram. The circuit coupled to the antenna is tuned
with a variable condenser. Oscillation control is by means of a 200- or 400-
ohm potentiometer as shown. Other types of oscillation control may be sub-
stituted. The grid return for both radio frequency amplifier tubes is through
this potentiometer, while the detector grid return is to the positive filament
terminal of the detector. The resistance of the detector grid leak may be one
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megohm or greater. The negative A-battery line may be grounded through
the .005 microfarad grounding condenser as shown, or grounded directly with-
out the condenser. Such a receiver is a fairly good distance getter for a
limited range of frequencies or wavelengths, but is not at all selective. Sec
Transformer, Untuned Radio Frequency.

AMPLIFIER, RADIO FREQUENCY, VARIOMETER
COUPLED.—A tuned impedance coupled radio frequency ampli-
fier may be built with variometers for coupling units between the
tubes in place of with coils and variable condensers. See Amplifier,
Radio Frequency, Tuned Impedance Coupled; also Variometer,
Coupling with.

AMPLIFIER TUBE.—See Tube, Amplifying Types of.

AMPLITUDE.—The highest voltage or amperage reached by
a wave or alternation of an alternating current. See diagram.

AMPLITUDE DISTORTION.—See
Distortion.

ANGLE, ELECTRICAL.—One com-
plete cycle of alternating current is consid-
ered as consisting of 360 electrical degrees
Just as one complete circle consists of 360
degrees. One half a cycle, which is one al-
ternation, then consists of 180 electrical de- ---- -9 ..
grees; one half alternation consists of 90  The Amplitude of an
electrical degrees and so on. Alternating Current Wave.

The relative times with reference to one another at which alternating cur-
rents and voltages reach their maximum and minimum points and at which
they pass through zero are designated by the number of electrical degrees be-
tween such points. See Alternation; Cycle; and Phase.

ANGLE OF COIL MOUNTING.—See Coil, Angle of Mount-
ing.
ANGLE OF LAG.—See Phase.

ANGLE OF LEAD.—See Ptase.

ANION.—A negative ion is called an anion. Ions are formed
by the electrical breaking down of gases and liquids. Ions formed
at the anode are the anions, those formed at the cathode are cations.

ANNUNCIATOR WIRE.—See Wire, Bell.

ANODE.—A terminal or an electrode through which an electric
current enters an electrolyte, a vacuum or any other medium on its
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Anodes and Cathodes in Electric Circuits.



ANTENNA

way to the negative side of the source. The anode is therefore the
positive terminal of an electric source such as a battery, or is the
electrode connected to this positive terminal. In a vacuum tube
the plate is the anode while the filament is the cathode. See also
Cathode.

ANTENNA.—The antenna includes the wires or conductors
which extend outside of the receiver proper and which are affected
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F16. 1.—Relation of the Antenna and Aerial.

by the signals coming from a radio transmitter or broadcasting sta-
tion. The type of antenna now being considered consists of one or
more wires elevated some distance above the ground as in Fig. 1.

These wires form one plate of a large condenser whose other plate
is the ground or earth. The antenna and ground have the air be-
tween them acting as the dielectric of this condenser.

Between antenna and ground connections in the receiver there is
always an inductance, a coil. The inductance of the coil together
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F16. 2—The Principle of the Capacity Antenna.

with the capacity of the antenna form an oscillatory circuit which
responds to the frequency of the radio waves coming through the
air from a broadcasting station. Oscillating- currents are set up
through the antenna, the coil and the ground. The inductance in
the receiver is coupled to the tuning device, to the radio frequency
amplifier or to the detector so that the signals coming in on the
antenna are detected and amplified in the receiver.

The form of antenna which is generally used is called an open
antenna, a capacity antenna or a plate antenna. Under the head-
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ing Loop, Antenna Action of is considered a form of antenna which
does not form a capacity or a condenser. The principle of the ca-
pacity type of antenna is shown in Fig. 2.

ANTENNA, CAPACITY AND INDUCTANCE OF.—
The antenna system consists of the horizontal wires or antenna
proper and the vertical wires or lead-in, Considering only the hori-
zontal portion, the capacity of the antenna increases almost directly
with its length up to about one hundred feet but increases less
rapidly for greater lengths. This might be expected since an in-
crease of antenna length increases the size of the plates of the con-
denser which is formed by antenna and ground.

There is only a small change in capacity as the height of the an-
tenna above the ground is increased above thirty feet. From a
height of thirty feet up to a height of one hundred and twenty feet
the decrease in capacity is only about seven per cent, but as the
antenna is lowered under thirty feet the capacity increases quite
rapidly. This effect also might be expected because lowering the
‘antenna brings the plates of this big condenser closer together.

The capacity of a vertical lead-in wire increases directly with the
length of the lead-in. The capacity of the lead-in must be added
to that of the antenna to obtain the total capacity of the whole
antenna system.

In the following tables the left hand columns give the height of the antenna
in feet. The columns toward the right cover various lengths of antenna from
thirty to one hundred feet. At the intersection of the vertical and horizontal
lines will be found the capacity of the horizontal wires measured in micro-
microfarads.

Caracity oF HorizoNTAL SINGLE WIRE ANTENNA

Antenna Horizontal Portion of Antenna—Length in Feet

Height in
Feet 30 ft. 45 ft. 60 ft. 75 ft. 1 100 ft.
20 ft. 59 Mmfds 83 Mmfds | 111 Mmfds| 139 Mmfds| 179 Mmfds
30 ft. 58 Mmfds | 81 Mmfds | 109 Mmfds| 131 Mmfds| 175 Mmfds
40 ft. 57 Mmfds | 80 Mmfds | 107 Mmfds| 123 Mmfds| 173 Mmfds
60 ft. 57 Mmfds | 80 Mmfds | 105 Mmfds| 121 Mmfds| 171 Mmfds
100 ft. 56 Mmfds | 79 Mmfds | 104 Mmfds| 119 Mmfds| 169 Mmfds

In the next table, which is similar to the preceding one, is given the capacity
in micro-microfarads of the horizontal portion of the antenna and also the
capacity of the vertical lead-in. Preceding the hyphen is the capacity in
micro-microfarads of the horizontal portion and following the hyphen is the
capacity of the vertical lead-in. Thus, for an antenna 60 feet long and 40
feet high the capacity of the horizontal portion is 107 micro-microfarads and
of the vertical portion or lead-in is 71 micro-microfarads, a total of 178 micro-
microfarads for the entire antenna system. The capacity of the lead-in must
always be added to that of the antenna.
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CaPACITY oF ANTENNA AND LEAD-IN—MICRO-MICROFARADS

Length in Feet of Horizontal Portion of Antenna
Antenna
Helght in 30 ft. 45 fr, 60 ft. 75 fr. 100 ft.
¢ Hor~Vert. | Ilor.—Vert, | Hor.~Vert. | Hor.~Vert. | Ilor~Vert.
20 ft. 59-40 8340 11140 139-40 18240
30 ft. 58-56 81-56 109-56 131-56 175-56
40 ft. 57-71 80-71 107-71 123-71 172-71
60 ft. 57-103 80-103 105-103 121-103 170-103
100 ft. 56-166 79-166 104-166 119-166 168-166

The effective capacity of the antenna system is somewhat greater at the
higher frequencies or lower wavelengths used in broadcasting than at the
other end of the scale. Taking the effective capacity at 1000 kilocycles or
approximately 300 meters as represented by 100 per cent the following changes
are found in practice: At 1500 kilocycles or 200 meters the capacity is 120 per
cent and at 600 kilocycles or 500 meters it is 90 per cent of the value at
1000 kilocycles.

Inductance of Antenna.—The horizontal portion of the an-
tenna and the vertical lead-in not only have capacity but also
have inductance even though they are composed of straight wires.
The following table is similar to the one preceding but gives the in-
ductance in microhenries of the horizontal portion of the antenna
and of the vertical lead-in. The number preceding the hyphen gives
the inductance of the horizontal antenna and the number following
the hyphen gives the inductance of the vertical lead-in.

INpucTANCES IN ANTENNA SysTEMS—MICROHENRIES

Length in Feet of Horizontal Portion of Antenna
l}_ixtenna
igh
bl 0 0 fr. | 45 fe. 60 ft. 75 %, | 100 f
Hor~Vert. | Hor—Vert. | IHor.—Vert. | Hor—Vert. | Ilor.—Vert.

20 ft. 20-10 30-10 41-10 50-10 68-10
30 fr, 20-15 30-15 41-15 51-15 69-15
40 ft. 20-21 30-21 42-21 52-21 71-21
60 ft. 20-34 31-34 42-34 53-34 72-34
100 ft. 20-61 31-61 42-61 53-61 | 73-61

The inductance of the antenna and the lead-in are not lumped inductances
as found in coils but are distributed over the whole length of these wires.
These distributed inductances are due to the ability of the wires to generate
an electric field about them. For this reason the total inductance of antenna
and of lead-in is not as great as the sum of their separate inductances as
would be the case with lumped inductances in series. Nor is it as small as the
inductances of the two in parallel. Practice shows that the approximate
effective inductance of antenna and lead-in may be found by adding the two
together and dividing their sum by three. Thus, for an antenna system forty-
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five feet long and forty feet high it is seen that the inductance of the hori-
zontal portion is 30 microhenries and of the vertical portion 21 microhenries.
Their sum is S1 microhenries and the approximate effective inductance is one
third of 51 or 17 microhenries.

ANTENNA, CIRCUIT OF.—The antenna circuit includes
the horizontal antenna wires, the lead-in and all the connections up
to the receiver, the inductance or capacity which is inside the re-

Antenna

Antenna

Circutt ANTENNA
Recelyer AR O/ELEC/'A’L)
Inoucltance B uno

C ity Equivalent circuit
fractty g/ Antenna

= GROUND
The Antenna Circuit and Its Electrical Equivalent.

ceiver, the ground lead from the receiver and the ground itself
which forms the lower plate of the antenna system.

ANTENNA, CLOSED.—A loop antenna is called a closed
antenna. See Loop.

ANTENNA, COIL TYPE.—In general a coil type of antenna
is a loop antenna. See Loop. One end of a large coil of wire is
sometimes connected to a receiver for use as an antenna, the other
end of the coil being left open.

ANTENNA, CONDENSER FOR.—See Condenser, An-
tenna, also Antenna, Tuned.

ANTENNA, CONDENSER TYPE OF.—See Antenna.

ANTENNA, COUPLING OF.—The general custom in cou-
pling the antenna to the first tuned circuit in the receiver is to use a
very small coil of only a few turns of wire in series with the antenna
as in Fig. 1. This small coil absorbs only a very little energy from
the tuned circuit in the receiver and tuning is fairly sharp. How-
ever, the signal power with such an arrangement is not as strong as
when the antenna itself is tuned to the frequency being received.
The looser the coupling the sharper the tuning and the closer the
coupling up to a certain point, the greater the amount of power or
energy received from the antenna.

With the antenna coupled very loosely to the first tuned circuit
the capacity and inductance of the antenna have but little effect on
this first tuned circuit. As the degree of coupling is increased some
of the antenna capacity and inductance are, in effect, added to the
tuned circuit and if a variable condenser is used for tuning this cir-
cuit a lower setting or less capacity will be required because of the
effect of the antenna which takes the place of part of the condenser’s
capacity. This is the reason why condenser settings for a certain
frequency or wavelength will change when the antenna coupling is
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changed in receivers using variable antenna coupling to control the
selectivity or sharpness of tuning.

The coupling of the antenna to the coil of the first tuned circuit
may be reduced by reducing the number of turns in the antenna
coil. It may be reduced by moving the antenna coil farther away
from the coil which is tuned by the condenser or by turning the
antenna coil and the tuned coil at greater and greater angles to
each other. When they are at right angles the coupling is practi-
cally zero and the antenna’s capacity and inductance will have very
little effect on the tuning. All of these changes are shown in Fig. 1.

The form of antenna coupling shown in Fig. 2 provides maximum
selectivity and very satisfactory operation in general. The antenna
coil and the tuned coil are placed at right angles with each other
and in line so that there is practically no inductive coupling between
them. The antenna coil is composed of two windings, one having
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F16. 1.—Close Coupling and Loose Coupling of Antenna Circuit.

four to six turns connected between the antenna and ground, the
other having an equal number of turns in series with the tuning coil.
The tuning condenser is connected across the two coils so that the
entire winding of the large coil and the few series turns on the small
one are both in the resonant circuit. The two windings on the an-
tenna coil may be separated by one-quarter to one inch depending
on the degree of selectivity required.

There is a certain best coupling for the antenna as far as signal strength
is concerned. By starting with an extremely loose coupling secured with the
antenna coil and tuned coil very far apart or at right angles to each other
or by using but few turns in the antenna ceil, the signal strength will be
weak. By gradually increasing the degrce of coupling the signal strength will
become greater, although the tuning will become somewhat broader at the
same time, until a maximum signal strength is reached. Then with still closer
coupling, the signal strength will become less., There are two reasons for this
effect. First, a very closely coupled antenna absorbs power from the first
tuned circuit or places a load on this tuned circuit, Second, with very close



ANTENNA, DIRECTIONAL EFFECT

coupling the tuned coil and the antenna coil form a combination which re-
sponds not only to one frequency or wavelength but almost as well to an-
other frequency or wavelength which is different from the first. The difference
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Fic. 2—Separate Coupling Coil for Antenna Circuit.

between these two frequencies becomes
greater as the coupling is increased and
with very close coupling the antenna Close

tuner will respond to either one of these \ e g
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coupling is shown in Fig. 3. This changes .
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tenna coil. Coupling.

