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CHAPTER 174 

Radio Principles 
Dr. Albert Einstein discards the theory of the ether usually 

presented by writers in an attempt to explain radio transmis-
sion. Dr. Einstein derides radio's ethereal medium as fiction, 
calling it a makeshift fabricated to explain something for 
which scientists have not had the correct explanation. Ein-
stein believes it is an electro-magnetic phenomenon; so did 
Charles Proteus Steinmetz. 

Shortly before his death Steinmetz said: "There are no ether waves." He 
explained that radio and light waves are merely properties of an alter-
nating electro-magnetic field of force which extends through space. Scien-
tists, he contended, need no idea of ether. They can think better in dies 
terms of electro-magnetic waves. 

If a coil of insulated wire surround a piece of soft iron and 
a direct current be sent through the coil, it is called an electro-
magnet. The space around the coil is the magnetic field. 
When the current is increased the magnetic field increases. 
When the current is decreased the breadth of the field is re-
duced. If the current be reversed, the field is reversed. When 
an alternating current is sent through the coil the magnetic 
field alternates. The field becomes a periodic phenomenon or 
a wave, described by Steinmetz as "an alternating magnetic 
field wave." 

Steinmetz, like Einstein, pointed out that the conception of the ether 
is one of those hypotheses made in an attempt to explain some scientific 
difficulty. He declared that the more study is applied to the ether theory 
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the more unreasonable and untenable it becomes. He held it to be merely 
conservatism or lack of courage which has kept science from abandoning 
the ethereal hypothesis. 

Steinmetz called attention to the fact that belief in an ether is in con-
tradiction to the relativity theory of Einstein, since this theory holds that 
there is no absolute position or motion, but that all positions and motions 
are relative and equivalent. Thus, if science agreed that the theory of 
relativity is correct the ether theory must be abandoned. 

No space will be wasted here in talking about ether waves. 
The space surrounding a wire that carries an electric current 

is an electro-magnetic field, that is, a combination of a magnetic 
field and an electrostatic field. 

If the current and voltage alternate, the electro-magnetic field alter-
nates; that is, it is a periodic field or an electro-magnetic wave. Thus, 
the broadcast listener who wants to forget the ether can think of the 
aerial wire at the transmitter, setting up electro-magnetic waves in a field 
of electric force, which now, the theories contend, fills all space and there-
fore every receiving wire is within the field. This field, however, is sup-
posed to be in a state of rest until the broadcast transmitter causes it 
to vibrate. 

The action of the transmitter is like tapping a mold of jello. Waves 
pass through it, and so radio waves are produced in the electro-magnetic 
field. 

The transmitter taps the hypothetical medium, causing it to vibrate. 
The receiving set is designed to detect the vibrations and so intelligence 
is carried from one point to another. 

It is well known that a stone thrown into a pond causes 
ripples or waves on the surface of the water, which move away 

NOTE.—As stated by Dr. Lee de Forest: Radio is simply a cause and an effect. The 
cause is the radio transmitter. It makes an electro-magnetic splash that sets up radio waves. 
These waves travel through space in all directions. The effect is the setting up of delicate 
currents in the aerial or loop. These delicate currents are detected and converted into 
audible sounds by means of the radio receiving set. Imagine a boy operating a paddle at 
one end of a pond of still water. Ripples are set up in the water. They travel farther and 
farther away from the paddle, getting weaker as they move along until they reach a piece of 
wood which bobs up and down as it rides the waves. Put a bell on the piece of wood, in order 
that it will ring with the action of the waves, this illustrates the mechanical parallel of radio 
communication. 
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from the point of disturbance in concentric circles of ever in-
creasing diameters until they reach the shore. The number of 
waves breaking on the shore in one second is called the fre-
quency of the wave motion, and the distance between them 
measured from crest to crest, is the wave length. 
The waves are strongest at the point of disturbance and 

gradually become weaker as they travel away from that point, 
as shown in figs. 7,180 and 7,181. If the distance be sufficiently 
great they will become so weak as to be invisible. 

POINT OF DISTURBANCE 

7.180.—Effect of throwing stone in still water; production of waves which radiate or travel 
from the point where stone enters the water, cr "point of disturbance." 

NOTE.—According to Marconi radio tva,cs go is outer s>ace. In his inaugural address at 
the second meeting of the Italian Society for the Advancement of Science Sept. 11, 1930, Sen. 
Guglielmo Marconi expressed belief that radio waves may travel long distances, even millions 
of miles, beyond the earth's atmospheric layer. He said that he did not see any reason why, as 
some scientists maintain, waves produced on the earth should not travel such a distance, since 
light and heat waves reach the earth from the sun, penetrating the atmospheric layer. He re-
ferred to observations of such scientists as Stormer and Pedersen and commented that the 
former had said that electrified particles derived from the sun and under the magnetic influence 
of the earth acted as a reflector of electric waves from the earth after they had passed the so 
called Kenelly-1 leaviside layer. 
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Radio communication as has been explained is a form of 
wave motion which occurs in an electro-magnetic field, these waves 
acting in a similar manner to water waves. 

In radio communication it is first necessary to create electro-
magnetic waves in varying groups and of varying strength, and 
second to intercept them with apparatus capable of changing 
them to sound waves. 

To create the waves it is necessary to have two surfaces separated by a 
distance of from ten to several hundred feet and to create between them 
an electrical pressure which changes its direction (first toward one surface 
then toward the other) hundreds of thousands of times a second. 

y POINT OF WAVE LENGTH 

1DISTURBANCE 

CREST 

ST-R-OITIGEST 
- - 

Fie. 7,181.—Sectional view of waves produced by throwing stone in still water, illustrating 
crest of wave, wave length and gradual weakening of the waves as they travel from the point 
of disturbance. 

INVISIBLE 

WEAKEST 
_ 

It is the common practice to use the ground for one surface and provide 
another surface by erecting a structure composed of one or more wires, 
insulated from the earth and suspended many feet above it. 

Between these, by means of suitable transmitting equipment an elec-
trical pressure is produced of from one to twenty volts which starts waves 
radiating out in all directions. These pressure waves are, however, only 
part of a radio wave. From any wire in which current is flowing are 
radiated electro-magnetic waves and radio waves are made up then, of 
both electro-magnetic and pressure electrostatic waves. 

Comparing these waves to the action of hurling a rock into a pool of 
water, the amperes of electric current put into the antenna correspond to 
the size of the rock, while the volts of electrical pressure are equivalent 
to the force with which the rock is hurled. The larger the rock and the 
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greater the force behind it, the bigger the splash and consequent waves. 
The more amperes of current flowing in the antenna circuit and the greater 
the pressure (volts) between antenna and ground, the stronger the waves 
radiated. These radio waves have similar characteristics to another class 
of waves—sound waves. 

When the note C is struck on the piano (as in fig. 7,182) the sound waves 
vibrate 256 times per second and either a C tuning fork or a wire tuned 
to C and in the immediate vicinity will vibrate 256 times per second also. 
The two wires are said to be in resonance. 

RESONANCE, 
25G WAVES PER SEC. 

256 WAVES PER SEC. 

if 

PIANO STRING VIBRATES 

SYMPATHETIC, VIBRATION OF ; 
TUNING FORK (IN UNIS012!) 

C= 

7,182.—Sympathetic vibration of tuning fork with struck piano string when tuned to same 
pitch, illustrating the wave theory of radio. 

The waves radiated by a radio transmitter always have a definite num-
ber per second and in order to hear a station, the receiving equipment 
must be put in resonance with the waves radiated by the transmitter. This 
operation is known as tuning. 

Technical Terms.—For the convenience of the student defi-
nitions of the terms commonly used are here given; the list 
should be used as a reference in studying the text. 
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Radio Definitions 
A. C.—Alternating current. 

A. C. C. W.—Alternating current continuous waves. 

Aerial.—A device for receiving radio waves. 

A. F.—Audio frequency. 

Air Condenser.—A condenser in which the metal plates are separated 
by air, mechanical separation being provided by a small amount of solid 
insulating material. 

Ammeter.—Instrument for measuring electric current. 

Ampere.—The practical unit of electric current. 

Ampere Hour.—A unit of quantity of electricity. One ampere flowing 
for one hour or its equivalent. 

Amplifier.—An apparatus which delivers an electric current similar in 
form to the electric current put into it, and of greater power. The am-
plifiers commonly used employ electron tubes. 

Amplitude.—The maximum value of any vibration during a cycle. 

Antenna.—The device or part of a circuit for radiating radio waves. 

Arc.—A passage of electricity through a gas which depends on the vola-
tilization of one or both electrodes. 

Arc Transmission.—The transmission of radio messages by continuous 
waves produced by an electric arc. 

Atmosphere.—Disturbances caused in a radio receiving set by atmos-
pheric electricity. They cause grinding or crashing sounds in the telephone 
receiver and at times interfere with reception. 

Audion.—A three element vacuum tube. 

Audio Frequency.—The term applied to currents pulsating at a fre-
quency not over 10,000 cycles per second. Frequencies within the range 
of the human ear. 

Battery.—Two or more electric cells connected together in one unit. 
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Beats.—Periodic variations in the amplitude of two vibrations of slightly 
different frequencies due to the interaction of the two. 

Break-in.—An arrangement whereby the transmitting key automatically 
disconnects the receiving set from the aerial and substitutes the transmit-
ting set. 

Broadcasting.—The transmission of information, entertainment, etc., 
intended for an unlimited audience. 

Buzzer.—A type of electro-magnetic interrupter. 

By-pass.—A condenser used for providing a low impedance path for 
high frequency currents across low frequency apparatus. 

Capacity.—Electrical quality of a condenser or an antenna, somewhat 
analogous to elasticity or springiness. 

Cathode Rays.—The stream of electrons or electrical particles sent 
out from the cathode or filament of a vacuum tube. These rays are neg-
atively charged. 

Circuit.—The wires and instruments taken collectively when connected 
for a given purpose. 

Code, International.—The conventional arrangement of dots and 
dashes representing the letters of the alphabet, figures, etc., for the trans-
mission of intelligence by radio telegraphy. 

Coil Aerial.—An aerial consisting of one or more complete turns of 
wire. 

Condenser.—An apparatus consisting of insulating material (which 
may be air) between two metal plates or sets of plates. The purpose of a 
condenser is to provide capacity. 

Condenser Antenna.—An antenna consisting of two condenser plates, 
one of which may be a wire or set of wires elevated above the ground, and 
the other of which may be either the ground or another set of wires. The 
wire or set of wires elevated above the ground is only a part of the whole 
antenna. 

