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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 assimed 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............. 000000 000000000 ..Abbreviations; also Symbols
Aluminum, sheet, gauge and weight................c0ieienns Shielding
Antenna, capacity and inductance...... Antenna, Capacity and Inductance

%, frequency and wavelength....Antenna, Fundamental Frequency
Battery, dry cell, life.........ccoiviuiiiiiiincnncnnnaen Battery, Life of
Brass, sheet, gauge and weight..........ccoociiiiiiinnaan, Shielding
Call letters, international..............cc0vneenenen 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......ccovvvivnnnececens Tube, Amplification of

“ , retarding, inductance and gap.......ccccc000ccccnnns Coil, Choke
Circuit, A.C,, current, impedance, reactance..........cco0ee.e Impedance
“ | D.C., amperes, ohms, VOltS........ccoviuirrecncnrnes Law, Ohm’s

“ , parallel, resistance..........cccuu0. Resistance, Parallel Circuit
Code, International Morse......ccceeveeenvenerivrossccorcsccsoces Code
Coil, coupling coefficient.........ccccevvieeennes Coupling, Coefficient of
“ , design features, effect of.........cevvnuurnnnnn, Coil, Design of
“ , distributed capacity......ccceciiiinnniens Oascillator, R.F., Uses of
“ , elongation factor........cceveveececccccccccen Coil, Inductance of
4, Inductance.....cveeeinrieeeciirtireioeranaaons Coil, Inductance of
# , inductance, frequency effect...... Coil, Inductance of; also Resist-

ance of

# , inductance-resistance ratio................. ... Coil, Resistance of
“ , optimum coupling........ceeeveeeeeerescacccenss Coupling, Optimum
“ , resistance, binder effect..........cciviiiiiiiiiiiiieiiennns Binders
¢ , toroid, inductance.......ccociviennnnnnn Coil, Closed Field, Toroid
# , tuning, short wave......ccoevveeevnconnnnen 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).......ccoueen. Condenser, Electrolytic

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

“ , variometer tuning................ Variometer, Coupling with
Copper, sheet, gauge and weight..........cccciveviieveaiienen Shielding
Copper wire...... 0000000000000000000000000000303000aD00aAaA00 See Wire
Coupling coefficient................ 500000000000 Coupling, Coefficient of
Dielectric constants........ccccviiaeneenneecenaans Constant, Dielectric
Distances, city to city.....cooieeeiviiaceccnncees Distance, Geographical

Drills, tap and clearance sizes.......cceceeee 0000000000000 vee..Drilling



REFERENCE TABLES, FORMULAS AND GRAPHS

Frequency, assigned bands...............ooeevvvnenennns Channel, Radio
“ » Tesonant values...........oivevuvnennncnnnnnnnnnss Resonance

“ » wavelength relation...... Wavelength, Fregiuency Relation to
Inductance, coil, air COT€......0veurrunennernnnnnnnss Coil, Inductance of
“ » €Oil, QrON COTE......0oouvurenvrevnnnsnonnnnrnnsn Coil, Choke

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

d , 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.........ccovvvunvnnnnnns Loop, Antenna Action of
Metals, resistance.............evevunevrnennnnns Resistance, Materials for
“ , thickness and weight........covvvvnnrernnnnernnnnnns. Shielding
Meters, conversion to kilocycles...... Wavelength, Frequency Relation to
Metric units, conversion of...........cc0vnivnrnninnnnn. Metric System
Mileage distances, city to city................... Distance, Geographical
Resistors, current carrying ability...........oevvvvnnernrnnnnnns Resistor
Resonance, capacity and inductance...... Resonance; Meters, Frequency,
Capacity
Rheostat, resistance required..................Rheostat, Sizes Required
Screws and bolts, dimensions............... Screws and Bolts, Types of
1332110 | Ot Abbreviations; also Symbols
Thermocouple, VOItAge.....covverrrrenrreenenennrnnnns Thermo-electricity
Thermometer scales, conversion................. Temperature, Scales of
Tube, amplification factor.........ovvvneennnenenenrnens Tube, Testing of
“ , amplification, frequency eftect............. Tube, Amplification of
“ , characteristics of.................000.... Tube, Characteristics of
“ , filament emission current................... Tube, Restoration of
“ , mutual conductance...Tube, Mutual Conductance; also Testing of
“ ,plate current.......oeieiiniiiiiinieannnn. 'Tube, Amplification of
¢ , plate impedance, resistance.......... Tube, Output Resistance and
Impedance

# , plate voltage, effective................... Tube, Plate Voltages for
“ o power in watts..........ieuiinnniinnnenanns Tube, Amplification of
¢ , restoration voltage and time................. Tube, Restoration of
“ , voltage amplification...............c0.u.e. Tube, Amplification of
Volume, distance and season effect........ccovenevnnnn.. Range, Receiver
Wavelength, assigned bands............ccocvvvvnnennnn. Channel, Radio
“ , frequency relation...... Wavelength, Frequency Relation to

“ y Tesonant valueS..........coenveirecnnnennecnannn Resonance

"Wire, colors of COVEring......cevvvueernnennnnnnnnneans 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 Mmfd.  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 Ww. Energy; watt-hours
I Amperage; current X. Reactance
I.C.W. Interrupted continuous Y. Admittance; mhos

waves Z. 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 Grapk.