ANTENNA, DIRECTIONAL EFFECT OF.—It is often
found that signals will be received best from a direction opposite to
that in which the antenna runs from the receiver. If the antenna end
points westward best reception may be from points to the east. Un-
less the antenna is at least one hundred feet long it will show no di-
rectional effects regardless of the direction it runs and will receive
just as well from one point of the compass as from any other. Any
apparent directional effects are due to local conditions such as inter-
ference of trees and buildings and antenna location in general.

ANTENNA, FORMS OF.—Receiving antennas of the out-
door type usually consist of a single straight wire open at one end
and connected to the receiver at the other end. This is called an
L-type antenna or an inverted L antenna. A connection is some-
times made to the center of the elevated wire rather than to one of
its ends and the resulting antenna is called a T-type antenna.
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Antennas placed indoors may be of the familiar type consisting of
a single wire attached to the receiver or of the loop type. Both of
these are described under their respective headings.

Transmitting stations use various forms of aerials that are seldom
if ever duplicated as to form in receiver installations. A cage aerial
or antenna consists of several parallel wires supported around the
edge of frames so that they have somewhat the appearance of a
squirrel cage. Umbrella aerials consist of a number of wires radiat-
ing from a central support and slanting downward toward the earth
at their outer ends. The conductors of a fan or harp aerial radiate
upward from a central point to a supporting wire across the top.

ANTENNA, FRAME.—Another name for a loop. See Loop.

ANTENNA, FUNDAMENTAL FREQUENCY OF.—The
fundamental frequency of an antenna is the frequency to which the
antenna’s inductance and capacity are resonant in themselves. In
an actual receiver installation the fundamental frequency of the
entire antenna circuit is determined by the antenna’s inductance and
capacity together with the inductance of any coil and the capacity
of any condenser placed in this circuit. The antenna system will
respond best to frequencies below its natural frequency or to wave-
lengths above its natural wavelength.

The fundamental frequency of an antenna circuit may be found from the
effective inductance and effective capacity in the system. These values for
various heights and lengths of single wire antennas are given under Antenna,
Capacity and Inductance of. The following formula is used:

Antenna Frequency 159.3
in Kilocycles T Effective Induclance X Effective Capacily

The following table gives the approximate fundamental frequencies in kilo-
cycles and the wavelengths in meters of antenna systems of various heights
and lengths when there is no extra capacity or inductance placed in the
antenna circuit by condensers or coils used in or with the receiver.

FuNDAMENTAL FREQUENCIES AND WAVELENGTHS OF ANTENNAS

Length in Feet of Horizontal Portion of Antenna

Antenna
Height in 30 ft. 45 ft. 60 ft. 75 ft. 100 ft.

Feet

Kilo-C Meters|Kilo-C Meters|\Kilo-C Meters| Kilo-C Meters|Kilo-C Meters

20 fr. | 5060 59 | 3940 76 | 3145 95 ‘ 2650 113 | 2100 143
30 ft. | 4360 69 | 3515 85 | 2875 104 | 2475 121 | 1980 151
40 ft. | 3720 80 | 3085 97 | 2655 113 | 2325 128 | 1855 162
60 ft. | 2950 102 (2550 118 | 2200 136 | 1910 157 | 1625 185
100 ft. | 2060 145 | 1840 163 | 1655 182 | 1530 196 | 1305 229




ANTENNA, HEIGHT AND LENGTH

If a concentrated inductance in the form of a coil is placed in the antenna
circuit, its inductance is added to the effective inductance of the antenna and
lead-in and the resulting total inductance is used in the preceding equation for
antenna frequency. The two inductances are considered as in series and are
added together. :

If a fixed or variable condenser is used in scries with the antenna and
lead-in the capacity of this series condenser must be taken into account when
using the formula for antenna frequency. For use in that equation the value
of total capacity of antenna, lead-in and condenser is found as follows:

Capacity of Capacity of Capacity of
. Series Condenser X Antenna + Iz,’ead-in
Total Capacity = - _ ’

.Capau‘ty of + Capacity of % Capacity of—

Series Condenser Antenna Lead-in

All of the tables and equations for antenna fundamental frequencies and
wavelengths assume that the antenna is free from the effects of objects such
as trees, buildings and metal bodies in its field. It is seldom possible to erect
an antenna system under such ideal conditions and the fundamentals of actual
installations may vary widely from the figures given. The relations between
frequencies for different lengths and heights of antennas will, however, remain
in the same ratios to one another when cenditions are similar for the installa-
tions.

ANTENNA, HEIGHT AND LENGTH OF.—The effective
height of antenna is considered from the electrical and not the physi-
cal standpoint. The effective height is less than the physical height
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Physical Length of an Antenna and the Height of Its Lead-In.

because of objects in the antenna field. The higher and longer an
antenna the more powerful will be the signals brought in, but un-
fortunately the louder will be all forms of interference as well. An
antenna has no power of selection in itself and it takes exactly
what the ether gives it.

A high antenna brings in lots of signal and also lots of interfer-
ence, such as static. As the antenna is lowered the signal strength
becomes less but it does not fall off as rapidly as the static, in other
words, a low antenna gives a material gain in the ratio of signal to
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static. By a low antenna is meant one only five, ten or fifteen feet
high, or at least one that is less than thirty feet high.

Of course this low antenna will not bring in such powerful signals
but a good receiver will amplify its weaker signals to a point that
is entirely satisfactory. There is a sort of superstition that thirty
feet is the right height for an antenna. This is not based on any
exact rule because the best height depends on particular conditions.

As a general rule it is best to have the horizontal or straight part
of an antenna at least sixty to seventy-five feet long. This does not
mean that excellent work cannot be done with fifty feet or less but
seventy-five feet may be better. An antenna more than one hundred
feet long, that is, with the straight horizontal part more than one
hundred feet long, is not required by modern receivers. With many
of the better sets the results will not be as good with one hundred
and fifty to two hundred feet of antenna as with one hundred feet
or less, considering selectivity, static interference and everything
else that goes to make or mar satisfactory reception.

All of this advice applies to antennas used for broadcast receiv-
ing. Reception from long-wave commercial stations will require a
much longer antenna, while short-wave reception among the ama-
teurs will call for a much shorter antenna.

The best length of antenna depends on local conditions and on
the type of receiver being employed. The following list gives
lengths that are generally satisfactory. These lengths are the sum
of the horizontal portion of the antenna, the lead-in to the receiver,
and the ground connection from the receiver.

For receivers having six or more tubes. . ... 40 to 50 feet
For five tube, tuned radio frequency sets..60 to 75 feet
For four tube sets with one radio stage....80 to 100 feet
For three tube regenerative receivers....100 to 120 feet
For one tube sets, crystal sets, etc....... 100 to 150 feet

ANTENNA, INDOOR TYPE.—An indoor antenna consists
of twenty feet to one hundred feet of wire attached to the antenna
terminal of a receiver.and strung either in a straight line in the in-
terior of a building or carried on various supports in various direc-
tions through the rooms of a building. This wire may be covered
with insulation or it may be bare and supported on objects which
are in themselves insulators.

An indoor antenna may be placed in a long room such as an attic
with the use of the same insulators and supports employed in out-
door antenna construction, At the other extreme of construction
we find a piece of wire laid along the picture moulding in one or
more rooms with no extra precautions as to insulation. Either type
will work but the more careful the construction the better will be the
results, '

An indoor antenna will not deliver as strong impulses to the receiver as

weuld be delivered by an outdoor antenna of the same size but if the receiver
has sufficient amplification the results may be surprisingly good. A receiver
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with one stage of radio and two of audio frequency amplification operated
with an indoor antenna will deliver loud speaker volume from stations two
hundred miles away under favorable conditions. With two stages of radio
frequency amplification this distance range will extend to about five hundred
miles. An indoor antenna increases selectivity and reduces the effects of static
and interference in general.

ANTENNA, INDUCTANCE OF.—See Antenna, Capacity
and Inductance of.

ANTENNA, INSULATORS FOR.—The end of an antenna
farthest from the receiver should be supported with an insulator
made especially for this purpose. Good insulators are made of por-
celain, glass, or of high grade moulded insulating materials. Glass
is excellent but well glazed porcelain is probably as good as glass
as long as the glaze is not chipped or cracked.

Insulator

\\’ Antenna

Fic. 1—Installation of Antenna Insulators.
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Fic. 2—Types of Antenna Insulators.

The far end of the antenna should be fitted with one or two of
these insulators as in Fig. 1. To the far end of the insulator should
be attached at least five to ten feet of strong galvanized wire or any
other strong wire. This is used for making the mechanical connec-
tion to whatever post or other support is used.

If it is necessary that the antenna turn any corners it should be held well
away from walls or posts by using stand-off insulators as in Fig. 2. A stand-off
insulator consists of a piece of glass or porcelain that holds the antenna wire
and is itself held by a metal rod or flange that may be fastened to the wall,
post or roof edge around which the antenna turns the corner. There should
be at least two inches of insulating surface between the antenna wire and the
pearest part of the metal support.
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Many stand-off insulators are made with a porcelain bushing, that is, a
piece of porcelain with a hole through it, which is held in an eye formed on
the metal bolt or screw. These are not as good as the form which provides a
greater length of insulating surface between the antenna and the metal support.

ANTENNA, LEAD-IN FOR.—The lead-in includes all an-
tenna circuit connections starting from the horizontal part of the an-
tenna, running down into the building and to the receiving set. If
there is anything more generally neglected than the antenna itself
it is the lead-in. Too many radio enthusiasts seem to think that the
chief purpose of the lead-in is to provide a final disposition for any
scrap wire lying around the premises.

The first rule for the lead-in is to make it short. A lead-in, like
an antenna, has inductance, capacity and resistance, but the induc-
tance and capacity of the lead-in cannot be used to such good ad-
vantage as when in the antenna itself. To take an extreme case,
a lead-in one hundred feet high used with an antenna only thirty
feet long would have three times the inductance and capacity of the

Antenna Lead-in Carried Through Tube.

antenna itself, but if the lead-in for this thirty-foot antenna were
reduced to forty feet its inductance and capacity would be only
about twenty per cent more than that of the antenna.

The lead-in is a part of the antenna circuit and within practical
limits the lead-in should be kept away from everything. This does
not mean that an entire pane of glass should be removed from a
window to provide an opening into the building but it does mean
to use stand-off insulators wherever they are required. Because
insulated wire is used for a lead-in does not mean it may be dropped
over the edge of a roof without any protection. There is no objec-
tion to using insulated wire for the lead-in if the wire is properly
supported, but neither is there any advantage.

The lead-in wire from the antenna should be supported by in-
sulators so that it is at least two or three inches away from all walls,
ceilings, mouldings, etc., in the room through which it passes on the
way to the receiver.

Sometimes the lead-in is connected near the center of the an-
tenna rather than at one end. Then the effective length of the an-
tenna is equal to about half its actual physical length or half that
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of an antenna of the same length in feet but having the lead-in at
one end. Where the lead-in enters the building it should run
through a porcelain or glass insulator. Such an insulator may be
passed through a nine-sixteenths inch to three-quarter inch hole
bored in the window frame.

The outer end of the lead-in wire should be scraped perfectly
clean and a secure mechanical joint made between it and the end
of the antenna wire, which also has been thoroughly cleaned of all
insulation or oxide. This joint should then be thoroughly soldered.
If it is impossible to solder the joint, wrap it tightly with tin foil,
then cover the foil with a layer of rubber tape followed by a layer
of friction or insulating tape. If rubber tape is not available use
two layers of friction tape and cover the outside with a heavy coat-
ing of shellac.

If the lead-in wire enters a wall or window through a porcelain
tube insulator, drill the hole for the insulator at a slant so that the
outdoor end will tilt downward, thus preventing entrance of rain
into the building.

In case it is objectionable to bore holes in window frames it will
be best to open a window from the top, pass the bushing through
this opening and push the window up against the bushing to hold
it. If this lets in too much alir, fit a piece of wood into the remain-
ing part of the opening.

Various kinds of special lead-ins may be purchased. Some of these consist
of a flat ribbon of copper encased in a covering of insulating fabric. Such a
device may be laid over the window sill and the window closed tightly on it.
The danger in this construction comes from the fact that the insulating cover-
ing may be broken through so that water from rain or snow will ground the
antenna, which means weak signals or no signals in the receiver.

Never use a lead-in device in the ends of which wires are held by spring clips
or similar devices. All such joints will corrode in wet weather and this means
that beyond such a point the antenna might just about as well be discon-
nected. Every joint from the farthest end of the antenna to the binding post
in the receiver must either be soldered or else solidly bolted and well shellacked
to keep water from the joint.