Continuous Waves.—Radio waves which do not vary in amplitude 
(intensity). Continuous waves are not modulated, as modulation varies 
the wave amplitude. ' 

Crystal Detector.—A device which makes incoming signals audible in 
the telephone receiver, employing a mineral across the contact with which 
more current can flow in one direction than the opposite. 
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Counterpoise.—A set of metal wires or sheet forming the lower plate 
of a condenser antenna. 

tibupler.—A device by means of which the coupling between circuits 
cati be varied in a receiving set having more than one circuit. It usually 
consists of two coils of wire so arranged that one coil can slide or rotate 
within or near the other. 

Cycle.—A complete reversal of the current in an a.c. circuit. 

Damped Wave.—Radio waves that come in groups, the successive 
waves in each group decreasing in magnitude. Damped waves are pro-
duced by spark transmitting sets. 

Design.—The electrical design of a circuit is the specification of partic-
ular values for the various constituent parts of that circuit. 

Detector.—A device which converts radio-frequency current into pul-
sating current in one direction so as to make signals audible in the tele-
phone receiver. 

Dielectric.—Any material which offers a very high resistance to the 
passage of electric current. 

Down Lead.—The wire connection from the aerial to the receiving 
set. (Also called "lead-in.") 

Electrolyte.—The active liquid in an electric battery. 

Electro-magnet.—A temporary magnet which is magnetized by the 
passage of an electric current through a wire wound around it. 

Electrostatic.—Pertaining to an electrically charged body in which 
no current flows. 

Electron Tubé.—A combination of a filament which may be heated, a 
metal plate, and a metal grid which controls the flow of electrons from the 
filament to the plate, the whole in a vacuum. The usual type of electron 
tube used as a detector or amplifier greatly resembles in appearance an 
incandescent lamp bulb. (This is called by various names, such as "audion" 
"vacuum tube" "triode," "three-electrode tube.") 

*Ether.—The hypothetical medium through which radio waves are said 
to be propagated through space. 

Fading.—Irregular variation of intensity of signals caused by actual 
variation of wave intensity. 

*NOTE.—Dr. Albert Einstein discards the theory of the ether usually presented by radio 

writers. See page 4.441. 
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Farad.—A unit of electric capacity. If a steady current of one ampere 
flow into a condenser and the voltage across the condenser be one volt at 
the end of one second, the capacity of that condenser is one farad. 

Feed back.—The energy returned to the grid, and the means for re-
turning it, in a regenerative circuit. 

Filament.—The hot element in a vacuum tube which emits the elec-
trons. 

Fleming Valve.—A two-element vacuum tube. 

Frequency.—The number of complete reversals, or cycles per second. 

Generator.—A commonly used but objectionable name for a machine 
which converts mechanical energy into electric energy. 

Grid.—The control electrode in a three element vacuum tube. 

Grid bias.—A negative pressure applied to the grid. 

Grid leak.—A high resistance connecting the grid to the filament. 

Ground.—An electrical connection to earth or to a large conductor 
which is at the earth's pressure. 

Ground Wire.—The wire connection from the receiving set to ground 
or counterpoise. 

Hard Tube.—An electron tube suitable for use as an amplifier. A tube 
having a higher vacuum than is necessary for a detector. 

Harmonics.—Waves, the frequency of which is a multiple of the main 
wave of a transmitting station. Harmonics are usually objectionable; the 
power that goes into them is wasted. 

Heaviside layer.—An assumed layer of ionized gas supposed to exit 
at an elevation of 25 or more miles above the earth's surface. 

Henry.—The practical unit of inductance. 

Heterodyne.—To produce beats with an incoming C. W. signal by 
supplying a locally generated frequency. 

Honeycomb.—A type of winding for inductance coils which resembles 
a honeycomb. 

NOTE.—The Kenelly-Heaviside layer, first postulated in 1902 by Oliver Heaviside, 
English physicist, and A. E. Kenelly, and proved to exist in 1925 by other scientists, is a con-
ducting layer of ionized gas at a level of forty to fifty kilometers (twenty-five to thirty-one miles) above 
the earth's surface during the day, rising to about ninny kilometers (fifty-six miles) at night. Its 
existence was pointed to be the behavior of long wavelength radio waves. 
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Hydrometer.—An instrument for measuring the specific gravity of 
liquids. 

I. C. W.—Interrupted continuous waves. 

Impedance.—The total opposition offered by a circuit to the passage 
of a current. The ratio of the voltage to the current produced by it. 

Impuise.—A force acting for a very short time, such as a quick blow. 

Inductance.—Electrical quality of a circuit or part of a circuit, some-
what analogous to heaviness or inertia. 

Insulator.—Any substance which does not pass an electric current. 

Interference.—Any electrical disturbance originating outside the re-
ceiving set which prevents clear reception of the desired signal. 

Interrupter.—A device which intermittently breaks or interrupts an 
electric current. 

Key.—A type of switch by means of which the current may be stopped 
and started for signaling. 

Kilocycle.-1,000 cycles. 

Lead-in.—Same as down lead. 

Line Radio.—Transmission of a high frequency current, with its ac-
companying wave field, guided by a conducting line. 

Loading Coil.—A coil of wire for increasing the inductance (and hence 
the resonance wave length) of an antenna or other circuit. 

Loop aerial.—Same as coil aerial. (There is some tendency to 
restrict "loop aerial" to a single turn coil.) 

Megohm.—The unit used to measure high resistances. One megolun 
equals 1,000,000 ohms. 

Meter.—A unit of length 39.37 inches. The usual unit for expressing 
wave lengths. 

Micro farad.—The unit of electrical capacity used to designate the ca-
pacity of condensers. It is one-millionth part of a farad. The higher :le 
rnicrofarad rating of a condenser the larger its capacity. 

Microphone.—The apparatus which picks up the sound waves at a 
oroadcasting station and produces corresponding electrical variations in 
the battery or transformer circuit of the transmitter. 

Milli-henry.—.001 henry. 

Modulation.—Variation of amplitude of the radio wave, the variation 
being at an audible frequency. 
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Motor-generator.—A combined motor and generator by means of 
which a d.c. voltage may either be stepped up to a higher value or stepped 
down to a lower. 

Natural frequency.—The frequency with which a coil is in tune by 
virtue of its inductance and distributed capacity. 

Ohm.—The unit c: electrical resistance. With the voltage remaining 
constant, the current flowing in a circuit is inversely proportional to the 
resistance in the circuit. In other words—the higher the resistance, the 
smaller the current and vice versa. 

Open Antenna.—Same as condenser antenna. 

Oscillator.—An electrical circuit for the generation of oscillations or 
high frequency currents. 

Oscillations.—Very rapid vibrations. 

Phase.—The time elapsed from the beginning of a cycle to a given in-
stant. 

Pitch.—An acoustic term describing the frequency of a tone. 

Plate.—The positive electrode in a vacuum tube. 

Potential.—Electrical pressure which determines the flow of current 
through a given resistance or impedance. The term pressure or voltage 
should be used rather than potential. 

Potentiometer.—A high resistance (200 to 300 ohms) usually con-
nected across the A battery and having a sliding contact making it pos-
sible to provide a fine adjustment of the plate voltage. Sometimes it is 
connected in a manner to provide adjustment of voltage between grid and 
filament. Sometimes called a stabilizer. In electrical engineering the 
definition of a potentiometer is entirely different. 

Primary.—The first winding of a transformer or the winding on which 
current is impressed. 

Radio frequency.—The term applied to currents pulsating at a fre-
quency too high to be heard by the human ear. Used to identify the 
currents in the antenna circuit. 

Reactance.—That part of the total impedance which is due to capacity 
and inductance. 

Reactance coil.—A coil whose reactance is large compared to its re-
sistance. 

Rectifier.—A device which converts alternating current into direct or 
pulsating current. 
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Reflex Circuit.—One in which the amplifier tubes are made to function 
as both radio and audio-frequency amplifiers simultaneously. 

Regeneration.—Increasing amplification in a vacuum tube by return-
ing part of the output to the grid to be re-amplified. 

Regenerative Receiving Set.—A set in which an electron tube is so 
connected that part of the plate circuit power is fed back to the grid cir-
cuit (by a tickler or through the tube capacity), thus building up great 
amplification. 

Relay.—An electro-magnetic switch by means of which a local power 
circuit is controlled. 

Resistance.—That part of the total impedance which is due to dissi-
pation of energy in the circuit. 

Resonance.—Condition of a radio circuit when it gives maximum re-
sponse to an impressed wave or voltage. When a circuit is in resonance 
it is also said to be tuned. 

Resonance Transformer.—Any loose coupled tuning inductance hav-
ing a primary and secondary each with a variable condenser in the circuit. 
Tuning the secondary circuit brings it in resonance with the primary, thus 
enabling signals to be heard with greatest volume. 

Rheostat.—A variable resistance used to control the filament lighting 
current of detector and amplifier tubes. 

Secondary.—The second winding of a transformer or the winding which 
delivers energy. 

Shunt.—A by-pass or an instrument connected in parallel with another. 

Signal.—Any electrical current conveying a message. 

Single-circuit Receiving Set.—.A set in which the detector is con-
nected to a coil or other circuit element in the aerial circuit. 

Soft Tube.—An electron tube suitable for use as a detector but un-
suited for use as an amplifier because of the characteristics developed by 
the residual air. Sometimes called a gas tube. 

Spark Transmission.—The transmission of radio messages by damped 
waves produced by a spark transmitting set. 

Static.—Electric disturbances due to atmospheric discharges. 

Super-audible.—A frequency which lies above the audible range. 
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Super-heterodyne.—Use of a heterodyne to produce an intermediate 
frequency lower than that of the wave frequency, the intermediate fre-
quency being in turn detected as in ordinary reception. 

Super-regeneration.—A method of amplifying in which self oscilla-
tions are prevented by periodically damping the circuit. 

Therrnionic Emission.—The emission of a stream of negative elec-
trons from a heated filament (cathode) in a vacuum tube. 

Three-electrode Tube.—Same as electron tube. 

Tickler.—A coil used to inductively feed back power from plate circuit 
to grid circuit in a regenerative receiving set. 

Tikker.—A type of interrupter used to detect C. W. signals. 

Tuning Coil.—A coil of wire for carrying the inductance (and hence the 
resonance wave lengths) of a circuit. Provision is made so that various 
. numbers of turns can be connected in circuit. When used in an antenna 
circuit a tuning coil is also a loading coil. 

Tuner.—The portion of a circuit in which tuning is done. 

Two-circuit Receiving Set.—A set in which the detector is connected 
to a secondary circuit coupled to the aerial circuit. 

Undamped waves.—Continuous waves. 

Vacuum Tube.—An evacuated bulb, or one containing a rare gas and 
having two or more elements. 