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 period 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 B Chargung current forms a charge
onthe condenser plates

J

4 Absorption current acts as if’
& passtng thru the dielectric:
An Abscissa. Action of Absorption and

Charging Currents.

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. o

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

LY



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 contacls 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 plate 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,

Grud Plate

Filament Filament

\\_./
Large base Connections 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 “Y.” 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



AIR CONDENSER

of air is the basis of measurement for all other dielectric constants
which are measured according to the number of times they are
greater than that of air.

Air is a good insulator at the volt’ag& 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 TUBE.—See Tube, Alternat-
ing Current Filament Supply for.

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

= nating current. The curve starting from

/\Pczsitil/e~ zero voltage, increasing to the maximum pos-

Alternation iive voltage and falling again to zero volt-

(o age completes the positive alternation of one

Ad‘grm%n 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, Okm’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.

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 volts.

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-
cause 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. Tn 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. Yet
the volume from each amplifier is the same since the final voltage is ten in
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both cases. The volume is the strength of signal delivered by an amplifier
while amplification is the number of times that the amplifier increases the
original signal strength,

ifi Amplified
Afs"t%lﬂ?d s
100t01 10to1
* | Amplification ( \/ Amplification
- y y -
We?ski éﬁizo[nmq S 6{;%% zncommg

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
‘Nu! I | i M~ L ) 1
e Tube Tube Tube Tube

Tu e
SN — e

2 Stage Amplifier /5t Stage 2nd.Stage ~ SrdSlage
“ 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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AMPLIFICATION, POWER

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 Trans-
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.




AMPLIFICATION, VOLTAGE AND POWER

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 radie
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 voltage 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 k%c‘;”tg / Grid termina/

secondaary o
transformer &

ol
Cross primar
of trang ormgr

1o B Battery

Fi1c. 1.—Voltage Amplification in a Transformer.
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F1c. 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.

LY




AMPLIFIER

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. T his 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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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 amplification 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
is, 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 satfisfactorily 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 ome 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.
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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 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 obtain 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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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 safely 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 1IN Iupepance CourrLing Corrs

Lowest No -c F e F
Tube Plate W te—25-cycle Frequency|Lowest Note—50-cycle Frequency
Resistance v
in Ohms 90% 95% 97% 90% 959, 97%
: Uniformity|\Uniformity|\Uniformity|Uniformity|\Uniformity| Uniformity
2,000 25 38 . 50 13 17 25
5,000 65 95 125 3 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
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F16. 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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It 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 audio
frequency amplifier will form a fairly satisfactory choke. The secondary ter-
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Fic. 3—Transformer Primary as Coupling Choke in Impedance Amplifier.

minals are left unconnected 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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Fio. 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 eatire 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.
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Fic. 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, POWER TYPE.—
There are three types of audio frequency amplifiers which go by
the name of power amplifiers. The first, which is the type now to

be considered, is similar in all ways to the regular audio frequency
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amplifier except that power tubes and high plate voltages are used.
The other two types are the push-pull amplifier and the amplifier
using two ordinary tubes connected in parallel with each other.
For descriptions of these other types see Amplifier, Audio Frequency,
Push-pull Type and Tube, Parallel Operation of.

A power amplifier may use power tubes in all stages but a4 power
tube in the last stage only is generally sufficient for all purposes.
Power tubes are described under the heading Tube, Amplifving
Types of. They use more filament current than the smaller tubes
and in order to operate them to advantage it is necessary to use 120
volts or more on the plates. This high plate voltage requires a cor-
respondingly high biasing voltage or C-battery voltage to prevent
distortion, therefore a power amplifier must be provided with con-
nections for inserting a C-battery or otherwise biasing the grid
return. The connections for a simple type of power amplifier are
shown in Fig. 1,
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Fic. 1.—Connections for Tube in Power Amplifier.