After the lead-in has emered the building it will have to be carried along
walls, base-boards or mouldings until it reaches the receiver. This inside part
should be made of well insulated stranded copper wire. From the standpoint
of appearance a silk covered wire is best, although any other insulated wire
will be as good from the standpoint of radio reception. As a final precaution,
bring the lead-in from the building entrance to the receiving set in the
straightest line possible, in a line with the fewest possible turns.

ANTENNA, LIGHT AND POWER CIRCUIT FOR.—
The wiring of the light and power circuits of any public service
company may be made to act as a fair antenna. Of course, it
would not do to connect such wires directly to the antenna post of
a receiver but by placing a fixed condenser between the light or
power wires and a wire leading to the antenna post of the receiver,
the radio impulses which are always present in such wires are car-
ried into the receiver without interruption. The principleé of such
a device is shown in the illustration.
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Special forms of connectors which screw into an electric light socket may be
purchased. These devices have one or more terminals from which wires may
be run to the receiver. It will be realized that two sides of a circuit from the
power or light lines enter any lamp socket. On one side the circuit is com-
pleted through a switch often incorporated in the lamp socket. The other
side of the circuit is completed through the socket by a direct metallic con-
nection at all times.

The antenna device which is screwed into the socket is provided with capac-
ity coupling through one or more fixed condensers leading to both sides of
the power circuit. There are usually two terminals, one for each side of
the circuit. Better results will be obtained when the connection is made to the
side of the circuit which does not run through the switch. Which of the
terminals connects to this side may be determined by trying each of them;
the one that works better being used permanently.
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Various Locations for an Antenna.

ANTENNA, LOCATION OF.—Among the first things to
consider about the antenna is location. To begin with it is better
to run an antenna out over the earth, with nothing between the wire
and the earth except air. An antenna on a roof may be very good
but it cannot be as good as one that does not have a building under-
neath it.

It is often said that an antenna should not run over or under
any kind of electric wires and should not be attached to any pole
which carries other wires. There are two excellent reasons for these
rules. First, it is dangerous and should these wires come in contact
with the antenna through breakage of either it is more than prob-
able that at least a part of the receiver will be destroyed and the
final result may be a dangerous fire.
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The second reason is that in many cases reception may be practi-
cally spoiled with an antenna in such a location. An antenna is
nothing more than a big condenser with its wire for one plate and
the earth for the other. If other wires carrying strong electric
charges are between or near the ‘“plates” of this big condenser it
will receive signals from these other wires as well as from broad-
casting stations. This applies even to guy wires on poles.

There are laws in many localities which forbid the placing of any wire
above a public highway, and, in the cities at least, alleys are considered as
public highways. The farther the antenna wire is kept from everything else
on its way to the receiver the better will be the reception. The closer the
antenna comes to wooden posts, brick walls, tin roofs, gutter spouts, fences,
or trees, the worse it will be.

ANTENNA, LOOP TYPE.—See Loop.

ANTENNA, MULTIPLE LINE.—It is sometimes a ques-
tion whether to put up a single wire for an antenna or to put up
two or more parallel wires. The two-wire antenna of given length
will bring in stronger signals than a single wire of the same length
but nowhere near twice as strong. A three-wire antenna will bring
in more signal strength than a two-wire antenna but it will not bring
anything like half as much again.
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Multiple Wire Antennas.

If a two-wire antenna is erected, the wires should be about two
feet apart. If their distance apart is less than two feet it would
be almost as well to use one wire. On the other hand there is very
little gain by making the spacing much more than two feet. With
two or more parallel wires, connect them together at both ends and
attach the lead-in as shown in the illustration.

The wires in two-wire or three-wire antennas are separated from each other
by spreaders which may be of hard wood pieces about one inch square. The
antenna wires may be passed through holes drilled in these spreaders with a
half turn of wire taken around the spreader to prevent the wire from slipping.
A better method of fastening is to use separate short lengths of wire passed
through the holes in the spreaders and twisted around the long straight lengths
of the main antenna wires.

All of the wires in a multiple wire antenna must be of the same length and
they must be securely fastened so that none of them will sag. The lead-in
wire may be attached to the antenna wires either at one end or in the center
of the antenna, both constructions being shown.
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ANTENNA, MULTIPLE RECEIVER CONNECTION
TO.—A single outdoor antenna may be used as a source of signal
energy for two or more receivers with circuits arranged to allow
each receiver to select any desired station regardless of the stations
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ANTENNA, OPEN

tuned in by others using the same antenna. The connections are
shown in the diagram.

Between the antenna and the ground is a variable high resistance
and across this resistance is placed the grid circuit of a common
coupling tube. The plate circuit of this coupling tube passes through
any number of primary windings in radio frequency coupling coils
of the separate receivers. The common plate circuit carries all sig-
nal frequencies reaching the antenna.

Each receiver uses the coupling coil as the primary winding of a
radio frequency transformer in the first tuned circuit of the receiver.
The balance of the receiver may consist of any combination of radio
frequency amplifying stages, detector, and audio frequency ampli-
fying stages.

Near each receiver is placed a double-pole, single-throw switch
which is arranged to close the filament circuits or A-battery circuit
of the receiver at the same time it closes an auxiliary circuit which
lights the filament of the common coupling tube through a relay.

The coupling tube has its own filament battery which is connected
to the contacts of a relay. The relay is connected to each of the
double-pole switches at the receivers in the manner shown. Closing
the switch at any receiver will light the tube filaments in the re-
ceiver and at the same time will energize the relay magnet so that
the common coupling tube is placed in operation. The coupling
tube will remain lighted as long as any receiver switch remains
closed and will go out when the last receiver switch is opened.

While this arrangement allows simultaneous reception from one
antenna at various frequencies, it greatly reduces. the strength of
signal in comparison with that received from the same antenna
without the coupling tube in use. A great portion of the energy
collected is allowed to leak away to ground through the resistance.
If the resistance is made excessively high in an attempt to avoid
this loss, the receivers connected to the circuit will become unstable
and will have a noticeable tendency to pick up and amplify all
kinds of interference, even that from power supply units which
would be unnoticed ordinarily.

Reception from local and nearby stations is satisfactory with
this scheme of coupling. There is an advantage in the fact that
the effect of static disturbances is greatly reduced below their
normal strength, the reduction of static being considerably greater
than the reduction of signal so that the signal-static ratio is im-
proved. The same method of antenna coupling is used in single
control receivers to prevent the antenna inductance and capacity
from affecting the first tuned circuit.

ANTENNA, OPEN.—A capacity type of antenna or an an-
tenna consisting of one or more elevated wires and a ground be-
tween which is connected the receiver.

ANTENNA, RESISTANCE OF.—See Resistance, Antenna.



ANTENNA, RESONANCE WAVE COIL

ANTENNA, RESONANCE WAVE COIL TYPE.—A
fairly efficient antenna may be made by winding a large number
of turns of small wire on a tube about three inches in diameter.
One end of this coil is connected to ground as shown and the other
end is left free. Two or three turns of wire should be placed around

Resonance Wave Coil for Antenna.

this resonance coil and the ends of these turns connected to the in-
put of a receiver. Signals from considerable distance may be re-
ceived with this arrangement, which acts as a combination of an-
tenna and loop.

ANTENNA, SERIES-PARALLEL SWITCH FOR.—In
the diagram are shown the connections for a series-parallel switch
by means of which a fixed or a variable condenser may be placed
in series with the antenna, in parallel with the antenna, or cut out
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of the antenna circuit entirely. Placing the condenser in series with
the antenna allows the receiver to be tuned to shorter wavelengths
than normally possible, while placing the condenser in parallel with
the antenna allows the receiver to be tuned to longer wavelengths
than normally. With the condenser out of the circuit the normal
range of the receiver is obtained. See also Switch, Series-Parallel.



ANTENNA, TUNED

ANTENNA, TUNED.—An antenna may be tuned by placing
a large capacity variable condenser in series with the lead-in or in
series with the antenna circuit inside the receiver. Such a series
condenser should have a capacity of .001 microfarad. The connec-
tions are shown in Fig. 1. Even with this large capacity condenser
it may be found difficult to tune an antenna of ordinary size over
the entire band of broadcasting frequencies now in use.

A better method of tuning the antenna is with a variometer in
series with the antenna circuit. This makes the antenna act as a
fixed capacity while the variometer acts as a variable inductance
with which the antenna circuit may be tuned to resonance at any
desired frequency. The capacity of the antenna will generally be
too great to allow the entire inductance range of an ordinary variom-
eter to be used in tuning over the broadcast frequency band. The
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Fic. 2—Use of Variometer for

Antenna Tuning.
entire broadcast band will be covered by using only a part of the
variometer’s total change of inductance and only a part of the tun-
ing dial scale will be employed. In such a case the capacity of the
antenna system may be reduced by inserting a variable series con-
denser as shown in Fig. 2. This condenser may be adjusted to such
a value that the variometer will tune to resonance over the entire
range of frequencies to be received and use all of its tuning dial.
This method provides great distance getting ability together with
satisfactory selectivity. The construction using this plan is shown
under Receiver, Tuned Radio Frequency.

When the antenna circuit is tuned to the same frequency as that to which
the grid circuit of the first tube is tuned it will be found that a moderate
degree of coupling between the antenna circuit and the grid circuit of the first
tube places a heavy load on the grid circuit of this tube. In order for the
first tube to oscillate it must develop power enough to set the entire antenna
circuit into oscillation. This requires more power than is generally available.

Consequently, while a tuned antenna circuit will make the antenna more
responsive to the tuned frequency and will bring more powerful signals into
the receiver, the additional load of the antenna circuit prevents the first tube
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from oscillating readily at the tuned frequency. Of course, even with the
antenna tuned, the first tube will oscillate provided the coupling between its
grid circuit and the antenna circuit is made very loose. A loosely coupled
tuned antenna places very little load on the grid circuit of the first tube and
oscillation is comparatively easy.

ANTENNA, UNDERGROUND.—Because of the fact that
radio waves penetrate for a little depth into the earth it is possible
to use a buried wire as an antenna in place of the usual elevated
wire type. An underground antenna has a better signal to static
ratio and is more selective than the elevated type. The buried wire
also has a more pronounced directional effect. To offset these ad-
vantages the signal strength with the underground antenna is only
a fraction of the strength with the usual constructions and it is nec-
essary to use at least two tubes to obtain headphone reception.

The wire should be of copper, number 14 gauge or larger. It must be well
insulated with rubber covering. To obtain satisfactory life and length of
service from a buried antenna the wire should have live rubber covering about
one-quarter inch thick. For broadcast reception the buried portion of the
antenna should be about seventy-five feet long and may be buried from six
inches to two feet deep. The more moist the earth the better will be the
results with this method of reception.

ANTENNA, WAVELENGTH OF.—See Antenna, Funda-
mental Frequency of.

ANTENNA, WIRE FOR.—For antenna wire first choice is
stranded enameled copper or phosphor bronze. The second choice
is a solid wire, enamel covered. The third and fourth choices would
be bare stranded wire, then bare solid wire. Iron or steel wire do
not enter into radio construction. To this last statement there is a

“ possible exception in that steel-cored copper wire would form a satis-
factory antenna and would have greater mechanical strength than
a wire of solid copper or bronze. Antenna wire should be of number
14 or number 12 gauge.

Radio impulses in the antenna travel almost wholly on the sur-
face of the wire and the inside of the wire might just as well be
hollow, in fact it would be better if it were hollow.

The great majority of antennas are found covered with corrosion. This
corrosion is formed by the combination of oxygen in the air with the copper
of the wire and, unlike a covering of enamel or other properly applied in-
sulation, the corrosion becomes a part of the wire itself, in other words the
outside of the antenna is no longer copper but is copper oxide.

Copper is the best of all conductors for radio impulses but copper oxide is
very poor. Since radio impulses travel on the surface of the wire, if this
surface is composed of the high resistance copper oxide such an antenna has
lost much of its effectiveness as a conductor of signals.

ANTI-CAPACITY SWITCH.—See Switch, Anti-Capacity
Type.
ANTINODE.—A point in a wave which is half way between
two adjacent peaks or half way between two points of maximum
amplitude. See Node.

ANTI-RESONANCE.—Another name for parallel resonance.
See Resonance, Parallel,
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APERIODIC.—Not resonant at any particular frequency; un-
tuned. Various coils and windings in radio receivers are said to be
aperiodic when they are not tuned to the frequency being received
but are allowed to act in a non-resonant state. See Resonance.

A-POWER SUPPLY UNIT.—See Charger; Battery, Trickle
Type; also Power Unit, Filament Current Types of.

ARGON BULB RECTIFIER.—See Charger, Battery, Bulb
Type.

ARITHMETICAL.—Pertaining to arithmetic. Arithmetical
progression is the relation between a series of numbers or values in
which the difference between any consecutive two is the same as
the difference between any other consecutive two numbers or values.

ARMSTRONG RECEIVER.—A regenerative receiver. See
Receiver, Regenerative.

ARRESTER, LIGHTNING.—A radio antenna has no more
tendency to attract lightning than is found in other metal parts
such as eaves troughs, rain spouts, wire clothes lines, etc. Should
lightning strike an antenna directly no antenna construction and

J Ground .
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F16. 2—Effect of Inductance

F1g. 1.—Connection of Lightning Arrester  and Capacity in a Lightning
to Antenna and Ground. Arrester.
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no form of lightning arrester would stand the great strain. During
atmospheric storms a certain amount of electrical charge will collect
on the antenna. There is also some charge collected during rain
storms and snow storms. Such charges, if not too large, may leak
off gradually over the connections and supports of the antenna.
They will also discharge through the receiver, causing static noises.