Variable Condenser.—A condenser the capacity of which can be read-
ily varied. In its usual form it is two sets of plates which interleave but do 
not touch each other, one set being rotatable. 

Vernier.—A term applied to condensers, rheostats, etc., having a means 
for providing a finer adjustment than is possible with similar apparatus not 
so equipped. Applied also to a variable condenser having only 3 or 5 plates. 

Vibration.—Rapid to and fro motion. 

Volt.—Unit of electric pressure. 

Volt meter.—Instrument for measuring electric pressure. 

Wave meter.—An instrument for measuring wave frequency (or wave 
length). 

Wave Length.—The distance between successive crests of a radio wave 
as it passes along on its way between transmitting and receiving stations. 
Wave length is inversely proportional to wave frequency. 

Wave Trap.—A resonant circuit used to eliminate an interfering signal. 
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Ammeter 
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FIGS. 7,183 to 7,216o.—Chart showing various symbols used in radio diagrams. 
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Microphone (Telephone 
Transmitter) 
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Transformer, 
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Fics. 7,183 to 7,21617—Continued. 
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RADIO VERVICt 

INTERNATIONAL MORSE CODE AND CONVENTIONAL SIGNALS 
TO •1 ORO FO• All GO•••1. FM. MOM. OtIMO CON10•ICATKOI 

I. A dada le equal to three dot. 3. The •F•t• between two letter. I. equal to them dol• 
2 The gate between parts of (k urae letter le equal to one dol. 4. The spent between two words le equal to lee dote. 

X (German) 
• • 

or À (Spuiderudiroiii) 
• rm. mg • ,••• 

CH (German-Spanish) 
M.. 

(French) 
• • uns • • 

R (Spanish) 
mon sm • im 

45 (German) 
• 

I/ (German) 
• • 

e um ma mu ma 

2 • • mu me me 

3 • • s om. 

Asee•wm 

6 m, • • • • 

wm me • • • 

8 It« em • • 

9 • 

o 

Perjod  ee •• 4.• 

Semicolon   mi. • mi • •m • 

Comma  • lew • am • 

Colon   wm • • • 

Interrogation..   • • ml ••• • • 

Radasnation peint  arm • ow« met 

Apostrophe  . • MI • 

111Phes  em • • • • ••• 

• Bar indicating fraction  gm • • ram • 

Parenthesis  1m • no mg • me 

Inverted eommas  • m" • • • 

Underline  • • wm MR • M. 

Double disk  • • • MI 

Distress Call  • • • am me ma • • • 

Attention sell to peered. orrery temismissien  me • ma • im 

Gaited inenh7 call 

From (de) 

- • •11•11 • IMR • •••I 

Invitation to transmit (go ahead) ....... ma • am 

Warning—high power  

Question (please repeat after   
rupting bug messages  • • me mu • • 

- •••• • • MI 

Walt  ......-  • MO I. • • 

Break (Bk.) (double dash)  el  •MI • • • Pa 

Understand .. a- • • • 

Error  

Received (O. R.)  • mi • 

Position reme(t(' precede all pukka mes-
sages)  am • am • 

End of each message (cross)   • nm • arm • 

Transmission finished (end of work) (cmclu-
Edon of correspondence.)  • • • • me 
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Watt.—Unit of power. Voltage multiplied by amperage. 

Wired Radio.—Application of the principles of radio to communication 
over wires. 

Essentials of Radio Communication.—Although there is a 
great multiplicity of "radio sets," the performance of a num-
ber of these consists of just four functions known as: 

1. Reception; 

2. Selection; 

3. Detection; 

4. Audition. 

7,217.—Aerial for reception of the radio waves. 

and in those sets of greater refinement there is an additional 
function known as: 

5. Amplification. 

Reception.—The aerial is that part of the radio apparatus 
which receives or "catches" the radio waves and leads them to 
the selection part of the set. A typical aerial is shown in fig. 
7,217. 

Selection.—When several transmitting stations are broad-
casting at the same time it is necessary to provide means for 
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cutting out or making the apparatus non-responsive to all 
stations except the one it is desired to hear. This function is 
called selection and is accomplished by a process called tuning. 

It is found that in a circuit containing inductance and capacity, certain 
combinations of these give much greater response than others to a given 
wave length. Hence, if each broadcasting station have a different wave 
length, the receiving set can be tuned to respond to any selected station by 
adjusting the relative amounts of inductance and capacity. 

HIGH FREQUENCY A.G. 

1. RECEPTION 

AERIAL (FIXED CAPACITY) 

VARIABLE 
CAPACITY 

-7. 
7,218.—Aerial and tuning coil, which provide a fixed capacity and variable inductance, 

the essential elements in the simplest form of circuit necessary for tuning. 

2. SELECTION 

When the strength of the signals from the selected station is greatest, 
the circuit is in tune or in resonance with the incoming wave length, or 
frequency, and then only a very small impulse is required to start large 
current in the circuit. 

In the simplest form of set the inductance is varied by means of a tuning 
coil and variable condenser, so that any amount of inductance relative to 
the capacity of the aerial may be obtained to tune to a given wave length 
as shown in fig. 7,218. 

Detection.—This third essential function consists in convert-
ing the alternating current in the aerial and inductance coil into a 
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pulsating uni-directional current so as to make the transmitted 
signals audible in the telephone receiver. 
The part of the apparatus that converts the current is 

called a detector. 

A detector is essential because the human ear is not responsive to vibra-
tions above a few thousand per second. The detector changes the high 

I. RECEPTION 

LOW FREQUENCY 
PU L SATING 

UNI-DIRECTIONAL CURRENT 

C>C> vame 

12. SELECTION 

GROUND 

CRYSTAL DETECTOR 

3. DETECTION 
7,219.—Addition of crystal detector to the single circuit of fig. 7,218, the essential ele-

ment necessary for detection. 

frequency currehts to impulses traveling in one direction in the circuit to 
the number of 100 to a few thousand per second. The simplest form of 
detector is known as the crystal detector. Galena, silicon, and carborundum 
are the names of three of the crystals used. 

The purpose of the head receivers is to change the impulses 
of direct (one way travel) current to sound waves which can 
be heard. 

The essential elements of the simplest circuit for reception, selection 
and detection are shown in fig. 7,219. 
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Audition.—The high frequency impulses having been rectified 
and reduced to audible limits by the detector it is only neces-
sary to add telephone head receivers to change these impulses 
to sound waves so they can be heard. 

Fig. 7,220 shows this addition to the set, for simplicity a single receiver 
being shown. The latter it will be seen consists essentially of an electro-
magnet and a sensitive diaphragm which vibrates to produce sound waves 
as influenced by the low frequency pulsating uni-directional current de-
livered by the detector. 

I. RECEPTION 

ELECTRO- MAGNET 

TELEPHONE RECEIVER 

llt 

3. DETECTION 
CONDENSE 

Z. SELECTION 

GROUND 4. AUDITION 

SOUND 
WAVES 

PRODUCED 
HERE 

DIAPHRAGM 

Fm. 7,220.—Addition of telephone receiver with condenser to the simple circuit of fig. 7,219, 
the essential element for audition. 

The receiver is assisted in converting the pulsating uni-directional current 
coming from the detector by a condenser placed in circuit as shown. This 
condenser alternately receives and gives up charges, responsive to the 
state of the pulsating uni-directional current. Fig. 7,221 shows a crystal 
detector set as actually constructed for the four functions indicated in 
fig. 7,220, except that fig. 7,221 shows a variable inductance coil. 

Summary 

(Operation of simple crystal detector set shown in fig. 7,221.) 

Aerial.—Converts radio waves into an alternating current of high 
frequency. 
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Inductance Coil.—Forms, together with the aerial, a circuit which 
can be tuned to respond to the incoming radio wave. In this set it alone 
constitutes the "tuner." 

Crystal Detector.—Converts the alternating current in the aerial 
into a pulsating uni-directional current. 

Telephone Receivers.—Convert the pulsating uni-directional current 
into sound. 

AERIAL 

INSULATOR 

TUNING 
CON DEN 

COIL 4" DIAM 
X 5" LONG 
109 TURNS OF 
22 D.C.C. 
WIRE 

CRYSTAL 
DETECTOR 

CONDENSER 
CAPACITY 
00025 MFD 

Z RECEIVER d 
---a. 

 GROUND CLAMP 

FIG. 7,221.—Small crystal detector set as actually constructed corresponding to the ele-
mentary set shown in fig. 7,220, with exception of a variable instead of a fixed inductance coil. 

Amplification.—The word amplify means to increase or en-
large; in radio, amplification is the act or process of strengthen-
ing the radio signals, so that the more distant stations can be 
heard, and the sound augmented. The simplest set possessing 
amplification is the tuning coil set and a vacuum tube detector. 
To understand the working of this set, the principles of the 

tube should be first considered. 

Vacuum Tube Detector.—This device was first brought out 
by Dr. Lee de Forest under the trade name Audion. It is one 
of the most sensitive instruments known to science yet it 
does not require more than an elementary knowledge to use 
it in radio reception. In its simple form it consists of a glass 
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bulb, similar in shape to an electric lamp, evacuated to a , 
high degree and containing three elements: 

1. Filament; 

2. Plate; 

3. Grid. 

as shown in figs. 7,222 and 7,223. 

FILAMENT 

PLATE 

RID 

DIAGRAM OF 
V.T. 

F F GP 
Fics. 7,222 and 7,223.—View of vacuum tube showing elements and diagram of same. 

The filament is a piece of high resistance wire which is heated, by current, 
to brilliancy, as in an electric lamp. When this filament is heated it throws 
off millions of little electrical units known as negative ions. Around the 
filament is constructed a small sheet of metal (the plate) to which the ions 
can go, and so return to the circuit. Ions can travel only from the hot 
filament to the comparatively cold plate and cannot reverse and go the 
other way. It is this property which is utilized when employing the vacuum 
tube as a detector for changing the radio waves of vibrating current into 
direct current impulses. It is necessary to have some means of controlling 
the number of ions which reach the plate and for this the "grid" is inserted. 

The grid consists of a closely wound spiral or finely woven screen of wire 
surrounding the filament and through which the ions must pass to reach 
the plate. Interposed in the path from filament to plate, any electrical 
charge put upon it from the aerial circuit will either increase or decrease 
the ions reaching the plate and so vary the current through the head re-
ceivers. 
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The vacuum tube is used in radio for four purposes. 