Since the plate circuit of the output tube of the power amplifier handles
high voltages and considerable current it is highly desirable that the direct
current for the plate should be prevented from flowing through the loud
speaker. Under the heading Speaker, Loud, Connections to Receiver are shown
scveral schemes by which the direct current is kept out of the loud speaker
while the alternating audio frequency current is passed through the speaker.
Some such arrangement should be adopted when using a power amplifier.

Parts Required in Amplifier—Power amplifiers used in con-
nection with any receiver already constructed are formed by com-
binations of the following four units:

First, a unit which supplies high voltage to the plate of the power
tube and also supplies lower voltages to the plates of all tubes in
the receiver, including audio frequency amplifiers, detector, and
radio frequency amplifiers. Units designed for this first duty are
described under the heading Power Unit, Plate Voltage T ype.

Second, a unit for supplying alternating current to the filament of
the power tube. Devices for furnishing such alternating current for
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filament heating are described under the heading Power Unit, Fila-
ment Current Types of.

Third, a unit for providing the necessary negative biasing voltage
for the grid of the power tube. The method of doing this is de-
scribed under the heading Power Unit, Complete Receiver Supply.

Fourth, a unit including the power tube with a coupling device,
usually a transformer, which connects this tube to the output from
the receiver; also an output coupling used between the power tube
and the loud speaker. This last coupling passes the audio frequency
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Fic. 2—Fosition of Power Amplifier Between Receiver and Speaker.

current changes to the speaker but keeps the high voltage direct
current from entering the speaker. It is described under Speaker,
Loud, Connection to Receiver.

The relation of these parts to one another is shown in Fig. 2. A single
transformer furnishes alternating current for heating the power tube filament,
for heating the rectifier tube filament and for rectification and filtering into
the entire plate voltage supply. The power amplifier is placed between the
receiver and the loud speaker. The power supply unit furnishes plate volt-
ages for the receiver’s tubes and for the power amplifier tube. It also fur-
nishes grid biasing voltage for the power tube. The transformer furnishes
heating current for the filaments of the power tube and rectifier tube, also
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the voltage supply which passes through the rectifier and filter system of the
power unit. This arrangement does away with all B-batteries and with the
A-battery for the power tube filament, leaving only the filaments of the re-
ceiver’s tubes to be handled from a separate A-battery.

The design and construction of complete power amplifiers of this general
type are shown under Power Unit, Amplifier Types of. In these complete
units are combined the transformer, the power unit for plate voltage and the
power amplifier with its power tube. Such units or complete power amplifiers
may be used with any type of receiver and loud speaker.

AMPLIFIER, AUDIO FREQUENCY, PUSH-PULL
TYPE.—The purpose of push-pull amplification is to obtain a great
increase of volume without overloading the tubes. The necessity
for push-pull amplification was lessened when power tubes appeared
on the market because the power tube furnishes great volume with-
out distortion and requires but a single tube where the push-pull
amplifier uses two. In push-pull amplification two tubes are used
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F16. 1.—Circuits of the Push-Pull Amplifier.

in one stage. They are not connected directly in parallel but are
used with transformers of special design so that one of the tubes
amplifies one half the signal wave or signal voltage and the other
tube amplifies the other half. See Receiver, Audio Amplifier for.
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
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-
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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

A A4 B:BAT
BAT. s B— AmMmp
— =0t
(> &
»
SWITCH ) oam %
RHEOSTATR,
B8+ p
N T PR —)
S o) N\ |10 Louo
T SN\ [SPEAKER
O OUTPUT
JACok’ OF PLATE & pe )
AUDIO P °
TRANS. INPUT TRANSFORMER. OUTPUT TRANSFORMER

F1c. 2—Layout for Single Stage of Push-Pull Amplification.
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Fig. 3.—~Two Stages of 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 Jowers 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
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and fall in the second tube is always opposite to the rise and fall in
the first one.

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.

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 previde 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.




AMPLIFIER, AUDIO FREQUENCY, RESISTANCE COUPLED

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. 3.—Arrangement of Parts in Three-Stage Resistance Amplifier.
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Fi1c. 4 —Circuit Diagram of Three-Stage Resistance Amplifier.

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 plate voltage for the last tube should be lower than for the
first two tubes since no resistance unit is used in this plate circuit.
If only one voltage is available (135 to 150 volts) 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 thg values of all units in the construction of a resistance goupled 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 one-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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Fie. 6.—Layout of Amplifier with Two Resistance Stages and One
Transformer Stage.

In any resistance coupled amplifier better amplification and volume 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, Amplifying Types 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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Fic. 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-
quegcies 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 either 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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Fic. 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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Fic. S.—Audio Amplifiers with Tubes Back of and in Front of Transformers.
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Fic. 6.—Audio Amplifier with Output at Left.