All receiver installations should have some form of lightning ar-
restet placed as shown in Fig. 1 between the antenna or lead-in and
the ground wire. An electrical charge of such volume as to damage
coils, condensers and other parts in the receiver will jump across
the small gap in the lightning arrester and pass harmlessly to ground.
A lightning arrester consists of two points or electrodes supported
a little distance from each other and placed between the antenna
and ground with one point connected to the antenna and the other
to the ground. The points are placed such a distance apart that
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500 volts or more will jump through the air or vacuum from the
point connected to the antenna to the point connected to the ground.
The purpose of a lightning arrester is to protect the parts of the re-
ceiving set.

Certain requirements for the construction and action of lightning arresters
have been laid down in the National Electric Code. Following is a summary;
The spark gap may be located in a vacuum, in a gas-filled tube, or in air.
Electrodes in air shall be of brass, phosphor bronze, carbon or some other
non-corroding material. If in a vacuum or gas-filled tube the electrodes may
be of any conducting material. There must be a dust-proof enclosure for the
gap and if the arrester is to be placed out of doors this enclosure must also
be weather-proof. Any lightning arrester must allow an arc to form and a
discharge to pass between the electrodes when an alternating voltage of 500
or more volts is applied.

The foregoing requirements are specified from the standpoint of protection
from electrical discharges but it is also necessary to consider lightning arresters
from the standpoint of radio reception As with anything else pertaining to
radio_the lightning arrester has resistance, capacity and inductance. Too low
a resistance bypasses the signals around the receiver and to ground. The
capacity of a lightning arrester is in paralle]l with the capacity of an antenna
and is added to the antenna capacity. Any inductance in the arrester is in
series with the antenna. This is shown in Fig. 2. Both the capacity and
inductance of the arrester will raise the natural wavelength or lower the
natural frequency to which the antenna responds.

Fire Underwriters’ rules require a lightning arrester in each radio installation.
A lightning arrester approved by the Fire Underwriters is satisfactory from
the fire prevention standpoint but may be unsatisfactory in its effect on radio
signals. The resistance of an arrester should be as high as possible to avoid
bypassing signals around the receiver. The capacity and inductance should
be as small as possible to avoid affecting the tuning and operation of the
receiver. The installation of a lightning arrester betweer antenna and ground
reduces the voltage through the receiver and reduces the signal strength. This
cannot be avoided unless the receiver has a tuned antenna circuit. With a
tuned antenna a lightning arrester has comparatively little effect on signal
strength.

Many types of construction are found in lightning arresters.
Some are built with carbon electrodes separated by a thin sheet of
mica. Unless well protected there is danger that dirt or moisture
will short circuit this type. Many arresters are built with brass or
copper electrodes sealed into a tube for protection. Since an arc-
over must occur at 500 volts there can be only small separation be-
tween these electrodes. Another type of arrester has its electrodes
sealed into a vacuum tube. Here it is possible to use a greater gap
because the vacuum reduces the resistance. This type is satisfactory
as long as the enclosing tube remains tight and does not admit air
or moisture.

The electrostatic capacity of lightning arresters varies between
five and thirty-five micro-microfarads. The addition of thirty-five
micro-microfarads to the antenna capacity may have a decided
effect on tuning. Lightning arresters having carbon electrodes sep-
arated by sheet mica generally have high capacity because the car-
bon electrodes are very close together.

See also Rules, Underwriters’ and Ground, Receiver.
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ASSEMBLY, ORDER OF.—See Construction, Receiver.

ASTATIC COIL.—See Coil, Closed Field Type.

ATMOSPHERICS.—A name given to static disturbances
affecting radio reception. See Static.

ATTACHMENT, PHONOGRAPH.—See Adapter, Phono-
graph, also Amplifier, Phonograph Type.

ATTENUATION.—The decrease in strength of radio signals
which is due to absorption of the energy from the waves as they
travel through space and strike various objects in their path. At-
tenuation increases as the distance from the transmitter increases.
The amount of attenuation depends greatly on the character of the
land over which the waves travel. See Radiation.

ATTENUATION NETWORK.—See Pad.

AUDIBILITY.—Audibility is a measure of the strength of a
signal as it affects the ear of a listener. Degrees of audibility are
generally specified according to the number of times a signal is
louder and clearer than when it is just recognizable. Degrees of
audibility range from faint, through weak, fair, moderately strong,
strong, good, very good and finally reach extremely strong audi-
bility. A signal may be audible to a strong degree, yet may be
hardly recognizable because of interference, fading, static, etc.

AUDIO FREQUENCY.—See Frequency, Audio.

AUDIO FREQUENCY AMPLIFIER.—See Amplifier,
Audio Frequency.

AUDIO FREQUENCY CHOKE COIL.—See Coil, Choke.

AUDIO FREQUENCY TRANSFORMER.—See Trans-
former, Audio Frequency.

AUDION.—A name sometimes applied to a three-electrode
vacuum tube. See Tube.

AURORA BOREALIS.—A visible effect of atmospheric elec-
tricity playing in the sky. Static disturbances are usually quite
bad during the time of an aurora.

AUTODYNE FREQUENCY METER.—See Meter, Fre-

uency.
7 AUTODYNE RECEPTION.—See Receiver, Superheterodyne.

AUTOFORMER, COUPLING WITH.—See Amplifier,
Audio Frequency, Impedance (Step-Up Type).

AUTOMATIC TUNING.—See Tuning.

AUTOMATIC VOLUME CONTROL.—See Volume Con-
trol of.

AUTO-TRANSFORMER.—See Transformer, Auto-.

AVERAGE VALUES.—See Value, Average and Effective.

A. W. G.—An abbreviation for American Wire Gauge.
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B. b.—Symbols for magnetic induction. Susceptance in mhos.

BACK COUPLING.—See Feedback.

BACK VOLTAGE.—See Electromotive Force.

. BAKELITE.—See Phenol Compounds; also Resistance, Insula-
tion,
L B(}QLANCED ARMATURE SPEAKER.—See Speaker,
oud.

BALANCED CIRCUIT.—See Balancing.

BALANCING.—Between the internal parts of a vacuum tube
there are capacities due to the fact that the parts are of metal, a
conductor, and they are separated by the vacuum as a dielectric.
These internal capacities are explained under Tube, Capacities, In-
ternal. The capacity between tube ele-
ments which are parts of the plate circuit
and elements which are parts of the grid
circuit within a single tube is the cause
of considerable trouble. This trouble
arises from the feedback of energy from
the plate circuit to the grid circuit of the
tube, the feedback producing regenera-
Fic. 1.—Internal Capacity of tion and oscillation if allowed to con-

Tube Requiring Balancing. tinue, This capacity effect is inherent in
the design of vacuum tubes and exists in all of them to some extent.

Since the amount of internal tube capacity is fixed by the design
of the tube it cannot be changed after the tube is in operation. This
capacity acts like any other capacity or condenser. Its reactance,
or opposition to flow of alternating currents through it, becomes
less and less as the frequency increases. Therefore, the feedback
is greater at high frequencies or low wavelengths. The tube ca-
pacity is represented in Fig. 1.

The object of balancing is to provide a second feedback between
various other external circuits through connections outside the tube.
This second feedback is arranged so that energy passing through
it is equal in amount to the tube feedback but is opposite in phase
or polarity. The effect of the tube feedback is then exactly balanced
by the external feedback. The result of combining the two feed-
backs is to destroy the effect of both so that regeneration and oscil-
lation are prevented,

The balancing feedback is primarily designed to compensate only
for the internal feedback through the tube. As described under
Oscillation there are many other causes of feedback of energy from
plate circuit to grid circuit. These other causes are not properly
within the province of the balancing scheme although excessive bal-




BALANCING

ancing capacity is often employed in an effort to overcome all kinds
of feedbacks.

The principle of the balance of energies may be understood from
Fig. 2. The feedback through the tube is represented at the upper
left. The external balancing feedback is shown at the lower left.
1t will be seen that rises and falls of voltage are opposite in the two
feedbacks. The combined energies which reach the grid circuit are
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shown at the upper right of Fig. 2. At every point the positive and
negative alternations are equal and opposite, consequently they de-
stroy each other and leave a zero feedback.

Neutrodyne Balancing.—One of the first popular balanced
circuits to come into common use was the Neutrodyne. Its principle
is shown in Fig. 3. The feedback through the internal capacity of
the tube takes place in the manner already mentioned. The exter-
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nal balancing feedback is secured through a balancing condenser
connected from the grid of the tube to be balanced to a tap in the
secondary winding of the following radio frequency transformer.
The tap is near the filament end of the secondary winding and volt-
ages taken from this point are opposite in phase to those in the first
grid circuit.

With the inductance of the part of the secondary below the tap
equal to the inductance of the primary winding in the same trans-
former, the energy fed back will equal the energy passing back
through the tube capacity when the balancing capacity is equal to
the tube capacity. Less inductance in the tapped portion of the
winding requires greater capacity in the balancing condenser to
equalize the two feedbacks. A greater inductance in the tapped
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Fi6. 4 —Roberts Circuit for Balancing.

winding allows the use of less capacity in the balancing condenser.
See Receiver, Neutrodyne, also Receiver, Browning-Drake.

Roberts Method.—The balancing method used in the Roberts
receiver is shown in Fig. 4. Here the balancing energy is secured
from a special winding in the following radio frequency transformer.
This balance winding is of the same inductance as the primary but
is wound in the opposite direction so that voltages taken from it
are of opposite phase to the voltages passing back from the primary
through the plate into the grid circuit by way of the tube capacity.
The balancing condenser is adjusted so that it allows enough feed-
back to just compensate for the internal feedback of the tube. See
Receiver, Roberts.

Rice Method.—The Rice method of balancing is shown in Fig.
5. The winding in the grid circuit of the tube to be balanced is
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tapped at its center. The tuning condenser extends across the en-
tire winding. The upper end of the winding is connected to the
grid in the usual way. The tap forms the grid return to the filament
circuit. The lower end of the winding is connected through a bal-
ancing condenser with the plate of the tube being balanced.

Voltages fed back through the internal capacity of the tube from
plate to grid enter the secondary winding at its upper end and pass
down to the tap and return to the filament. Voltages fed back
through the balancing condenser enter the secondary winding at
the bottom and pass up to the tap and to the filament. The two
voltages are made equal by adjustment of the balancing condenser
to match the tube capacity. Since the two halves of the secondary
winding are in opposition the two voltages entering it balance each
other and any tendency to oscillation is destroyed. See Receiver,
Rice Control.
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F16. 5—Rice Method of Balancing.

Balancing Adjustments.—Adjustment of the capacity of a bal-
ancing condenser is made according to the same general rules for
all circuits using this principle of control. The balancing condenser’s
capacity is proportional to the internal capacity of the tube. There-
fore, changing the tube in a balanced circuit will generally call for
readjustment of the balancing condenser since it is very seldom
that two tubes are found to have exactly the same internal capacity.

With all circuit connections properly made and with the balanc-
ing condenser set at about one-half its total capacity a signal from
some station is tuned in with maximum possible volume. The
station selected should be near enough to allow a strong signal to be
received but should not be so close that its energy is picked up by
the various parts and wires in the receiver. All of the signal should
come in over the antenna, not through the coils and connections of
the set.

The filament of the tube to be balanced is turned out by turning
off its rheostat, by removing the filament control resistor or by dis-
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connecting a wire from one of the filament terminals. No other
changes are made, no other tubes are turned out, and the tuning
controls are left unchanged. The signal from the station previously
tuned in will still be heard with fair volume because of the energy
that passes through the internal capacity of the tube.

The balancing condenser is then carefully adjusted so that the
volume of the signal is at a minimum or until the signal disappears
completely. This indicates that there is a balance between internal
and external feedback capacities.

If the tube is removed from its socket the signal volume will in-
crease because only the capacity of the balancing condenser remains
and it is not compensated for by the capacity of the tube which
has been removed from the circuit. If another tube is substituted
for the one removed the signal may again reappear because of the
changed capacity in the new tube.

The foregoing procedure of balancing should be carried out first
on a low frequency or high wavelength station, then on a high fre-
quency or low wavelength station. If it requires a considerable
change of capacity in the balancing condenser to make the two ad-
justments at different frequencies the adjustment should be left
about midway between the two points or slightly nearer the point
used for the high frequency station.

When a change is necessary in the balancing adjustment for any change in
received frequency it indicates that there are considerable feedbacks through
stray capacities and through electromagnetic couplings in the receiver. The
more of these that can be eliminated the nearer the two adjustments of the
balancing condenser will come together. The change of adjustment required
is caused by the balancing capacity attempting to compensate for these other
feedbacks as well as for the feedback through the tube.

With the balancing condenser adjusted according to the directions given it
should remain unchanged while the receiver is operated. An adjustment
should be used that prevents oscillation at all frequencies or wavelengths to
be received.

Balancing may be performed without listening to broadcasting stations by
the use of methods explained under Oscillator, Radio Frequency, Uses of.