1. As a detector of received radio currents. (Instead of a 
crystal detector.) 

FLOW OF CURRENT 

FLOW OF 
ELECTRONS 

B 
MILLI 

MAULS 

FLOW OF 
CURRENT 

FIGS. 7,224 to 7,226.—Diagrams illustrating the operation of the three element vacuum tube. 
A plate filament circuit is secured by the electrons traveling from the filament to the plate, since 
they are attracted by the plate positively charged, although the current from the battery B, 
is arbitrarily said to flow in this circuit from the "gale to the filament. If the grid be con-
nected as shown above in fig. 7,225, including in this circuit a battery and a milli-ammeter, 
a current will flow in the grid circuit because a certain number of electrons are stopped by the 
positively charged grid which allows the current of the battery B' to flow in the grid filament 
circuit. Now if the polarity of the grid be changed as in fig. 7,226, the flow of electrons from 
the filament, when the grid is negative is repulsed, for in this case the electrons are negatively 
charged. Accordingly, the current from the plate, having no path, is suddenly stopped. 
Evidently then the grid acts as an automatic interrupter. 

FLOW OF ELECTRONS ELECTRONS REPULSED 51 ow 

2. As an amplifier of received currents. (For greatly in-
reasing the loudness of signals received.) 

3. As a generator of alternating currents. (For radio tele-
phony and telegraphy.) 

The tube acts as a detector on account of its rectifying action; that is, 
the incoming high frequency alternating current is rectified or changed to 
a uni-directional current, one half of the alternating (the positive side) being 
permitted to pass through to the filament circuit, thence to the phones. 
The natural amplifying property of the tube is that when properly con-

nected, it will add current from a battery connected in one of the circuits 
to the signals, making them much louder when passed through head re-
ceivers or a loud speaker. 
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4. As a transmitter, 

Direct current is converted into high frequency alternating current using 
large tubes to change 350, 500, 1,000 or 2,000 volt d.c. to a.c. of frequency 
of 50,000 to 2,000,000, per second. 

For the operation of the tube, two batteries are used, known 
as the "A" battery and the "B" battery. 

AERIAL CAPACITY FIXED 

VAR I ABLE 
CONDENSER 

Ftcs. 7,227 and 7,228.—Tuning methods 1. Aerial capacity fixed. Fig. 7,227, variable con-
denser fixed inductance coil: fig. 7,228, variable condenser with inductive coupling. 

It should be noted that the amount of B battery voltage applied to the 
plate of the tube determines whether the tube will operate simply as a 
detector, or as an amplifier in addition to its function as detector. 
The A battery is used to heat the filament of the vacuum tube, the 

amount of current drawn from the battery being controlled by a rheostat 
which serves to bring the filamentlo the proper temperature for best re-
sults; usually a 6 volt storage battery is used. 

The B battery furnishes the local energy which amplifies the receiving 
signals so as to ncrease the loudness of tone produced in the head receivers 
or loud speaker. It is connected through the proper terminal to the plate 
circuit to create a difference of voltage between the filament and the plate. 
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Methods of Selection.—In the simple circuits thus far shown, 
tuning the apparatus's° that it will respond to the desired wave 
length is accomplished by having the capacity (that of the 
aerial) fixed and varying the inductance by means of a single 
slider tuning coil. 

Selection may be accomplished in numerous other ways. 
The following methods (although some are old) should be noted. 

CAPACITY FIXED 

SWITCH 

SHAFT 

STATIONARY 

VARIOCOUPLER VARIOMETER 

NO TAPS 

FIGS. 7,229 and 7,230.—Tuning methods 2. Capacity fixed. Fig. 7,229, variocoupler 
mutual induction principle; fig. 7,230, variometer, combination of self-induction and mutual 
induction principles. These are old methods but show principles. 

1. Capacity fixed, variable inductance. 
a. One slider tuning coil; c. Variocoupler; 

b. Two slider tuning coil; d. Variometer. 

2. Capacity variable, inductance fixed. 
3. Capacity and inductance variable. 
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These various methods are shown in figs. 7,229 to 7,232. 

Using a single slide tuner, as in fig. 7,221, will not give tuning sharp 
enough to cut out serious interference. The efficiency is increased by 
using two slides. The coil of fig. 7,221 is a primary induction coil (single 
coil) and it works on the principle of self-induction. It works on the 

CAPACITY 
VARIABLE 

INDUCTANCE 
CAPACITY } VARIABLE 

VARIOMETER 

VARIABLE CONDENSER VARIABLE CONDENSER 

FIGS. 7,231 and 7,232.—Tuning methods 3. Fig. 7,231, capacity variable by use of vari-
able condenser, fixed inductance; fig. 7,232, both inductance and capacity variable. 

principle of self-induction as distinguished from a secondary induction 
coil which consists of two coils with no metal connection between, work-
ing on the principle of mutual induction; that is, use is made of the mag-
netic field set up to transfer the energy from one coil to the other. 

The variocoupler (fig. 7,229) is an example of this method. Here tun-
ing is accomplished by cutting out various sections of one coil and by 
adjusting the angular position of the second coil. 
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A modification of this method is the variometer (fig. 7,230) in which 
there are no taps, but the coils are connected together at one end as shown. 

For a small wave length range a variometer can be used with connection 
similar to that of a single slide tuner. With the addiSion of a condenser 
and large size variometer a very considerable range of wave length can be 
covered. In fig. 7,231, the tuning is done by varying the capacity and in 
fig. 7,232, by varying both inductance and capacity. 

VVVVVVV 

 I   
TUBE 

RHEOSTAT 

• ;,/le 

FILAMENT 
BATTERY 

BY PASS 
CONDENSER 

— PLATE 
BATTERY 

FIG. 7,233.—Simple one tube set in which the tube acts as. ffetector and amplifier. In series 
with the grid element of the tube and aerial is a grid leak condenser, comprising a con-
denser and a high resistance in parallel as shown. The effect of this grid condenser is to 
render the tube a very sensitive detector. A rheostat is placed in the A, or filament battery 
circuit to adjust the filament current to its proper value which depends on the type of tube 
used. The by-pass condenser is shunted across the phone and B battery to furnish a low 
impedance path for the high frequency output current of the detector around the phone and 
B or plate battery. 

Amplification with Tube Detector.—The simplest set pos-
sessing amplification is the combination of the tube and tuning 
coil as shown in fig. 7,233. By using another tube or several 
additional tubes this amplification may be carried still further, 
for it is merely necessary to feed the output of one tube into 
the grid of the next tube. 
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FIG. 7,234.—Two stage a ¡din frequency amplifier. This two stage amplifier can be added to any single tube set. Instead 
of using jacks ta plug in different stages of amplification, a switch is used instead. A good amplifier tube such as the UV-201A 
should be used and plate voltage should be about 90 volts. The addition of a C battery in this amplifier will tend to eliminate 
distortion so that reception will be clearer and louder. 
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In this way the incoming radio wave may be repeated and built up until 
the amplification may be as high as 50,000,000; that is, the characteristics 
of the incoming wave may be reproduced by an exactly similar wave of 
enormously greater magnitude. 

Coupling of Amplifiers.—If more than one amplifier be used '74 
some apparatus must be interposed between successive t 
to obtain the maximum power output of the lower tube 
if possible, at the same time obtain the maximum vpl 

J811111111 
FIG. 7,235--Two stage radio frequency amplifier. Radio frequency amplifiers are used ahead 

of the detector on receiving sets. In order to prevent distortion in the case of weak signals 
several stages of amplification are used; some of these stages should be r.f. and some a.f. 

charges on the grid of the upper tube. This is generally done 
by a transformer coupling. Fig. 7,234 shows connection for 

two stage amplification. 

Radio Frequency Amplification.—By definition radio fre-
quency amplification is the amplification of the high frequency 
variations of voltage in the aerial circuit before reaching the detector 
tube. These high frequencies are known as radio frequencies 
and vary from 20,000 to 300,000,000 cycles per second. Fig. 
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7,235 is a circuit diagram showing a two stage radio frequency 
amplifier hook up. 

Audio Frequency Amplification.—By definition audio fre-
quency amplification is the amplification of the low frequency 
pulsations leaving the detector tube before being fed to the loud 
speaker. Fig. 7,236 shows a two stage audio frequency ampli-
fier hook up. 

FIG. 7,236.—Two stage audio frequency amplifier. 

LOOP AERIAL 

11 1ST 
DETECTOR 

LaQ.Q.0 

INTERMEDIATE 
FREQUENCY 
AMPLIFIER 

LOUD  
SPEAKER 

2N0 DETECTOR 
AND 
AUDIO 

AMPLIFIER 

o  

FIG. 7,237—General arrangement of super-heterodyne set showing placement of intermediate 
frequency amplifier. 
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Intermediate Frequency Amplification.—By definition inter-
mediate frequency amplification is the amplification of the inter-
mediate frequency pulsations, or, frequencies from 20,000 to 
about 75,000 cycles per second. 

Amplification at these frequencies is used in super-heterodyne receivers, 
the amplifier usually consisting of a r.f. amplifier using transformer coup-
ling, the transformer being designed to cover very high wave lengths. An 
intermediate frequency amplifier hook-up is shown in fig. 7,237. 

FIG. 7,238—Push pull amplification circuit. This method of amplification requires two tubes 
of the same type in each stage. The grids of the tubes are not connected together, as is the 
case in parallel operation, but are connected to opposite ends of a mid tapped transformer 
secondary. The mid tap is used as a common connection for making connection to the 
negative bias voltage of the grids. The grid voltage varies due to the impressed alternating 
voltage, which causes the grid to be alternately more and less negative. In push pull opera-
tion the grid of one tube is most negative when the grid of the other tube is least negative; 
therefore, as the plate current of one tube increases the plate current of the other tube 
decreases. To describe this action the word push pull was coined. The action is similar to 
the operation of a hand car, where one operator pushes on the cross bar as the other pulls, 
and vice versa. A push pull parallel stage is one in which two or more of push pull circuits 
are used in parallel. 

Push-Pull Amplification.—By definition push-pull amplifi-
cation is a method of generating more power for the loud speaker 
than usually obtained by audio amplifiers. In the last stage 
two tubes are thus employed and so connected as shown in 
fig. 7,238 that they are used alternately on the two halves of 
each a .f. cycle. 
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TEST QUESTIONS 

1. What is Dr. Einstein's theory of the ether? 
2. What happens when a stone is thrown into a pond? 
3. What does Marconi say about radio waves? 
4. Compare radio waves with water waves. 
5. Draw diagram illustrating resonance. 
6. Give definitions of radio terms. 
7. What is the Kennelly-Heaviside layer? 
8. Give symbols for the various pieces of radio apparatus. 
9. What are the International Morse signals for letters 

of the alphabet? 
10. Is the Morse system of signals the only one used? 
11. What are the four essentials of radio communication? 

12. How are radio waves received? 

13. What is tuning? 
14. How are radio signals made audible in the telephone 

receivers? 