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 speaker is at the right hand end. In Fig. S 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 second 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 .005
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 each 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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Fi1c. 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
niegohms 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.

Connection t? =3
A= or other lne running
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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. Unshielded 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 are 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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F1c. 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.

TO RADIO FPEQ.
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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
}ransformer as described under Amplifier, Audio Frequency, Bypass Condensers
or.

The proper connections for using any types of jacks or stage control
switches 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-.

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
ruechanical 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 are 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
wjll 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 surrcunded 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.

Oulput Voltage

Dormeanent Nagnel

) Surface of Record

F16. 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
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F1c. 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 dmplifier, 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 pieces or placing rubber pieces at other points which will limit the mo-
tion. This mechanical damping of the vibration will limit movement of the
speaker parts so that thev 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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F1c. 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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F1c. 5.—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. 5. This unit should have a
maximum resistance of 500,000 ohms. 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-
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Fic. 6.—~Using a Battery with Phonograph Pick-up Unit.
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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.

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: Antenna, 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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F1c. 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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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 Oscillation. 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 Co#l, 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
secondary 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 ome 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 comsists 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 .000S
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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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 the 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 secondary 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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Fic. 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.

BN _
‘1 G 'y — PR,
— %:_' ._j—ssc.

==/,
ﬁvducz‘[ve?aiplzhy Capacily Coupling

F16. 3—The Two Kinds of Coupling in a Radio 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
metai 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.
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The smaller the physical size or dimensions of the primary winding and the
farther it is removed 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
secondary 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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Fic. 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. See
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.

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-
grees; one half alternation consists of 90 cooocdoaa-

electrical degrees and so on. The Amplitude of an
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-

|
AMPLITUDE

ing.

ANGLE OF LAG.—See Phase.

ANGLE OF LEAD.—See Phase.

ANION.—A negative ion is called an anion. Ions are formed
by the electrical breaking down of gases and liquids. TIons 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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Fic. 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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Fi1g. 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 or HorizonNTaL SiNGLE WIRE ANTENNA

' LT Horizontal Portion of Antenna—Length in Feet
Height in
Feet 30 ft. 45 fr. 60 ft. 75 f. 100 ft.

20 fr. 59 Mmfds | 83 Mmfds | 111 Mmifds| 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 MmfdsI 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
An.tenn.a
Height in 30 ft. 45 ft. €0 . 75 fe. 100 ft.
Hor.—Vert. | Hor.—Vert, | Hor.~Vert. | Hor.~Vert. | Hor.~Vert.
20 ft. 5940 8340 11140 13940 18240
30 ft. 58-56 81-56 109-56 131-56 175-56
40 ft. 57-711 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

.'}?t_er;lna

in P 30 f. | 45 fe. 60 ft. 75 fr. 100 fe.

Hor.=Vert. | Hor.~Vert. | Hor.—Vert. | Hor.~Vert. | Hor~Vert.

20 ft. 20-10 30-10 41-10 50-10 68-10
30 ft. 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 fe. 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 51 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-

Antemna

Ytenng .
Receiver A o/.ezfcmj
Inductance GROUND

Capacity Equivalent circuit
pactty gf‘ 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 coil, the signal strength will be
weak. By gradually increasing the degree 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
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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

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 c/ose

tuner will respond to either one of these '\‘ gr

frequencies. See Coupling, Optimum. — —,1-
The use of a coupling tube to prevent .__% -

antenna inductance and capacity from loose T

affecting the first tuned stage is shown
under Receiver, Single Control. —
The use of a tapped antenna coil or

coupler to obtain various degrees of

coupling is shown in Fig. 3. This changes .
the number of active turns in the an- F1G. 3.—Tapped Coil for Antenna

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: :

159.3
v Effective Inductance X Effective Capacity

Antenna Frequency =

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.

FunpAMENTAL FREQUENCIES AND WAVELENGTHS OF ANTENNAS

Length in Feet of Horizontal Portion of Antenna

foema | 0t 45 fu. €0 ft. 75 ft. 100 ft.

Feet

Kilo-C Meters|Kilo-C Meters|Kilo-C Meters| Kilo-C Mttn:lKilo-C Meters

20ft. | 5060 59 (3940 76 | 3145 95| 2650 113 | 2100 143
30ft. | 4360 69 | 3515 85 | 2875 104 | 2475 121 | 1980 151
40ft. [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 series 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 + fead-in

Capacity of Capacity of Capacity of
Series Condenser + " fntenna + £ad-i‘n

Total Capacity =

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 conditions 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.
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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
nearest 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 air, 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 entered 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 principle 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 pzrmanently,
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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 pcle
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 brmg
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
T O.—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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