Regeneration may be brought about and may be increased until it passes
into oscillation by using the balancing condenser as a regeneration control.
As a rule the balancing condensers are placed inside the receiver cabinet and
out of reach of the operator. If the condenser is to be used for regeneration
control it should be placed on the panel with a dial or knob on the outside.
See Regeneration, Methods of Obtaining.

Bridge Circuits.—All circuits in which the internal capacity of
a tube is balanced by an external capacity may be classed as bridge
circuits. This is because of their resemblance to a Wheatstone bridge
or Wheatstone balance such as used in laboratory work for measuring
capacities, inductances and resistances. The principle of the Wheat-
stone bridge is shown in Fig. 6.

Four resistances, 4, B, C and D, are connected to form the four
sides of a parallelogram. A meter is connected from a point be-
tween A and B to a point between C and D. A source of voltage is
connected to the two remaining corners of the parallelogram. Cur-
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rent from the source will flow through 4 and B as one side of a
parallel circuit and through C and D as the other side, dividing
between these two paths according to their resistances.

If the ratio of resistance in the arms is 4/B=C/D or A/C=B/D
the voltage drops will be such that the voltage at the upper con-
nection to the meter is the same as the voltage to the lower connec-
tion. Since the voltages are equal at the two ends of the meter cir-
cuit there will be no flow of current through the meter or through
any other conductor put in the meter’s place.

The arms of the bridge may be composed of resistances as shown
in Fig. 6 or of capacities or inductances. The two arms forming
one ratio must be both resistances, both inductances or both capaci-
ties. These things must not be mixed up in a single ratio because,
for example, the expression would be impossible to solve with a
ratio calling for inductance to be divided by capacity. This is an
important point in the design of bridge circuits.

il

Fic. 6.—~Balancing Principle of F1c. 7—Position of Tube Capacity in
the Wheatstone Bridge. a Bridge Circuit for Balancing.

In a radio circuit to be balanced it is desired that no feedback
currents or voltages enter the grid circuit of the tube unless they
are balanced out by other voltages. In building up a bridge ar-
rangement the coil and condenser of the grid circuit may be put in
place of the meter of Fig. 6 so that the bridge appears as in Fig. 7.
Here the four arms are composed of capacities. Three of the ca-
pacities are formed by condensers and the fourth is formed by the
capacity between plate and grid of a tube.

One arm of any bridge circuit must always be the plate to grid
capacity of the tube. The two ends of the grid circuit will be at
the top and at the bottom of the parallelogram as in Fig. 7. It is
not necessary that both the coil and the condenser of the grid cir-
cuit be put in the center of the bridge as in Fig. 7 but they both
must be connected between top and bottom of the bridge. The coil
alone may be in the center with the condenser in the bridge arms or
the condenser alone may be in the center with the coil in the arms.

Fig. 8 shows the circuit diagram of the Isofarad circuit and Fig. 9 shows this
circuit rearranged as a bridge. The two tuning condensers 4 and C are moved
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together on a single shaft. The balancing condenser is shown at D. The coil
in the grid circuit runs from top to bottom of the bridge. The four arms are
formed by the two tuning condensers, the balancing condenser and the tube
capacity. With the capacities in the arms adjusted to conform to the propor-
tion A/C=B/D the bridge is balanced.

The Neutrodyne circuit of Fig. 3 and the Roberts circuit of Fig. 4 are both
represented by the bridge circuit of Fig. 10. For the Neutrodyne, arm A of
the bridge is formed by the balancing condenser, arm B is formed by the tube
capacity, arm C by the portion of the secondary of the transformer which is
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Fic. 8—The Isofarad Method Fic. 9—The Isofarad Balanced
of Balancing. Circuit in Bridge Form.

below the tap, and arm D by the primary winding of the transformer. With
the arms adjusted to the proportion 4/B=C/D the bridge is balanced and so
is the receiver circuit,

For the Roberts circuit, arm A is formed by the balancing condenser, arm
B by the tube capacity, arm C by the balance winding, and arm D by the

Fic. 10—The Neutrodyne Balanced Fic. 11—The Rice Balanced
Circuit in Bridge Form. Circuit in Bridge Form.

primary winding of the transformer. The bridge is balanced when the arms
are adjusted to the proportion 4/B=C/D.

The Rice circuit of Fig. 5 is shown in bridge form by Fig. 11. Arm 4 is
formed by the upper half of the secondary winding, arm B is formed by the
tube internal capacity, arm C by the lower half of the secondary winding, and
arm D by the balancing condenser. When the four arms are adjusted to the
proportion A/C=B/D the bridge is balanced and the two feedbacks com-
pensate for each other.

It will be noticed that in all the proportions used for balancing the bridges
of Figs. 9 to 11 each ratio is composed either of two capacities or of two
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inductances. - This rule is followed because a capacity and inductance will not
balance each other at all frequencies although they might be made to balance
for some one frequency. With increase of frequency the reactance of a
capacity grows less while the reactance of an inductance grows greater.

One arm of the bridge must always be the tube capacity. Consequently at
least one other arm must always be a capacity. The two remaining arms both
may be capacities or both be inductances but must not be made up of
mixed capacities and inductances in the two arms forming one ratio.

BALANCING CONDENSER.—See Condenser, Balancing.

BALLAST COIL.—See Coil, Ballast.

BALLAST TUBE.—See Tube, Ballast Type.

BAND SELECTOR.—See Circuit, Band Selector.

BAND, WAVE.—A series of radio frequencies or wavelengths
set aside as one of the channels of transmission from stations en-
gaged in sending out radio signals,

In the broadcasting field, wave bands are made ten kilocycles
“wide.” As an example one wave band extends from 795 kilocycles
to 805 kilocycles. A transmitter using this wave band would send
out a carrier wave at 800 kilocycles. Modulation of this carrier
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Relation of Wave Bands to Each Other.

wave would cause the side bands to extend five kilocycles on each
side of the carrier, thus using the entire wave band of ten kilocycles
from 795 kilocycles to 805 kilocycles.

Wave bands are not necessarily ten kilocycles wide, either a greater or less
width may be used, for instance a wave band for broadcasting on 800 kilo-
cycles might be made twenty kilocycles in width, from 790 kilocycles to 810
kilocycles. This would give a greater separation and less danger of inter-
ference between transmitters operating in adjacent wave bands or on adjacent
assigned wavelengths.

See also Broadcasting and Channels, Radio.

BAND FILTER.—See Filter, Band Exclusion and Band Pass.

BANK-WOUND COIL.—See Coil, Bank Wound.

BASE, TUBE.—See Tube, Bases of.

BASKET-WOUND COIL.—See Coil, Basket Wound.

BASS WOOD.—See Wood.

B-BATTERY.—See Battery, B-.

B-BATTERY POWER UNIT.—See Power Unit, Plate Volt-
age Types.

BATTERY, A-—The A-battery is the battery which provides
a source of current for the filaments of the vacuum tubes used in a
receiver. It is sometimes called the filament battery. A-batteries
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may be of either the storage battery or dry cell type. Storage
A-batteries are often called wet batteries and dry cell types are
called simply dry batteries.

A storage type of A-battery for use with five-volt, quarter-ampere
tubes or for five-volt power tubes has three cells and can deliver
six volts maximum pressure. A storage battery for use with three-
volt tubes has two cells and can deliver four volts maximum while
a storage type of A-battery for quarter-ampere tubes requiring only
one and one-tenth filament volts has but a single cell and delivers
a maximum of but two volts,

Storage A-batteries generally have working capacities of from sixty to one
hundred ampere-hours. Batteries of greater capacity may be used to good
advantage but less capacity than fifty ampere-hours will mean that the battery
will require recharging at intervals too frequent for convenience.

Since the filaments of the tubes in a battery operated receiver are gencrally
connected in parallel, the current consumption is equal to the total number of
tubes times the number of amperes used by each tube. For example, a five-
tube receiver using quarter-ampere tubes will draw five times one-quarter, or
one and one-quarter amperes from the battery.

Djviding the number of ampere-hours capacity of the battery by the number
of amperes drawn by the receiver will give the number of hours that the
receiver may be operated without recharging the battery. The five-tube re-
ceiver drawing one and one-quarter amperes fitted with a one hundred ampere-
hour capacity battery would operate for eighty hours provided the battery were
fully charged to start with and if it were allowed to completely discharge.

See also Battery, Storage Type and Battery, Dry Cell Type.

BATTERY, B-.—The B-battery is the battery which provides
a voltage for the plates of the vacuum tubes in a receiver and which
provides the flow of direct current in the plate circuits of the tubes.
Either storage types or dry cell types of B-batteries may be em-
ployed.

Storage types or wet types of B-battery are constructed with small
cells, each one of which gives two volts pressure. These cells are
assembled in units or trays carrying eleven, twelve, twenty-two or
twenty-four cells and giving voltages of twenty-two, twenty-four,
forty-four or forty-eight for each unit. Any desired B-battery volt-
age may be obtained by using a sufficient number of units or cells.

Dry-cell B-batteries are made in two sizes considered from the
standpoint of voltage. One size delivers twenty-two and one-half
volts while the other delivers forty-five volts, The smaller voltage
is secured from fifteen cells, each cell furnishing one and one-half
volts, while the higher voltage is secured from thirty cells. The
individual cells are of small size and are assembled into blocks with
the cells completely covered with insulating compound through
which terminals are brought out.

Dry-cell B-batteries are made in vertical and flat types. The vertical type
in the large size measures approximately four inches in length, three inches in
width and seven inches in height. A flat type of the same capacity would
measure six and five-eighth inches long, four inches wide and three inches high.
Whether vertical or flat type should be used depends on the space available.

The 22%-volt blocks may have only one negative terminal and one positive
terminal or they may be provided with one negative terminal and several
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positive terminals or taps at the following voltages; 1614, 18, 19%5, 21 and
22Y5. The 45-volt blocks may have one negative terminal, one 2215-volt
positive terminal and one 45-volt positive terminal or they may have one
negative terminal followed by positive voltage taps of 164, 18, 195, 21 and
2215 on the first section and a 45-volt positive tap at the end of the second
section. These voltage taps are used to provide proper plate voltage on
detector tubes as well as to allow variations in plate voltage on radio frequency
amplifier tubes.

Dry-cell B-batteries are sometimes rated according to their capacity in
milliampere-hours, or in their ability to deliver a certain number of milli-
amperes for a given number of hours. The normal capacities in milliampere-
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Terminal Arrangements on Dry Cell B-Batteries.

hours are 4500 for the large size, 1200 for the medium size and 450 for the
small size. It is far more economical to use the large size than either of the
others. The only good reason for using medium or small sizes is limitation
of space. Large, medium and small sizes are sometimes called respectively,
five-pound, two-pound and one-pound batteries.

See also Battery, Storage Type; Battery, Dry Cell Tvpe,; Batterv, Life of;
and Charger, Battery, Bulb Type.

BATTERY, C-.—A battery which provides a biasing voltage
for the grids of amplifying tubes. See Bias, Grid.

BATTERY, CARE OF.—See Battery, Dry, also Battcry,
Storage Type.

BATTERY, CHARGER FOR.—See Charger, Battery.

BATTERY, CHARGING OF.—See Charger, Battery.

BATTERY, CONNECTION OF A- and B-.—In some re-
ceivers the negative terminal of the B-battery is connected to the
positive terminal of the A-battery while in other receivers the nega-
tive terminal of the B-battery is connected to the negative terminal
of the A-battery. Either method may be used with practically iden-
tical results from the receiving standpoint.

With the connection A4-B— the return end of the plate circuit is
through the A-battery to the negative side of the filament in the
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tube. With the connection A—B— the return end of the plate cir-
cuit is directly to the negative side of the filament in the tube. In
older receivers it was the more common practice to use the A{+B—
connection but in recent types the A—B— connection is generally
found.

With the negative end of the B-battery or plate supply unit connected to
the negative side of the A-battery or negative filament line, the voltage applied
to the plate circuit is the voltage of the B-battery or plate power unit alone.
With the negative end of the B-battery or plate power unit connected to the
positive side of the A-battery or to the positive filament line, the plate circuit
return is through both the A-battery and the B-battery or plate power unit.
The voltage applied to the plate circuit is then equal to the sum of the voltages
of the filament or A-battery and the voltage of the plate power unit or B-

battery.
A slightly higher voltage is applied to the plate circuit when B— is con-
nected to A+ than when B— is connected to A—. In modern receivers the

addition of the filament voltage to the plate voltage makes little difference in
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Effect on Plate Voltage of Connecting A+ and B— or of Connecting
A— and B—

performance. In the case of 120-volt plate supply, adding 6 volts from the
filament circuit makes only a five per cent change.

In older receivers, which used comparatively low plate voltages, the addition
or subtraction of six volts made a decided change but nowadays there is no
such effect.

The advantage of connecting together the two negatives is that all return
circuits are then at the same negative voltage or zero voltage. The filament
circuit return, the plate circuit return and the grid circuit return all come to
a common negative or zero voltage point. This is considered better electrical
practice than the older method.

BATTERY, DRY-CELL TYPE.—Dry-cell batteries are
made up of a number of single dry cells connected with each other
so that the voltage of the battery is equal to the number of cells
times one and one-half, this one and one-half being the voltage of
one dry cell regardless of its size.