15. Explain audition in detail. 
16. What is a vacuum tube? 
17. How does a vacuum tube work? 
18. Name three uses made of vacuum tubes in radio. 

19. Explain use of A battery and B battery. 

20. Explain the different methods of tuning. 
21. How is amplification obtained with tube detector? 
22. Draw a diagram showing two stage audio frequency 

amplifier circuit. 
23. Explain the coupling of amplifiers. 
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CHAPTER 175 

Vacuum Tubes 
The name vacuum tube, which is descriptive of the fact that 

a high vacuum is required for operation, is widely used in 
America to designate what in England is familiarly known as 
a valve, a term which is roughly descriptive of the operation 
of the tube. There are a great many different types of vacuum 

7,239.—How a tube works 1. Electrons are thrown off by a heated filament. If no 
means be provided for drawing the emitted electrons away from the filament, they will fall 
back as rapidly as they are emitted and the space surrounding the filament will be filled with 
a constant number of electrons. 

7,240.—How a tube works 2. If d.c. voltage were applied to plate making plate -I- with 
respect to the filament, electrons would be attracted to the plate and a current would be 
set up as shown. The diagram shows the current flowing from plate to filament in the tube, 
while the electrons flow from the filament to the plate. 

NOTE.—How a tube work. 3. If either the temperature of the filament, or the voltage on 
the plate be varied, the flow of current will vary, but it will always flow in the same direction. 
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tubes or valves, each of which has its own particular trade 
name, and they may be classified: 

1. With respect to communication, as 

7,24I—Three element vacuum tube illustrating application of A, B. and C batteries. The 
work of the storage A battery is to heat the filament which gives off electrons. It has no 
other function in connection with a receiving set. The source of the positive electricity which 
is applied to the plate is the B battery and its connection to the plate is through the head 
phones, amplifying transformer or loud speaker, depending on the type of amplifying circuit 
used. The third element or grid, whose function is to control the flow of electrons from the 
filament to the plate, employs the C battery which puts a negative charge on the grid thereby 
acting as a governor to retard or accelerate the flow of electrons from the filament to the plate. 

a. Transmitting; 

b. Receiving. 

2. With respect to the current, as 

a. Direct IdstrYoracgeell battery 

b. Alternating. 
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3. With respect to its use in the circuit, as 

a. Rectifier; 

b. Detector; 

c. Amplifier; 

d. Ballast. 

4. With respect to the number of elements, as 

a. Two; 

FIG. 7,242.—How a tube works 4. Electron flow can be controlled by a grid. If the grid be 
connected to the filament battery at a point half way between the filament connections as 
shown, so that the average difference of voltage between the grid and filament is zero, no 
change in the plate current will be noticed. 

Fm. 7,243.—How a tube works S. If the grid be kept positive with respect to the filament, 
the grid would aid the plate in drawing the electrons away from the filament. Since the 
grid is much closer to the filament than to the plate, its effect on the electron flow is rela-
tively greater than that of the plate. 

b. Three; 

c. Four (screen grid); 

d. Five. 

Electrons.—By definition an electron is the smallest charge of 
negative electricity known. When any substance is heated to 
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incandescence in a vacuum, it throws off into the space sur-
rounding it vast quantities of electrons—invisible small par-
ticles of negative electricity. 

Some substances throw off electrons much more readily than others, and 
the hotter the substance the greater is the number of electrons emitted. 
The reason for this is that all matter is largely composed of these particles 
of negative electricity, which are always in rapid and violent motion. The 
increase of temperature increases the speed and violence of their motion. 

FIG. 7,244 .—How a tube works 6. Many of the electrons which are speeded up by the positive 
grid will pass between the grid wires and go to the plate, but some of them will be collected by the 
grid and establish a current in the grid circuit. 

FIG. 7,245—How a tube works 7. If the grid be kept negative with respect to the filament no 
current will flow in the grid circuit, and the plate current will be reduced due to action of the 
grid in forcing some of the electrons back to the filament, as shown. 

There is always an attractive force between electrons and the sub-
stance, but when they attain a high speed, some of them overcome the 
attractive force and are "bumped off" only to return again unless some 
outside force carries them away. 

Electron and Current Flow.—If a plate be placed in a tube 
and kept positive with respect to the filament the electrons 
leaving the filament and attracted by the positive plate will 
flow from the filament to the plate as in fig. 7,246. 
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Again if the plate be kept negative with respect to the fila-
ment the electrons which tend to leave the filament will be 
held against it by the repulsion due to like negative charges as 
in fig. 7,247. 

In the first instance, as stated, electrons flow from a heated substance 
to a positive plate. This direction of flow is contrary to the usual con-
ception of the direction of flow of electricity, which is considered to be 
from positive to negative. The reason for this is that before the discovery 
of electrons, experimenters decided to consider that current flowed from 

HEATED SUBSTANC..E. ELECTRONS 
(FILAMENT) 

ELECTRONS FLOW 
TO PLATE-

PLATE 
(POSITIVE) 

ELECTRONS FORCED 
BACK ON FILAMENT 
BY NEGATIVE PLATE 

Fins. 7,246 and 7,247.—Vacuum tube diagrams illustrating electron flow. 

positive to negative as a sort of arbitrary rule. This rule has continued 
in use even though later experiments seemed to prove the contrary to be 
true. Therefore, current is always considered to flow from positive to 
negative, although the electrons actually travel in the opposite direction, 
as in fig. 7,246. 

NOTE.—Space charge. According to Prof. Taylor, if the space between filament and plate 
were to be filled with electrons, similar to the droplets of water in a cloud, then this charge 
would be called a space charge. At any point in space in the vicinity of a negative charge the 
electric field is such that it tends to repel another negative charge. Thus it is seen that between 
the filament and plate there is an electric field due to the plate tending to pull electrons to it, 
while at the same time there is another electric field repelling the electrons away from the plate, 
due to the space charge. As a result of the repelling action of the field caused by the space 
charge it is evident that the resultant electric field intensity is less than that produced by the 
B battery alone, in the space between filament and plate. From the lessened field strength it 
follows that fewer electrons will move from filament to plate during each second, and conse-
quently smaller current will flow because of it. In general, it can be stated that anything 
which reduces the intensity of the electric field in any region of space will decrease the current 
through that space. 
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PLATE 

FILAMENT 

FIG. 7,248.—Two element tube consisting of filament and plate. 

-----e--' 
" GROUND 

FIG. 7,249.—Two element vacuum tube used as detector. 
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FIG. 7,250.—Vacuum tube diagram illustrating electron and current flow. 
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NOTE.—Assume a microscopic eye and see what is happening within the radio tube as the 
filament temperature rises. Electrons will be seen coming out of the filament and moving 
away from it, in the direction of the plate. In fact, it is probable the appearance of the electrons 
would be similar to a cloud of water vapor formed in a valley between two high hills. As the 

2 2 5 rays of the setting sun ceased to 
:xi 'i•I' 3- strike the valley, the earth would 
? 

tend to cool by the process of radi-
ation. As a consequence of this 
cooling of the earth and air above 
it, moisture would condense in the 
form of fog. As time went on into 
the evening more cooling would take 
place and more fog would form. 
After sufficient time the fog would 
fill the valley and perhaps reach 
the top of the surrounding hills. 
In a very similar way the micro-
scopic eye would see a cloud of 
electrons first form around the fila-

e ment). However, in a very short 
• „IS time this cloud would expand until 

.g e it reaches and surrounds the plate. 
.P, E Now since the plate is in a region 
g surrounded by electrons the voltage 

of the plate would necessarily be el , low. In fact, it would be lower than 
the voltage of the filament. As the 

E' É temperature of the filament became 
g ÷), constant, a cloud of electrons 

would be seen filling the tube, also 
l'i e coming out of the filament with the 

e e ' simultaneous disappearance of 
,2 E, others as they condensed into the 
•ci 5 2 ,_ filament again. At this state let 

the temperature of the filament be 
raised and again observe what takes 

z a g place. If this be done, what might 
.-2 g .5 be called an explosion of electrons 

-. de from the filament will be observed. 
With an increase in filament tern-

6 ''''' perature more electrons will prob-
.?, '6' ably be present when equilibrium 

attains than at the lower tempera-

E î ture. This condition is similar to 
the case where the temperature of 

'5 9 a liquid is raised with the saturated 
1 1 vapor in contact with it. As a 

z. L"ti •  result of the increased temperature 
of the liquid the vapor density aleo C•1 cl. 

C.: t.. increases. 

2 2 
L`l 

N. N.. 
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Two Element Tube.—Formerly the two element tube was 
used as a detector, but now it is employed chiefly as a rectifier 
in power supply units. Fig. 7,249 shows a hook up with the 
tube used as a detector. 

Three Element Tube.—This is a widely used type of tube 
and may be employed as a rectifier, detector, amplifier, oscil-
lator, etc. This tube as shown in fig. 7,252 consists of a fila-
ment, grid and plate mounted in a high vacuum. 

GRID 

FILAMENT 

PLATE 

7,259.—Three element tube consisting of filament, plate and grid. 

The plate is a sheet of metal mounted so as to enclose the filament al-
most completely. 

A free electron acts as though it were a unit of negative electricity and 
as such it is strongly attracted by any object having a positive or opposite 
charge, and will be equally strongly repelled by an object having a negative 
or similar charge. 

Under operating conditions, the plate of the tube is kept 
positive with respect to the filament and, therefore, attracts the free 
electrons to it. 

Neglecting the effect of the grid for the moment, it is evident that there 
will be a continuous flow of electrons from the filament to the plate so 
long as the plate is positive with respect to the filament and so long as 
electrons are fed to the filament as fast as they are emitted from the fila-
ment. If this were not done, the filament would soon become positive 
because of the lack of negative electrons, and the plate would become 
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negative because of the surplus of negative charges. Under normal con-
ditions, then, the negative terminal of a battery or dynamo is connected 
to the filament and the positive end is connected to the plate. The path 
of the electrons is then from the filament to the plate, and back through 
the battery or dynamo to the filament. 

Since an uncontrollea flow of electricity is seldom useful, the 
grid is inserted in the tube for the purpose of controlling this flow. 

lithe grid be held at the same pressure as the plate, it will aid the plate 
in drawing electrons from the filament. If the grid be held at the same 
pressure as the filament, it will neither aid nor hinder the plate in drawing 
electrons from the filament. 

4 FILAMENT 31 

1 2 
GRID PLATE 

LOOKING AT BOTTOM OF BASE SOCKET CONNECTION 

Figs. 7,260 to 7,262.—RCA Radiation UX-226 three element amplifier tube; a.c. filament. 
It may be used for either radio frequency or transformer coupled audio frequency amplifica-
tion. It is not ordinarily suited for use as a detector or as a power output tube. 

If, however, the grid be kept negative, with respect to the filament, it 
will tend to drive back the electrons leaving the filament, and since the grid 
is between the plate and the filament, it will reduce the number of electrons 
which eventually reach the plate. 

If the grid be only slightly negative, many electrons will reach the plate 
through the open spaces between the grid wires, but the grid may be held 
sufficiently negative so that it will repel the electrons so forcibly that 
none is allowed to pass it, and the number reaching the plate falls to zero. 
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GRID 

HEATER 
FILAMENT I CATHODE 

PLATE 

FIG. 7,263.—Four element tube consisting of heater filament, plate, grid, and cathode. 

Four Element Tube.—The constantly increasing use of alter-
nating current for lighting homes has resulted in the adaptation 
of the vacuum tube as an eliminator of the A battery by heating 
the filament of the tube by alternating current. 

If the a.c. were applied direct to the filament of an ordinary 
tube, as it is employed in receiving sets, it would result in a 

GRID 
LOOKING AT BOTTOM OF BASE SOCKET CONNECTKX 

FIGS. 7,264 to 7,266.—RCA Radiotron UY-227 four element detector and amplifier tube. This 
is a general purpose tube containing a healer element which permits operation from alternating 
current. It is designed for use either as a detector or as an amplifier in c.c. radio sets operating 

from the light socket. 
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periodic variation of the voltage of the grid and plate with 
reference to the center of the filament. 

This variation of the plate and grid voltage, would cause a corresponding 
variation in plate current, which would cause a disturbing noise in the 
head phones or loud-speaker. 

To obviate noise, a fourth element is introduced in the tube, this element 
being a device for heating the cathode (ordinary filament) by radiation. 

UV -2 4 
CONTROL-GRID CONNECTION 

SCREEN METAL CO TOP 

LOOKING AT BOTTOM OF BASE SOCKET ' CONNECTION 

FIGS. 7,267 to 7,269.—RCA Radiotron UY-224 four element screen grid radio frequency amplifier. 
This screen grid amplifier tube contains a healer element which permits operation from 
alternating current. It is recommended for use primarily as a radio frequency amplifier in 
carefully shielded circuits especially designed for it. It may also be effectively used as a space 
charge grid tube or as a double grid tube in special circuits. 

Alternating current tubes are also manufactured without the indirect 
heater. Such tubes have a relatively large filament and are used in circuits 
in which a center tapped resistor is connected across the external filament circuit. 

The plate and grid circuits are then returned to the center tap of this 
resistor. These tubes are used extensively in output stages and to a lesser 
extent in radio and intermediate audio frequency amplifiers. 

Five Element Tube.—The effectiveness of the four element 
screen grid tube, particularly as a power amplifier, is limited 
by secondary emission. This phenomenon is to be observed 
in practically all forms of electronic devices; secondary emission 
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GRID 
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FILAMENT 1 CATHODE 

PLATE 

SCREEN 
GRID 

FIG. 7,270.—Five element tube consisting of heater filament, plate, grid, cathode and screen 
grid. 

is the emission of electrons by the anode (plate) caused by the 
bombardment of the original cathode ray. 

CONTROL GRID SCREEN GRID 

CATHODE GRID 

FIG. 7,271—Five element tube hook up showing how fifth element is used to eliminate secondary 
emission. If the fifth element be placed between the plate and the screen grid, and connected 
to the filament or some very low positive pressure as shown in the diagram, it is at a much 
lower voltage than the plate. This tends to drive the secondary emission electrons back to the 
plate where they belong, and prevent distortion by avoiding any subtraction from the total 
plate current. Thus the live element tube has the advantage of high screen grid amplifica-
tion, with a large power handling capacity in addition, which makes it especially suited for 
power audio amplification. 

As the electrons strike the plate at extremely high velocities, they knock 
off additional electrons. Also, the bombardment of the plate often heats 
it to an electron emitting temperature. In the ordinary triode, these 
electrons may float around for a fraction of a second and either return to 
the plate or join other electrons in the space charge. However, in the 
screen grid tube, because of the presence of another highly positive charge 
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on the screen grid, many electrons leave the vicinity of the plate and 
travel to the screen grid. These, by taking a direction exactly opposed 
to that of the electrons leaving the filament, partially nullify the effect of 
the original electrons which form the plate current. 

The reason for the five element tube is to reduce the secondary 
emission, making it possible to take full advantage of the 
screen grid amplification in power circuits. 

 CATHODE GR1O 
SCREEN GRID 
CONTROL 
GRID, 

ff  

PLATE 

s'TRO4 s 

o 
CG 

OSG PO 

OFy 

FIG. 7,272.—Interior of five element (pentode) tube showing the arrangement of the five ele-
ments. The cathode grid is connected internally to the mid-point of the filament. 

FIG. 7,273.—Five element tube base showing arrangement of the prongs. 
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In construction, the filament, control grid and plate are the 
same as in the three element tube, the screen grid is used to 
screen the control grid from the plate and the cathode grid or 
fifth element is used to screen the screen grid from the plate. 
The internal construction of the five element tube is shown 

in fig. 7,272 and its prong arrangement in fig. 7,273. 

A PLATE 
POSITIVE) 

-*ELECTRON FLOW DURING HALF WAVE —s* 

HO FLOW DURING HALF WAVE 

POSITIVE 

NEGATIVE. 

FIGS. 7.274 to 7.276.—The vacuum tube as a half weve rectifier. 

The Vacuum Tube as a Rectifier.—When alternating current 
is applied to a tube so that the plate is alternately positive and 
negative with respect to the filament during the positive half of 
the a.c. cycle, electrons will flow from the filament to the plate 
as at A, fig. 7,274. 

However, when the current reverses during the negative half, no current 
will flow as indicated at B. A rectifier tube operating on this principle is 
called a half-wave rectifier. 
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z' POSITIVE 

NEGATIVE 

Fics. 7,277 to 7,279.—The vacuum tube as a full wave rectifier. In the actual apparatus the 
hook up is such that the plate M, is positive during the positive half of the cycle and the 
plate S, is positive during the negative half of the cycle. 

TO A.C. 
LINE DOUBLE POLE 

SINGLE THROW 
,TUK4I3LER SWITCH 

UPPER HALF 
OF 

TERMINAL 
BLOCK 

125 V. DIRECTION OF 
CURRENT FLOW 

Cs AMP 
TUNGAR BULBS 

AMMETER 

DIRECTION OF TO 
CURRENT FLOW Bkt-tEFty 

7,280.—Wiring diagram of General Electric Tungar rectifier for charging a battery. In 
operation the ends of the secondary of the transformer are alternately ± and — with respect 
to the center tap. Therefore, during each half cycle of alternating voltage, the plate of one or 
the other of the Tungar bulbs is ± with respect to the filament, and a current will flow during 
each half cycle first through one tube and then through the other. The current always flows 
out of the center tap of the transformer secondary into the positive side of the storage battery, 
through the battery, through the ammeter, and then through one or the other of the Tungar 
bulbs. This current is not the steady direct current which can be obtained from a battery, 
but a pulsating current which flows always in the same direction. It is satisfactory for charg-
ing storage batteries but is not suitable for use where a steady direct current is required. 
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By adding another plate as in fig. 7,277, a uni-directional flow 
may be obtained during both halves of the cycle, in which case the 
tube is called a full wave rectifier. A practical application of 
the principle just stated is shown in fig. 7,280. 

RAD GIRON UX- 281 

TAP 

I.—RECTIFIER FILTER  OUTPUT SYSTEM —4 

30 HENRY CHOKES 

7,281.—Typical half wave rectifier circuit. 
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FIG. 7,282.—Typical full wave rectifier circuit. 
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The Vacuum Tube as a Detector.—The three element tube 
can be made to act as a detector by three different methods: 

1. By keeping the average grid voltage negative with respect 
to the filament by means of the C battery. Connect positive 
terminal to negative leg of the filament and negative terminal 
to the grid circuit. 

F. 7,283.—Circuit of grid leak and condenser detector. 

1, -7-0., 
§, -L 
r 7  

TO EITHER+ OR— 

• 

Fie. 7,284.—Circuit showing how leak may be connected from grid to filament, instee of 
across the grid condenser, as in fig. 7,283. 

2. By keeping grid positive by aid of battery. 

3. By using grid condenser and grid leak. 

Figs. 7,283 and 7,284 show two hook ups for the third method. 
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The first method is known as plate rectification, power detection, grid 
bias. In this method from 4 to 6 volts are applied to the grid of the tube 
to influence its operation by making it more or less negative. 

The grid bias is usually negative and determines the point of the char-
acteristic curve at which the tube will operate. In a sensitive receiver, 
and particularly where a tube is used as an amplifier, it is essential to 
obtain as great a change of grid current as possible. The greater the 
change of grid current the greater the change in plate current and hence 
the more powerful will be the output. By applying a negative voltage 
on the grid, it is possible to hold it at the point of maximum response. 

_L 

C, BATTERY 111 71: 

7,285.—Detector circuit with three element tube and potentiometer control of grid bias. 
In operation the filament of the tube is heated by the A battery and the plate circuit is ener-
gized by the B battery, which maintains the plate positive. By connecting the grid return 
lead to the potentiometer sliding contact any desired voltage within limit of the C battery 
may be applied to the grid; this is called biasing. 

A grid bias hook up is shown in fig. 7,285. 

Figs. 7,283 and 7,284 show two hook ups for the third 
method for making a three element tube act as a detector. 

This method is based upon the fact that the grid can act more or less 
in the same manner as the plate and attract electrons itself as soon as it 
becomes positive with respect to the filament. 

In operation, electrons are trapped on the grid, building up a negative 
pressure and the high frequency voltage variations on the grid vary around 
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a mean grid voltage which becomes increasingly negative. This reduces 
the plate current, and if the grid were insulated from the rest of the circuit, 
the action if continued long enough, would finally reduce the plate current 
to a low value and the tube would be choked or stopped. To prevent this, 
after a wave train has been received, it is necessary to remove the accu-
mulated negative charge from the grid in order to restore it to the initial 
condition for the arrival of the next wave train. 

COUPLING CONDENSER 

'PLATE 
RESISTOR 

FIG. 7,286—Resistance coupled amplifier circuit 

GRID 
C BATTERY 
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Fro. 7,287—Transformer coupled amplifier circuit. 
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This can be done by connecting a high resistance R, from J to 10 megoluns, 
known as a grid leak, either across the grid condenser C, as shown in fig. 
7,283, or directly between the grid and the filament as shown in fig. 7,284. 