Each cell consists of a cylinder or case of zinc inside of which is
a carbon rod. There is a filling composed principally of finely pow-
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dered carbon and black oxide of manganese placed around the car-
bon rod. The zinc container is lined with porous material and the
filling and the lining of the cell are saturated with liquid electrolyte.
The top of the cell is tightly closed with sealing compound which
prevents evaporation of the electrolyte. The carbon forms the posi-
tive element of the cell and carries the positive terminal. The zinc
container forms the negative element of the cell and carries the nega-
tive terminal.

A dry cell of the size used for A-battery work will deliver one-half ampere
for fifty or sixty hours of intermittent use or will deliver one-quarter ampere
for about one hundred and fifty hours of intermittent use.

As far as voltage is concerned only a single dry cell is required for the
operation of tubes requiring 1.1 volt for their filaments. These tubes draw
one-quarter ampere of current and this is the maximum current that may be
taken from a single dry cell if any reasonable length of service is to be obtained.

)

3 cells in ,oaré/e/ Jcells in series
/%2 volls 492 volts
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Dry Cell Connections for Increasing Voltage and for Increasing Allowable
Current Drain. .

It is much better practice to connect two or three dry cells in parallel with
each other to form the A-battery supply in a receiver using 1.1 volt tubes.
There should be at least one dry cell in the parallel connection for each tube
in the receiver being handled.

In order to furnish current for tubes requiring three volts on their filaments
two dry cells must be connected in series so that the one and one-half volt
pressure is doubled. The current consumption of these tubes is only .06
ampere, so four of them may be operated in parallel and draw only 0.24
ampere which is within the current ability of a single dry cell. However, much
longer life will be secured if two or more cells are connected in parallel and
two of these parallel circuits connected in series to form a parallel-series
arrangement as shown in the diagram.

BATTERY, ELECTROLYTE FOR.—See Battery, Storage
Type.
BATTERY, ELIMINATORS FOR.—See Power Unit.
BATTERY, FILAMENT.—See Battery, A-.
BATTERY, GRID.—See Bias, Grid.
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BATTERY, LIFE OF.—The life of a storage type of A-battery
operated under normal conditicns and without abuse in the form
of excessive discharge is from one and one-half to three years. The
end of the battery’s life will be indicated by its becoming discharged
in a much shorter time than normal. The battery may then be
taken to a battery service station and advice secured as to whether
it will be economical to replace plates and separators or whether a
real saving of money will be made by replacing it with a new one.

The months of life which may be expected from the three sizes of B-batteries
for various plate currents in milliamperes with the receiver used for an
average of two hours a day is shown in the following table at the intersection
of the columns for battery size and the lines for current.

Dry CeLL B-Barrery LiFe

Months of Life
When Furnishing Current
in Milli
i Mifiamperes Small Medium Large
6 15 == —
7 13 — ==
8 11.6 — —
9 10.3 — —
10 9.3 15.5 -
11 8.5 14 —
12 7.8 13 —
13 7.2 12 15.5
14 6.6 11 143
15 6 10.2 13.4
16 5.5 9.6 12.6
17 S 9 11.8
18 4.7 8.4 11
19 4.2 7.9 10.4
20 4 7.4 9.8
21 3.7 7 9.2
22 3.5 6.6 8.7
23 32 6.2 8.3
24 3 5.8 7.9
25 2.8 5.5 7.6
26 2.6 5.2 7.1
27 2.4 5 6.8
28 — 4.7 6.5
29 — 4.4 6.2
30 — 4.2 5.9
31 — 4 5.6
32 — 3.8 53
- B e
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The life of dry cell B-batteries will be prolonged by using large
sizes. The large size or heavy duty type of dry B-battery should be
employed with any receiver having four or more tubes or ahy re-
ceiver drawing fifteen milliamperes or more in its plate circuits.
The medium size may be used for receivers having from one to
three tubes. The small size should be used only in portable re-
ceivers where minimum size and weight are important considera-
tions.

The life of a dry cell battery comes to an end when its voltage
drops below 1.12 per cell. When the voltage of a 22%4-volt block
drops to 17 or when the voltage of a 45-volt block drops to 35 the
battery should be replaced with a new one. Waste of current from
B-batteries and a consequent short life is caused by leaving the
receiver tubes lighted at any time when no programs are being
received. Short life is also caused by burning the filaments too
brightly, by using old and worn out tubes, by using a run down C-
battery, by using leaky bypass condensers, and by allowing high re-
sistance leaks or short circuits to exist in the receiver.

BATTERY, PLATE.—See Battery, B-.

BATTERY, STORAGE TYPE.—Storage batteries consist
of a number of cells. Each cell is made up of several positive plates
and several negative plates. All of the positives are connected to-
gether and all of the negatives are connected together as in Fig. 1.
The positive and negative plates al-
ternate with each other in position I
and are kept apart by separators of
wood, celluloid or hard rubber. The
plates themselves are made of lead
alloys and chemical compounds of
lead. The plates and their separators
are immersed in a bath of sulphuric
acid diluted with water, this liquid
being called the electrolyte. The
electrolyte and the plates are carried
in a jar made of glass, hard rubber
or other insulating material. \L _J)

One cell of a storage battery, re-
gardless of its sizc, shape or construc-  FG. 1—How Positive and
tion will deliver only two volts prese ~ Negative Platcs Altemzﬁtc
sure, but its ability to deliver current Storage Battery Cell
or amperage depends upon the size of the plates, the quantity of
material in the plates and the amount of electrolyte in the cell.

A battery is made up of a sufficient number of cells to give the
required voltage. The cells are connected in series with each other
as in Fig. 2 so that the voltage of the battery is equal to the number
of cells times two, since each cell will give two volts.

Both positive and negative plates are formed of metallic lead frames called
grids. Spaces in the grids are filled with active material formed from com-
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pounds of lead. After manufacture the plates are given several charges and
discharges, called forming. This forming turns the active material in the
positive plate to peroxide of lead which is reddish brown in color, The
material in the negative plates becomes sponge lead, dull gray in color.
When the battery is connected to the receiver and the filament switch
turned on an action immediately begins to take place between the plates and
the electrolyte. A part of the sulphuric acid in the liquid combines with the
lead in the plates to form lead sulphate, and the surfaces of both plates
gradually become covered with this sulphate. The percentage of water in the
electrolyte is increased because of the combining of part of the acid with the

L

F1c. 2—The Complete Storage Battery with Cells in Series.

lead of the plates, leaving water in the electrolyte. The surfaces of the plates
thus change slowly to lead sulphate, while the liquid becomes more nearly
pure water.

When the battery is recharged, the sulphate of the plates combines with
part of the hydrogen and oxygen in the electrolyte to form more sulphuric
acid. The positive plate then becomes peroxide of lead and the negative is left
as sponge lead. This transformation continues until the sulphate is completely
reduced, and the battery is then said to be charged.

The capacity or current delivering ability of a storage battery is measured in
ampere-hours (see Ampere-Hour). The larger the plates the greater will be
the ampere-hour capacity of the battery; that is, the greater the height, width
and thickness of the plates the more capacity they will have.

Radio types of storage batteries generally have plates about five thirty-
seconds to one-quarter of an inch in thickness. This comparatively thick
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plate makes for long life and durability. The demand for current is very
small in radio work so that a great number of plates is not required.

Testing Storage Batteries.—In the operation of a storage bat-
tery the discharge must not go so far that the voltage becomes ab-
normally low. Under no conditions should discharge be continued
when the voltage drops to 1.7 volts per cell. If the current flow
from the battery is continued at this voltage serious and permanent
damages will result from over-sulphation of the plates,

From the explanation given of the action that takes place during
charge and discharge, it will be seen that the proportion of acid in
the electrolyte will give an indication of the condition of the battery,

Fic. 3—A Hydrometer, Its Scale, and a Hydrometer Syringe for Storage
Battery Tests.
whether it is properly charged or nearly discharged. The acid is
much heavier than water, and as the proportion of acid in the liquid
becomes greater, the weight of the electrolyte becomes greater.
Therefore, the heavier the electrolyte, the more nearly charged the
battery is known to be.

To find the condition of the battery by testing the liquid, a hy-
drometer is used. The hydrometer is a glass tube having a hollow
bulb with a weight at one end and a thin tube with a numbered scale
at the other end. When this instrument is allowed to float in the
electrolyte liquid from the battery cells, the point on the scale to
which it sinks indicates the weight of the liquid. The hydrometer
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will not sink ‘so deeply into the heavy liquid having a large propor-
tion of acid as into the lighter liquid when almost all water. The
hydrometer scale is graduated according to specific gravity, which
is the weight of the liquid compared to that of pure water.

On the stem of the hydrometer appear numbers from 1.100, near
the top, to 1.300 near the bottom. This is shown in Fig. 3.

The hydrometer itself is usually carried in a larger tube with a
small nozzle at the lower end and with a bulb at the upper end so
that some of the electrolyte may be drawn from each of the cells
for purposes of test. In the top of each cell of every battery is a
small plug. This plug may be unscrewed or released from its lock
and will leave an opening into the interior of the cell. Through
this opening the electrolyte or the tops of the plates may be seen.
With a plug removed, the hydrometer syringe, as the tube and bulb
are called, is inserted into the cell, the bulb is squeezed and allowed
to expand whereupon some of the liquid will be drawn up into the
tube and the hydrometer will float in this liquid. After all pressure
has been released from the bulb the specific gravity of the liquid is
the reading on the hydrometer scale at the point where the instru-
ment rises above the surface of the electrolyte. After the gravity is
read the liquid should be carefully returned to the same cell from
which it was drawn. The same method is used to find the specific
gravity of each cell.

1f this gravity is between 1.250 and 1.300, the cell is well charged.
1f the gravity is between 1,200 and 1.250, the cell is at least half,
but not fully, charged. Gravity between 1.150 and 1.200 indicates
that the cell is nearly discharged, while gravity of 1.150 or below
means that the cell is discharged to a point at which no further
discharge should be allowed. The gravity is often mentioned in
“points,” the difference between 1.200 and 1.250 being fifty points.

1f the battery is in good condition, the gravity will be within
twenty-five points of the same in all cells. If there is a greater dif-
ference than this it usually indicates trouble in the low cells.

Care of Storage Batteries.—It is essential that a storage bat-
tery have certain attention at regular intervals. The most impor-
tant item in the care of a battery is that of adding pure water to each
cell at least once a month, Water is added through the holes left
with the vent plugs removed and may be easily handled by using
the hydrometer syringe. A sufficient quantity of water should be
placed in each cell to bring the surface of the liquid from one-
quarter to one-half inch above the tops of the plates, this point
being indicated in many batteries by a rim that may be seen at the
bottom of the hole from which the plug was removed.

The water used for filling cells must be distilled water or else perfectly clean
rain water, Tap water or water that has been kept in metal containers must
never be used. Except when some of the electrolyte has been spilled from one
or the cells, nothing but pure water should ever be added. In no case should
undiluted sulphuric acid or strong electrolyte be used. Such work should be
done only by a battery service station.
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Care should be used when testing not to spill electrolyte on top of the
battery, as it will cause corrosion at the terminals and partial short-circuiting
of the cells. The level of the liquid in the cells should not be made so high
that overflow results from the gases evolved as the battery is charged.

At the time of testing or adding water to the battery the terminals should
be carefully examined for looseness or breakage. No copper wires should be
attached directly at the lead battery posts, as the copper will be eaten by the
action of the acid. Lead covered lugs or lead covered spring clips are used
for all connections at the battery itself. If the connections are found covered
with corrosion or verdigris, they should be washed with ammonia or with
baking soda and water and covered with a coat of vascline to prevent further
action by the acid. If the battery case is wet or if the inside of the battery
compartment is wet, the moisture should be wiped away with a cloth slightly
wet with ammonia water.

See also Charger Battery.

BATTERY, SWITCH FOR.—See Switch, Battery or Fila-
ment.

BATTERY, TESTING OF.—See Battery, Dry Cell Type,
Battery, Storage Type; also Trouble, Battery Weakness and Resist-
ance.

BATTERY, TUBE FOR USE WITH.—See Tube, Filament
Current Supply for.

BATTERY, WET.—See Battery, Storage Type.

BEACON, RADIO.—A radio beacon is a transmitting station
on or near the shore of a navigable body of water. Signals are sent
out by the beacon to be picked up by ships. The navigators of
such ships are able to determine their location with reference to two
or more of the radio beacons from which they receive signals.

Radio beacons generally send out certain distinctive signals. These signals
are sent at definite intervals like the signals from a lighthouse and the intervals
of time together with the kind of signal allow the ship’s navigator to tell what
beacon is heard. The system is also in use whereby a ship may call a shore
station which takes the ship’s bearings, and at the same time has bearings
taken by other shore stations. One of the shore stations then calculates the
ship’s position from the bearings and transmits the information to the navi-
gator. See also Compass, Radio.

BEAM TRANSMISSION.—See Transmission, Beam.

BEAT FREQUENCY.—See Beats, Formation of.

BEAT FREQUENCY OSCILLATOR,—See Oscillator,
Audio Frequency.