The Vacuum Tube as an Amplifier.—When a three electrode 
tube is used as an amplifier, the grid is kept at a negative voltage 
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with respect to the filament. This negative grid voltage is called 
the grid bias of the tube. If an alternating voltage be added 
to the steady negative voltage of the grid, the relative negative 
voltage between the grid and the filament will vary in accord-
ance with the alternating voltage. 

Variations of the grid voltage will cause variations in the plate 
current. 
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Flu. 7,288.—Typical screen grid audio amplifier circuit. 
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7.289.—Typical space charge grid audio amplifier circuit. 

5- SWITCH TO OPEN 
CIRCUIT WHEN SET 
IS NOT IN USE 
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(1000-2000 OHMS) 

As the grid becomes more negative the plate current decreases and as 
the grid voltage becomes less negative the plate current increases. If an 
electrical impedance, such as resistance, be placed in the plate circuit, 
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between the plate and the battery, a voltage will be produced across it 
in proportion to the plate current. 

When an alternating current is impressed on the grid, a 
pulsating voltage will be produced across the resistor in the 
plate circuit. 

If the resistance in the plate circuit be sufficiently high, the pulsations 
of the voltage produced in the circuit will be greater than the alternating 
voltage impressed on the grid. Therefore, three electrode vacuum tubes 
can be used to amplify (increase) variations of voltage. 

Various types of tubes are used for various purposes. 

Tubes designed primarily to amplify alternating voltages, where the 
energy output is not important, are called voltage amplifier tubes. 

Tubes designed primarily to give a large energy output are called power 
amplifier tubes. 

TEST QUESTIONS 

1. What is the difference between a vacuum tube and a 
valve? 

2. Give a classification of vacuum tubes. 
3. What is an electron? 
4. What is the polarity of an electron? 
5. Explain electron and current flow. 
6. What happens if the plate be a, positive, or b, nega-

tive, with respect to the filament? 
7. Is the popular idea that electricity flows from positive 

to negative, correct? 
8. Describe a two element tube and explain its uses. 
9. How does a three element tube work? 



4,494 Vacuum Tubes 

10. Name the various uses made of three element tubes. 
11. What duty is performed by the grid? 
12. Describe the four element tube. 
13. How does the fourth element operate to eliminate 

noise? 
14. What is the objection to the four element screen grid 

tube when used as a power amplifier? 
15. What is secondary emission? 
16. What is the reason for the five element tube? 
17. Explain the operation of the vacuum tube as a rec-

tifier. 
18. What is the difference between a half wave rectifier 

and a full wave rectifier? 
19. Draw a circuit diagram of the Tungar rectifier. 
20. Name three methods by which the three element tube 

can be made to act as a detector. 
21. Explain plate rectification. 
22. Draw a diagram showing a grid bias hook-up. 
23. Explain in detail how a vacuum tube is used as an 

amplifier. 
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CHAPTER 176 

Principles of Receiver Circuits 

Any electrical circuit used in connection with the reception 
of radio is a receiving circuit. 
The more important receiving circuits using vacuum tubes 

are the 

1. Regenerative 

2. Super feed back 

3. Tuned frequency 

4. Reflex 

5. Inverse duplex 

6. Neutrodyne 
7. Heterodyne 
8. Autodyne 
9. Super-heterodyne 

10. Super-heterodyne with second 
harmonic oscillator 

There are various modifications of these circuits. The basic 
principles governing the working of standard receiving sets has 
been very clearly presented by Howard M. Jenkins, and will 
be included in the matter following. 

Feed Back Regeneration.—The amplifying properties of the 
three element tube can be employed to obtain what is known 
as regeneration. 

Since it is possible to have greater output energy than input 
energy, part of the output may be returned to the input side, 
thus resulting in amplification of energy or in regeneration. 

The first advance over the simple sets was the discovery that a small 
part of the amplified energy might be "fed back" to the grid circuit, and 
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7,290.—Combination diagram showing arrangement of the different units of a typical receiver with circuit diagram and wave 

chart showing how the radio waves are modified by each unit; that is, how the inaudible waves first picked up by the aerial undergo 
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combining with the incoming signal further increase the plate output. 
This process, if led to continue, and if the power feed back be enough to 
counteract all losses in the circuit, will build itself up until the circuit 
"oscillates" with disastrous results to the clarity of the signal. The best 
amount of feed back is just below this point of oscillation. 

TRAN5FoRMER 
CONDENSER COUPLER 
COUPLER 

1...CAPACITY 

'Iv < SLIDE 
COUPLER 

i  

3. CONDUCTIVE 

2. INDUCTIVE 

FIGS. 7,291 to 7,293.—Circuit diagrams showing various methods of coupling. Fig. 7.291, 
electrostatic: fig. 7,292, inductive; fig. 7,293, conductive. 

There are three methods of feeding back the plate current 
to the grid. 

1. Capacity coupling; 

2. Conductive coupling; 

3. Inductive coupling. 
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All of these return part of the amplified energy to the grid 
circuit. 

Super Feed Back.—With the ordinary sets there is a limit 
to the possible regeneration. This difficulty is overcome in the 
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FIG. 7,294.—Diagram illustrating principle of feed back regeneration. 
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super-regenerative sets. These make use of the principle that 
by introducing into the circuit an alternator, whose frequency 
is above audibility, the feed back will periodically be raised 
and lowered about the oscillation point. By this means a tre-
mendous feed back is possible, although the set is somewhat 
"critical" and difficult to adjust. The alternating current is 
usually produced by an electron tube oscillator, which may 
be a separate tube, or the detector tube itself. 
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FIG. 7,296.—Diagram illustrating the principle of tuned radiofrequency. The usual method of 
tuning is by means of a variable condenser in parallel with the secondary of the radio fre-
quency transformer. A potentiometer is used to control oscillations, as the greatest amplifi-
cation is obtained when the circuits are operated just at the point before self-oscillation starts. 

Tuned Radio Frequency.—The word tuned is defined as 
brought into resonance with the desired signal. A tuned radio 
frequency circuit is one in which the radio frequency amplifier 
circuits may be tuned to the desired wave lengths by varying 
the inductance or the capacity or both although the usual 
method of tuning is by means of a variable condenser in parallel 
with the secondary of the radio frequency transformer. 
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The Reflex Principle.—The reflex idea is one of many which 
aim to extract the maximum use of a tube or a group of tubes. 

Briefly, the incoming wave is passed through radio frequency 
amplification, is then rectified by the detector, and then passed 
again through the same tubes as used for the radio frequency 
amplification, but which now functions as audio frequency 
amplifiers. 

The current is guided through this tortuous path by inductances and 
condensers which, if proper values be used, are supposed to keep the 
current to this path. 
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7,297.—Wiring diagram of the Carborundum single tube reflex receiver modified with 
a second audio stage amplifier to provide good loud speaker volume on strong signals. V2 
is the added tube arranged as a second stage of of. amplification. 

The reflex circuit was invented by Marius Latour. 

A typical four tube reflex set uses the second and third 
tubes as amplifiers simultaneously for both the radio and the 
audio frequency amplification. 

As a result the four tubes are made to produce the effect of six. Reflexing 
may be accomplished in a number of different ways. In some cases all 
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the tubes are made to work twice. In other cases, only a part of the tubes 
are used for dual amplification. 

Inverse Duplex Principle.—A slight commercial variation of 
the reflex circuit produces the so called inverse duplex. This 
is essentially a reflex set, the refinement being that the work 
is evenly distributed between the tubes so that none is overloaded 
as in the straight reflex. 
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FIGS. 7,298 and 7,299 .—Diagrams showing current paths in ordmary reflex circuit and in inverse 
duplex circuit. In the inverse duplex circuit, fig. 7,299, the ncoming signal reaches the first 
tube where it is amplified at radio frequencies and passes to the second tube, where it is again 
amplified at radio frequencies. From the second radio frequency tube, it is passed to the 
detector tube, where it is converted to audio frequency. The current then flows back to the 
second radio frequency tube which is now used as an audio frequency amplifier. Thence it 
flows to the first radio frequency tube which acts as the second stage of audio frequency 

amplification. 

That is, the tubes which are reflexed operate more efficiently since the 
'relatively weak radio currents pass through the same tube as the stronger 
audio currents and vice-versa. 

The inverse duplex circuit (invented by David Grimes), like the reflex 
circuit uses the tubes for double duty, the first radio frequency tube being 
employed also as a second audio frequency tube and the second radio fre-
quency tube also as a first audio frequency tube. 
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Neutrodyne Principle.—The neutrodyne circuit is the inven-
tion of L. A. Hazeltine. The typical neutrodyne receiving set 
uses five tubes, employing two stages of tuned and neutralized 
radio frequency amplification, with detector and two audio fre-
quency stages. 

In the neutrodyne circuit the feed back tendency of the radio frequency 
amplification with consequent oscillation, is eliminated. This is done by 

2 CIRCUIT 

3 CIRCUIT • 
FIGS. 7.300 to 7.303.—Diagram illustrating the designations, one circuit, two circuit, three 

circuit and four circuit sets. 

specially designed small size neutralizing condensers placed between suc-
cessive tubes. The special neutralizing condensers are called neutrodons. 
The capacity of these is very low, being approximately equal to the in-
ternal capacity of a vacuum tube. By reason of this equality, any ten-
dency of a large amount of radio frequency current to pass back through 
the tube through the grid is defeated and instead is neutralized by the 
combination of the neutralizing capacities, the inter-element capacity of 
the vacuum tubes and the secondary windings of the tuned radio frequency 
transformers. This effect is in reality a bucking one, since the current 
is made to take two paths. 
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Each neutralizing condenser must be adjusted so that its 
capacity will equal that of the vacuum tube it is connected with. 

This makes possible higher ratios of radio frequency amplifications and 
if the transformers be of the tuned circuit type (by means of a variable 
condenser shunted across the secondary) the set is made very selective. 
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7,304.—Diagram illustrating the neutroelyne principle. 
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7,305.—Neutrodon variable condenser for neutralizing radio frequency circuits in neutro-
dyne receivers. 

FIG. 7,306.—Five tube neutrodyne set. If properly built and adjusted thc neutrodyne circuit 
combines ease of control with selectivity. It is excellent for both local and distant reception. 
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FIG. 7,307.—Ne/arOdyne.—This set embodies the principle of tuned radio frequency. The advantage of this over the untuned 
type lies in the fact that in the latter a frequency peak is reached too quickly. This limits the receiver to the wave band over 
which the radio frequency transformers will function. In the neutrodyne, however, the peak is so high that the receiver will 
function equally well on long and short wave lengths. It is also famous for its long distance reception. Either an outside 
aerial or a loop may be used. 
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The neutrodyne principle is applied to the radio frequency alone, the 
subsequent amplification circuit after the detector, if any, may be straight 
non-regenerative amplification, or the same circuit may be made regenera-
tive by adding a variometer; or perhaps the set may be re-flexed. 