BEATS, FORMATION OF.—An alternating current of one
frequency may be combined with another alternating current of a
different frequency to produce an entirely new frequency which will
be lower than either of the first two. This effect may be under-
stood by an examination of the diagram.

The upper part represents the rise and fall of voltage in an alter-
nating current having an assumed frequency ot 500 cycles while the
curves immediately below represent the rise and fall of voltage in
another alternating current having a frequency of 400 cycles.

At the instant represented by the vertical line A-A the positive
voltage of the 500 cycle frequency combines with the negative volt-
age of the 400 cycle frequency and, since their amplitudes are nearly
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equal, the resultis a very small amplitude in the new current. This
new current is represented by the third curve from the top which
shows the varying amplitudes of the combined currents or voltage
waves,

At the instant represented by the vertical line B-B the negative
voltage of the 500 cycle current and the negative of the 400 cycle
current have combined with each other to form a much greater
negative amplitude in the combined curve.

At the instant represented by the vertical line C-C the positive
voltage peaks of the two upper frequencies have combined to form
a new positive peak of much greater amplitude. Between point
A-A and point C-C the voltage of the combined currents rises stead-
ily from minimum to maximum amplitude. Then from point C-C
to point D-D the combined voltage steadily falls to minimum value
again.

WA WAWAITLS 2 GHER
. FAWAWANTAWAWAWARL
°TY \/i\/ \VAVAVAVARVAVALY VARV AL ~-4d

+ 1 1 |
AN ANAWANVAWAW AW AN AN AY 2720
S V.V VARV ARV, \VARVARVARVAR A o1l
I |

S

% . Il f : COMBINED
o\ /\v ,\ﬁ\/\ \i/ /;\ /\vp!Lv/\V/\ f\vf\ WAVES

! ]
|
1
| BEAT
\/\2€0UENCY
T
I

) |

<

|

g

B 1

100

The Formation of a Beat Frequency from Two Higher Frequencies.

This repeated rise and fall in voltage or amplitude is represented
by the bottom curve where it is seen that the new frequency of 100
cycles has been formed. Any two frequencies may thus be com-
bined when introduced into the same circuit and they will give rise
to a new frequency which will be equal to the difference between
the two which were combined. Thus, a frequency of 300 kilocycles
may be combined with one of 310 kilocycles to produce a new fre-
quency of 10 kilocycles which is the difference between 310 and 300
kilocycles. This principle of forming a beat frequency is the founda-
tion of the superheterodyne method of amplification.

BEESWAX.—See Waxes, Insulating.

BELL WIRE.—See Wire, Bell.
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BEZEL, PANEL.—A grating, a screen or a transparent win-
dow placed in a hole through a panel so that the operation of tubes
or pilot lamps back of the opening may be observed.

BIAS, GRID.—When a vacuum tube is in operation there is a
voltage impressed on its filament by the A-battery and a voltage
impressed on its plate by the B-battery. These are called the fila-
ment voltage and the plate voltage. But unless a C-battery or some
equivalent source of voltage acts upon the grid circuit, there is no
voltage impressed on the grid and the grid is said to be at zero
voltage. This is the normal condition when the grid return is con-
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Fic. 1. —Effect of Zero Grid Bias, Distortion.

nected to the negative or “zero” filament terminal of the tube as in
Fig. 1 and when no signal voltage is acting upon the grid.

If, with no incoming signal, the grid return is connected to any
point at higher voltage than the voltage of the negative end of the
tube filament the grid itself will be at a higher voltage or a positive
voltage with reference to the negative end of the filament. The grid
then is said to have a “positive bias.” On the other hand, if the
grid return is connected to any point at lower voltage than the
voltage of the negative end of the filament the grid will be at a
correspondingly lower voltage or negative voltage and is said to
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have a “negative bias.” The grid itself is affected by the voltage
of a point to which the grid return is connected.

Grid bias may be defined as the difference in voltage between the
grid (or grid return) and the negative end of the tube filament
when no signal is being handled. With negative grid bias the grid’s
voltage is below that of the negative filament. With positive grid
bias the grid’s voltage is higher than that of the negative end of the
filament.
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Fic. 2—Negative Grid Bias Equal to Signal Voltage, No Distortion.

Effect on Distortion.—It should first be understood that the
signal impressed on the grid consists of a series of rises and falls in
voltage. Such a signal forms an alternating current with maximum
and minimum voltages on opposite sides of the line representing
average voltage or zero voltage. The stronger the signal, the
greater will be the voltage change between minimum and maximum.

A three-volt signal is shown by the curve at the top of Figs. 1, 2
and 3. In Fig. 1 the grid is at zero voltage to start with or has a
zero grid bias. The three-volt maximum peaks of the signal then
cause the grid voltage to become three volts positive and the drops of
voltage cause the grid voltage to become three volts negative.
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The curves at the bottom of Figs. 1, 2 and 3 show the effect of
grid voltage changes on plate current in an ordinary tuybe. As may
be seen, the higher the grid voltage the greater will be the plate
current with other things remaining the same. The fluctuation of
grid voltage causes a rise and fall of plate current over the heavy
part of each curve in Figs. 1, 2 and 3.

In Fig. 1 with its zero grid bias to start with, the signal voltage causes the
grid voltage to fluctuate between three volts negative and three volts positive.
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Fic. 3—~Too Much Negative Grid Bias, Distortion.

As will be explained it is very undesirable ever to allow the grid voltage to
become positive in an amplifying tube. Therefore the condition shown in
Fig. 1 with zero grid bias is not satisfactory.

In Fig. 2 the same three-volt signal is being impressed on a grid that has a
three-volt negative bias to start with. That is, with no signal coming to the
tube the grid voltage is three volts negative. Under this condition the three-
volt pcak of the signal just exactly overcomes the original three-volt negative
bias and the grid voltage rises to zero. The three-volt drop of the signal adds
its effect to the original three-volt negative bias and the grid voltage drops
to six volts negative. The part of the curve being used is again shown in a
heavy line.

The condition of Fig. 2 is ideal for undistorted amplification. It will be
seen from the curve that the plate current varies from 2.2 milliamperes at six
volts negative grid to 7.4 milliamperes with zero grid. At the middle point of
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the curve which represents the signal, or at three volts negative grid, the
plate current is 4.8 milliamperes. The three volt drop in the signal causes
a drop from 4.8 to 2.2 milliamperes or a change of 2.6 milliamperes. Also, the
three volts rise of signal causes a rise of plate current from 4.8 to 7.4 milham-
peres or a change of 2.6 milliamperes, Therefore the rise and fall of plate
current is exactly proportional to the rise and fall of signal voltage and the
signal is exactly reproduced by the plate current without any distortion.

Next take the case of Fig. 3 in which the grid has a six-volt negative bias
to start with. The grid voltage now fluctuates from nine volts negative to
three volts negative by combination of the original six-volt grid bias with the
three-volt drop and the three-volt rise of the signal voltage. Once more the
part of the curve being used is shown by the heavy line. Here it is seen that
the bent portion of the curve is used.

Now to check the changes in plate current of Fig. 3. At the greatest drop
in signal voltage the plate current drops to 0.8 milliampere. At the greatest
rise in signal voltage the plate current rises to 4.6 milliamperes. At zero
signal voltage, which leaves only the six-volt negative bias on the grid, the
plate current is 2.2 milliamperes. The positive peaks of signal voltage cause
the plate current to rise from 2.2 milliamperes to 4.6. milliamperes, a change
of 24 milliamperes. But the drops of signal voltage cause the plate current
to drop only from 2.2 to 0.8 milliampere, a total drop of only 14 milliam-
peres.

Now the three volt rise in signal voltage causes a change of 2.4 milliamperes
in plate current but the corresponding three-volt drop in signal voltage causes
a drop of only 14 milliamperes in plate current. Therefore, the even rises
and falls of signal voltage are reproduced by uneven rises and falls of plate
current so that the signal is not truthfully reproduced in the plate current
changes. This means distortion. This distortion is due to too grcat a negative
grid bias causing the tube to operate on the bent part of its grid voltage-
plate current curve.

Effect on Signal Volume.—An examination of the curves in
Figs. 1, 2 and 3 shows that the greater the negative bias on the
grid the less will be the volume of signal delivered as represented
by plate current from the tube. With zero grid bias in Fig. 1 the
average plate current is 7.4 milliamperes; with the three-volt nega-
tive bias of Fig. 2 the average plate current drops to 4.8 milliam-
peres; while with the six-volt bias of Fig. 3 the average plate cur-
rent has gone down to 2.2 milliamperes. The signal volume will be
proportionate to these currents of 7.4, 4.8 and 2.2 milliamperes.
Proper grid bias reduces the volume while improving the quality
of reproduction.

Effect of Positive Bias.—It might be thought that the condi-
tion shown by Fig. 1 with no negative grid bias, would be satisfac-
tory since operation is on the straight part of the curve and the
rise and fall of plate current appears to be proportionate to the
rise and fall of signal voltage. But because the grid voltage be-
comes positive for a part of the time there is distortion as will ap-
pear upon examination of Figs. 4 and 5.

In normal operation the flow of plate current is accompanied by a flow of
electrons from the heated filament to the plate in the tube. The plate is at a
positive voltage and the positive charge on the plate attracts the electrons.
But there will be no flow of electrons to anything that is at zero voltage or
at negative voltage.

In Fig. 4 electrons are being emitted by the hot filament and many of them
get far enough away from the filament to be attracted to the plate as shown
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by the small arrows. These electrons represent the flow of plate current in the
tube. Since the grid is negative it does not attract electrons which come into
its vicinity on their way to the plate. As indicated by the two meters all of
the current flow is in the plate circuit and none in the grid circuit.

Should the grid become positive as in Fig. 5 its positive voltage or positive
charge causcs it to act in the same way that the plate acts and part of the
electron flow is attracted to the grid as shown by the small arrows, the balance
being left for the plate circuit. Looking at the meters it will be seen that
the negative grid voltage of Fig. 4 allows the whole current of eight milli-
amperes to flow in the plate circuit while the grid is at negative voltage. But
in Fig. 5 the grid circuit has taken three milliamperes, leaving only five milli-
amperes for the plate circuit while the grid is at positive voltage. Such a
large part of the whole current would not actually be taken by the grid cir-
cuit, but these figures serve to illustrate the point.

NOCURRENT IN ALLOFTHE CURRENT ~ PART OF CURRENT PART OF CURRENT S
GRID GIRCUIT 19 INPLATECIRCUIT  IN GRID CIRCGUIT TAKEN AWAY FRoOM

C-BAT |ABAT | B-BAT.

I |

- =1+

Negative Grid Yoltage FositiveGrid Yollage

F1c. 4—Electron Flow with Fic. 5—Current in Grid Circuit
Negative Grid Bias Voltage. with Positive Bias.

Now, going back to the curve of Fig. 1; while it is true that the total
change of current is the same for a given rise of signal voltage as for an equal
fall of signal, a part of the total current on the positive half of the signal will
not go to the plate but will be attracted to the grid circuit and subtracted
from the plate circuit. Therefore, the rise of current in the plate circuit
will be less than the fall of current in this circuit for equal rises and falls of
signal voltage. Consequently the plate current rise and fall will not be exactly
ke the signal voltage rise and fall and distortion will be the result. For this
reason, the grid bias voltage must be sufficiently negative so that the greatest
increase of signal voltage will not cause the net grid voltage to become posi-
tive. This object is attained in Fig. 2. .

Amount of Grid Bias Required.—The amount of negative
voltage required for proper grid bias is determined by the voltage
of the strongest signal to be handled by the tube. In Figs. 1, 2 and
3, the strongest signal is three volts which means that the signal
voltage varies between a three-volt rise above average and a three-
volt fall below the average. It is apparent that the negative bias of

the grid must be at least equal to the greatest rise of signal voltage,
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as otherwise the positive peak of the signal voltage would cause the
grid to become positive. Therefore, a three-volt signal calls for at
least three volts of negative grid bias, a one-volt signal calls for not
less than one volt negative bias, a ten-volt signal calls for not less
than ten volts negative bias, and so on.

Determining Required Bias.—How to decide on the proper
value of negative grid bias to be employed depends to a great extent
on the means which are available for this work. If a curve of the
tube’s grid-voltage, plate current characteristic is at hand, such as
the curves shown in Figs. 1, 2 and 3, it is necessary only to measure
the negative grid voltage from the zero line over to where the curve
starts to bend. Half of this voltage is the proper amount of negative
grid bias to be used. These curves vary according to the tube
being used and vary according to the plate voltage being used on
the given tube.

In the curves of Figs. 1, 2 and 3 the straight part of the curve
goes down as far as six volts negative where it starts to bend
sharply. To avoid distortion the grid voltage must never become
positive as in Fig. 1 and for this reason we use only that part of the
curve on the negative side of the zero line. And also, to avoid dis-
tortion, the grid voltage must never become so far negative as to
work onto the bend of the curve as in Fig. 3. So we can consider
only the straight part of the curve on the negative side.

Now since this straight part of the curve must take care of both
the rise and the fall of signal voltage it must take care of the sum
of the positive signal voltage and the negative signal voltage. Con-
sequently we take half of the negative grid voltage represented by
the straight part of the curve to the left of zero as the proper
amount of negative grid bias to employ.

From the foregoing it will be seen that any given tube with a certain plate
voltage in use will handle only a certain limited signal voltage without dis-
tortion. Any greater signal voltage will either force the grid to become posi-
tive, or, if sufficient negative bias is used to prevent positive grid voltage, then

the lower bend of the curve will be used as in Fig. 3 and distortion will occur
here.

If a vacuum tube voltmeter is available the signal voltage may be measured
directly with this meter and a negative grid bias equal to the greatest signal
voltage may be used. A vacuum tube voltmeter measures the peak voltages
rather than the average voltages of the signals.

A direct current milliammeter inserted in the plate circuit may be used to
determine the correct negative grid bias as follows: It will be realized that
distortionless amplification calls for equal rises and falls of plate current to
correspond with the equal rises and falls of the signal voltage. Then the
average plate current (which is the only value measured by a direct current
milliammeter) must remain steady if distortion is to be avoided. If an extra
strong signal causes the reading of the milliammeter to show a sudden and
momentary decrease, it indicates that the strong signal voltage is forcing the
grid voltage to become positive and the signal must be reduced or else more.
plate voltage and a greater negative grid bias applied. Sudden and momentary
increases of milliammeter readings indicate that the B-battery voltage or plate
voltage is too low, or that the negative grid bias is too great, or that both the
plate voltage and biasing voltage are wrong. See also Distortion,
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BIAS, GRID, METHODS OF OBTAINING.—Various
methods of securing any desired grid bias for alternating current
tubes are shown in Figs. 9 and 11 under the heading Tube, Alter-
nating Current Type. Methods of securing a negative bias from
plate power units are shown in Figs. 10 and 11 under the heading
Power Unit, Plate Voltage Types. Methods requiring the use of
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Frc. 1 —Zero Bias with Grid Return to Negative of Filament.

batteries are described here. Zero bias, with the grid return to the
negative end of the filament is shown in Fig. 1.

In Fig. 2 is shown the method of obtaining grid bias that is com-
monly adopted when the signal voltages are small, such as in radio
frequency amplifying tubes and in the first stage of audio amplifica-
tion. The grid return is connected to the negative side of the fila-
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F1c. 2.—Bias with Grid Return to Battery Side of Resistor.

ment battery or A-battery, the negative end of the filament being
connected to the other end of the rheostat or filament control resistor.

The total voltage difference between the negative terminal of
the battery and its positive terminal is six volts. But since two
volts are being used to overcome the resistance of the rheostat, the
difference between the negative and positive ends of the filament is
only four volts. The battery end of the rheostat, to which the grid
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return is connected, is therefore two volts more negative than the
negative end of the filament. This two-volt drop is used for nega-
tive grid bias since the voltage difference between the negative end
of the filament and the grid return connection is two. At the right
of Fig. 2 is shown the effect on the net grid voltage of a two-volt
incoming signal which causes the grid voltage to change from zero
to four volts negative.

In Fig. 3 is shown the use of a C-battery for obtaining any de-
sired value of negative grid bias. This is one of the methods of
biasing employed with audio amplifier tubes which handle strong
signals or signals of great voltage. The grid return is connected to
the negative terminal of the C-battery and the positive terminal of
the C-battery is connected to the negative terminal of the A-battery.
In Fig. 3 a three-volt C-battery is shown, but the C-battery may be
of any desired voltage. Values of forty volts and more are com-
monly used with power amplifiers handling very strong signals.
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Fic. 3.—Negative Bias with C-Battery and Resistor.

With the six-volt A-battery of Fig. 3 there is a two-volt drop
shown across the rheostat. Were the grid return connected to the
battery end of the rheostat as in Fig. 2 we would have a two-volt
negative grid bias due to the voltage drop in the rheostat. But in
Fig. 3 we have added the negative voltage of the C-battery to the
drop in the rheostat. Then, starting at the grid return we have
three volts in the C-battery and two volts in the rheostat so that the
end of the filament is at five volts higher pressure than the grid
return. This makes the grid return and the grid itself five volts
negative with respect to the negative end of the filament, giving
five volts negative grid bias. The effect of a two-volt signal on the
grid voltage is shown at the right of Fig. 3 as changing the net grid
voltage from three volts negative to seven volts negative,

It will be realized that the voltage drop in the rheostat is variable
and depends on the position of the rheostat arm and the amount of
the total resistance being used. This means that the grid bias is of
variable voltage, changing with the rheostat setting. Such a condi-
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tion is not desirable since change of grid bias may have damaging
effects on the quality of amplification. The same objection applies
to the system shown in Fig. 2 or to any method utilizing the
voltage drop in a variable rheostat for grid bias. A fixed filament
resistor is not open to this objection.

Use of a C-battery in the grid return with a variable filament
rheostat placed in the positive side of the filament circuit in place
of in the negative side is shown in Fig. 4. This method provides
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Fic. 4—Negative Bias with C-Battery Alone.

a fixed and unvarying value of negative grid bias since the chang-
ing voltage drop in the rheostat is no longer in the grid return line.
With this system the negative grid bias always remains of the same
value as the voltage of the C-battery being used.

Tt is possible to use the voltage drop through the filament of one
tube as a grid bias for the following tube in an amplifier system such
as shown in Fig. 5. Two three-volt tubes have their filaments in
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FIc. 5.—Bias from Drop of Voltage Through Tube Filament.

series across a six-volt battery. The grid return for the second or
right hand tube is connected to the filament of the first or left
hand tube. Thus the grid return is connected to a point of lower
voltage than the negative voltage of the filament in the right hand
tube and the voltage drop through the filament of the left hand tube
is used as a negative grid bias for the second tube. Such a system
is well adapted for amplifiers using a power supply for filament
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current with the filaments of all tubes in series. See Power Unit,
Filament Current Types of; also Power Unit, Plate Voltage Types.

Although a positive grid bias is always to be avoided with am-
plifier tubes, it is desired with hard tubes used for detectors. To
place a positive bias on the grid it is necessary only to connect the
grid return to a point of higher voltage than the negative end of
the filament. Since the positive end of the filament is at a higher
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F1c. 6 —Obtaining Positive Grid Bias.

volt.a.ge than the negative end, connecting the grid return to the
positive end of the filament will place a positive bias on the grid.
Such a connection is shown in Fig. 6. See also Detector, witk Grid
Bias.

Yariable grid biasing voltages may be obtained with potentiometers or high
resistances as shown in Figs. 7 to 9. The potentiometers may be of 200 to 400

low voltage
grid refurn

Fic. 7—Single Biasing Voltage F1c. 8—Two Biasing Voltages
from Potentiometer. from Potentiometer.

ohms resistance each. They are connected between the negative terminal of
the B-battery or plate power unit and either the positive or negative terminal
of the A-battery or filament power unit, whichever connection may be used in
the receiver. )

The voltage drop through the potentiometers, which is applied to the grid
circuits as a bias, is equal to the current in amperes through the plate circuit
times the resistance in ohms of the part of the potentiometer being used. For
example, if the plate current is ten milliamperes or 0.01 ampere and the resist-
ance is 200 ohms, the voltage drop for grid bias will be equal to 0.01 times 200,
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or 2 volts. With 400 ohms resistance and twenty milliamperes the bias would
amount to 8 volts. There is a possible objection to this system in that the
biasing voltage will change with every change of current through the plate
circuit, However there should be a steady average current in the plate cir-
cuit at all times since any variation means that distortion is taking place.
The connections of Fig. 7 show the arrangement for a single grid return
which may, however, be for any number of tubes. In Fig. 8 two biases are
available, the high voltage bias will always be equal to the plate current times
the resistance in the whole potentiometer and the low voltage bias may be
varied. In Fig. 9 both the high voltage bias and the low voltage bias may
be varied, the high biasing voltage always being higher than the lower bias.

Low voltage High vollage
return refurn

Fic. 9—Two Variable Biases from Potentiometers.

When using any of these schemes it is advisable to connect a bypass con-
denser of at least .002 microfarad capacity between the grid return line at the
potentiometer and the side of the potentiometer attached to the A-battery.

BIAS, NEGATIVE.—See Bias, Grid.

BIAS, POSITIVE.—See Bias, Grid.

BINDERS.—Various materials are used as coating of coils for
the purpose of adding mechanical strength, of holding the wires
together and in place, and of making the coils moisture proof.
The most generally used binders include collodion, paraffine, shellac,
insulating varnish and specially prepared cements marketed under
various trade names.

While all forms of binders or cements improve a coil from the
standpoint of permanence and unchanging performance, all of them
likewise do more or less harm from the standpoint of electrical
efficiency. The principal objection is that the binder adds a certain
amount of distributed capacity to the coil and this distributed capac-
ity causes a loss of energy. The amount of harm done is in direct
proportion to the amount of binder used, therefore any cementing
material should be used sparingly and spread thinly. It should be
used only where really needed on the coil.

A good coil cement may be made from collodion dissolved in a mixture of
one-half acetone and one-half amyl acetate. The collodion may be secured
by washing the coating from photographic films in warm water. Collodion
is composed of pyroxylin or gun cotton dissolved in ether and alcohol.

Collodion, paraffine wax and many of the prepared coil cements add so
little distributed capacity at the frequencies used in broadcasting that the gain
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in permanence and reliability of performance is almost always of greater value
than the very slight loss in efficiency. Shellac and ordinary insulating varnish
cause a considerable loss in coils coated with these materials and their use
should be avoided.

The effect of different binders on the effective resistance of coils used at
broadcasting frequencies is shown in the curves. All of the coils are wound
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Effect of Binders on High Frequency Resistance of Coils.

with number 28 wire on hard rubber forms. It will be seen that the resistance
of the coil having collodion as a binder is actually less than a similar coil with
no binder of any kind. All other binders increase the resistance from twelve
to twenty-two per cent at high frequencies.

BINDING POSTS.—See Post, Binding.

BINOCULAR COIL.—See Coil, Closed Field Type.

BLANKETING.—The effect of a powerful signal from a nearby
station because of which a receiving set is unable to receive signals
from other stations operating at frequencies near that of the blanket-
ing station. The nearby station forces the receiving circuits to os-
cillate at its frequency by means of shock excitation whenever the
receiving circuits are tuned to resonance. See Selectivity.

BLOCKING CONDENSER.—See Condenser, Stopping.

BLOCKING OF TUBE.—See Tube, Blocking of.

BLOOPER.—A radiating receiver. See Re-radiation.

BLUE GLOW.—See Tube, Ionization in.

BODY CAPACITY.—See Capacity, Body.

BOOK CONDENSER.—See Condenser, Variable.

BOOSTER.—See Trap, Wave, Radio Frequency Type.

BOUND CHARGE.—See Induction, Electrostatic.

BOX LOOP.—See Loop, Box Type.

BRASS.—Brass is a metal made by alloying copper and zinc in
various proportions. Its electrical resistance varies with the com-
position. The more copper the less the resistance and the less the
mechanical strength or hardness. Resistances vary from 1.1 times
to 2.5 times that of copper of equal cross sectional area.
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Various radio receiver parts are made of brass, these parts including
brackets, condenser parts, tube socket parts, screws, etc. Brass may be easily
soldered and it is comparatively easy to drill, thread and bend into various
shapes. Brass corrodes when used near storage batteries and oxidizes slowly
in the air. To prevent oxidation brass parts are often lacquered. See also
Shielding.

BRIDGE CIRCUIT.—See Balancing.

BRIDGE, MEASUREMENTS BY.—Various forms of the
Wheatstone bridge may be used for making quick and easy measure-
ments of unknown resistances, inductances and capacities used in
radio work. The principle of the Wheatstone bridge, or Wheatstone
balance as it is sometimes called, is shown in Fig. 1. Four arms of
the bridge are connected as shown in Fig. 1, the arms being desig-
nated by the letters 4, B, X and S. Points ¢ and d are connected
to a battery or other source of voltage. Between points e and f is
connected a sensitive galvanometer or a pair of headphones.
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F1c. 1—Principle of the Fic. 2—Obtaining a Balance
Wheatstone Bridge. in the Bridge.

Current flows from the battery or other source to ¢, then divides
and flows by way of the two parallel paths A-B and X-S to point
d and back to the source. If the values in the four arms are such
that they conform to the proportion

4 X

B S
then the voltage drop from ¢ to e will be the same as the drop from
¢ to f and points ¢ and f will be at equal voltages. Since there is no
difference between the voltage at ¢ and that at f, there will be no
flow of current through the meter or phones and the bridge is then
said to be balanced.
A balanced bridge is shown in Fig. 2 where arm A4 has a value of 1, arm

B has a value of 2, arm X a value of 3 and arm S a value of 6. Substituting
these values in the above proportion or equation we have,

A X 1 3

—_—— or —_——

B S 2 6
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Under such a condition arm 4 contains one-third the total resistance of side
A-B, while the corresponding arm X contains one-third the total resistance
of side X-S. Since the ratio is the same on both sides of the bridge, points
e and f will be at the same voltage and a balance is secured.

As shown in Fig. 3, arms 4 and B are called the “ratio arms” since they
form the first part of the proportion 4:B::X:S. Arm X is formed by the
unit of unknown value which is to be measured. Arm S is formed by a known
value which may be adjusted to such a point t