The Heterodyne and Autodyne Principles.—This is the 
principle of the formation of a "beat" note by the superimposition 
on the incoming wave of a second wave of a slightly different fre-
quency, either a little higher or lower than the incoming or 
fundamental wave. 
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FIG. 7,308—Diagram illustrating the heterodyne principle. If R, be tuned to incoming signal 
wave length, and H, to a different frequency the difference is the beat frequency which will 
be rectified by the detector and audible in the head phones D. 

This beat note will pass through the detector and be made audible in 
the phones in the ordinary manner. There are two advantages of this 
arrangement; first, the incoming wave is materially strengthened by the 
added wave; second, the selectivity is greatly increased, for not only is the 
regular resonant circuit employed but the formation of the beat note itself 
is a highly selective process. 

The added alternating current wave may be produced by a 
separate electron tube oscillator, in which case the set is hetero-
dyne, or the detector tube may be made to function as an oscil-
lator, also in which case the set is autodyne. 
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The beat note effect may, in fact, be present in almost any set which 
employs tubes, notably the regenerative circuits. Rightly understood and 
utilized it is of importance in all kinds of reception and is necessary for the 
best results in C. W. code work. However, the average amateur does not 
realize when his set is heterodyning and fails to diagnose and allow for this 
condition, which is, to him, unwanted. Familiar manifestations of the 
pressure of beat notes are distortion, and the whistles, squeals and howls 
with which every operator of a regenerative set is acquainted. 
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FIG. 7,309 —Block diagram showing general arrangement of super-heterodyne set. 
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FIG. 7,310—Diagram illustrating the essentials of super-heterodyne set. This typical six tube set comprises an oscillator, first de-
tector, two intermediate stages, second detector, and one audio frequency stage. 
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The Super-Heterodyne Principle.—The super-heterodyne 
circuit combines the advantages of the audio frequency and 
the radio frequency amplification. From a structural and 

TO I.F.A. 

7,311.—Frequency changing portion of super-heterodyne circuit. A vacuum tube T. is 
connected as a detector and has a tuned grid circuit LI, CI, and a tuned plate circuit L2, Ce. 
Circuit 0, which has a steady high frequency current flowing in it, is coupled to the grid 
circuit by the coils. In operation, a resultant or beat wave is obtained as in figs. 7,312 
to 7,314. 
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Figs. 7,312 to 7,314.—Heterodyning of two currents. Assume that the circuit Li, Ci (in fig. 
7,311), is tuned to an incoming signal at 1,500 kilocycles and that circuit 0, is connected to 
an oscillator adjusted to have a frequency of 1,470 kilocycles. This gives a combination of 
two frequencies impressed acmes the grid circuit of the tube. These two frequencies combine 
to produce a resulting wave, as shown in 7,314, which has a frequency equal to the difference 
of the two waves, or 30 kilocycles. This different frequency which will be present in the plate 
circuit is called the intermediate frequency, and is always a lower frequency than either of 
the other two. 
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7,315.—Super-heterodyne.—Trans-continental reception with this type of receiver is not uncommon. This set employs 
an oscillator and two detectors, three stages of radio frequency and two of audio. Tuning is accomplished by means of two 
variable condensers and one or two potentiometers. An outside antenna is not necessary. List of parts: 1, loop aerial; 2, 
first detector tube; 3, oscillator tube; 4, coil 4 dia. 6 turns No. 20 D. C. C. wire; 5, coil 3%." dia. 29 turns No. 20, D. C. C. 
wire; 6, coil 2%.• dia. 2 layers, 20 turns each; 7, 25 layers, 12 turns per layer total 300 turns; 8, radio frequency transformer; 
9, 2 megohm grid leak and .00025 fixed condenser; 10, single closed circuit jack; 11, audio frequency transformer; 12, loud 
speaker; 13, .00025 fixed mica condensers; 14, .001 fixed mica condenser; 15, 1st radio frequency tube; 16, 2nd radio frequency 
tube; 17, 3rd radio frequency tube; 18, 2nd detector; 19, 1st audio frequency tube; 20, 2nd audio frequency tube; 21, rheostats; 
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flexibility point of view, audio frequency is the ideal, while 
from an electrical standpoint, radio frequency is superior. 
Super-heterodyne combines both of these advantages, by con-
verting the incoming high frequency wave to a beat wave of 
intermediate frequency by means of superimposed oscillations. 

Briefly, the super-heterodyne method of reception is one in 
which current is generated by a local oscillator at a frequency 
which, after combining with the original signal current, will be 
converted into an intermediate frequency beat current. 

INCOMING 
SIGNAL 

7,316.—Diagram illustrating principle of super-heterodyne with second harmonic oscillator. 
The oscillatory circuit M. is tuned to the frequency of the incoming signal, the circuit V, is 
tuned to one-half the frequency of the incoming signal plus or minus one-half the intermediate 
frequency, and the circuits H, and D, are tuned to the intermediate frequency. 

The intermediate beat current, which is low in frequency, can be ampli-
fied with minimum loss due to inter-electrode capacity, and then passed 
through the detector tube to be converted again, this time into an audio 
frequency current which is capable of reproducing the original signal wave 
in the phone or loud speaker. 

This frequency as stated is sufficiently low to permit the use of audio 
frequency type amplifying transformers with their attendant advantages, 
and yet retain the advantage of amplification before detection. After the 
detector, the rectified wave may be still further amplified in the regular 

FIG. 7,315.—Text continued. 

22, 400 ohm potentiometers; 23, volt meter; 24, ammeter; 25, .001 vernier variable con-
denser (43 plates); 26, .0005 vernier variable condenser (23 plates); 27, switch; 28, .002 by 
pass condenser; 29, 45 volts B bat.; 30, 6 volts storage Abat.; 31, C bat. 
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manner. This arrangement is theoretically one of the best methods for 
the reception of short wave lengths. 

Super-Heterodyne with Second Harmonic Oscillator.—In 
this hook up the second harmonic oscillator is operated on the 
principle that an oscillating vacuum tube circuit generates a cur-
rent of fundamental frequency, and also produces other oscilla-
tions which are multiples of the fundamental frequency. 

These upper frequencies in multiples of the fundamental are called 
harmonics, several of which are strong enough to be utilized in the same 
way as the fundamental. 
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7,317.—Super wave trap. This is a tuned oscillatory circuit and is used to eliminate 

interference. It consists of an inductance coil having a primary and a secondary winding. 
The variable condenser is placed in the secondary winding circuit as shown. 

Another feature of the circuit is the reduction in the number of tubes 
accomplished by reflex action. The radio frequency tube is made to per-
form the double duty of amplifying both the intermediate current and the 
incoming signal current. 
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Wave Trap.—A successful method of cutting out local inter-
ference is by means of a wave trap. The trap comprises a 
variable condenser placed in parallel with a coil. A switch 
across the coil permits switching out the trap and again re-
ceiving broadcasting from the local stations. 

TEST QUESTIONS 

1. What is a receiving circuit? 
2. Name the circuits used in radio sets. 
3. Explain feed back regeneration. 
4. Name three methods of feeding back the plate current 

to the grid. 
5. What principle is employed to obtain super feed back? 
6. What difficulty is encountered in super regenerative 

sets? 
7. Define tuned radio frequency. 
8. What is the usual method of tuning in a tuned radio 

frequency set? 
9. Explain the reflex principle. 

10. What use is made of the second and third tubes in a 
typical four tube reflex set? 

11. State the inverse duplex principle. 
12. How are the tubes used in the inverse duplex circuit? 
13. How many tubes are used in a typical neutrodyne set? 
14. How does a neutrodyne set work? 
15. How is each neutralizing condenser adjusted? 



4,512 Principles of Receiver Circuits 

16. What name is given to a neutralizing condenser? 
17. How is a high radio frequency amplification obtained 

in neutrodyne sets? 
18. Draw a diagram of a neutrodyne set. 
19. State the heterodyne and autodyne principles. 
20. What is a beat note? 
21. How does an autodyne set differ from a heterodyne set? 
22. State, 1, the super-heterodyne principle, 2, super-

heterodyne with second harmonic oscillator. 
23. What is a wave trap? 
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CHAPTER 177 

Radio 
Circuit 

Diagrams 
7,318.—Circuit diagram of 

super-Zenith receiver. The cir-
cuit comprises: three stages of 
screen grid if., a screen grid 
power detector, one resistance 
coupled stage and one stage of 
push pull audio amplification. 
A special capacity coupling is 

used between the i.f. stages. The coupling corn-
prises a single band of bus bar wire. This band is 
connected from the plate terminal of the preceding 
if. stage and coupled to the grid coil of the fol-
lowing if. stage. The position of this band is per-
manently adjusted at the factory and should never 
be altered or tampered with unless the available 
line voltage be .xtremely low. The distance from 
the coupling band to the grid or top end of the if. 
coil entirely governs the stage coupling and effi-
ciency of the set. If this band be too close to the 
grid end, excessive coupling will result, causing a 
decided lack of selectivity. If the band be placed 
too low, the result will be a lack of sensitivity. 
Midway between the coil winding is the most effi-
cient operating position. If it be found necessary 
to reset this band, insulating cement or other 
fastening substance should be applied to hold it 
in position. Loose vibration would cause fre-
quency flutter. The if. plate chokes are concealed 
beneath the if. coil base, between the base and 
sub-panel. These chokes have an inductance of 
6.75 ni.k. and can be distinguished from the de-
tector plate choke by the fact that they have 150 
less turns. If an occasion arise which necessitates 
removing an if. choke, the serviceman should 
make certain that the in. spacing is maintained 
between the choke and the r.f. coil base. Occa-
sionally and especially if the receiver remain idle 
for a long length of time, it may have a tendency 
to oscillate. This is always due to poor contact 
between the wipers and rotor bearings of the vari-
able condenser gang. It may be overcome by 
cleaning both parts with fine sandpaper or by re-
volving the dial several times to remove oxidization 
at that point. 
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7,319.—General Electric screen grid super-heterodyne receiver. It comprises a coil and condenser tuning circuit; tuned 
cf. stage using Radiotrons UY-224, the output of this stage being coupled capacitively to the grid circuit of the first detector. 
The plate circuit of the cf. stage has a high inductance coil, the oscillator output is coupled inductively to the grid coil of the 
first detector. There are two intermediate amplification stages and push pull of. stage. 
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Fie. 7,320.—Diagram of Bosch model 48 receiver showing the tuning amplifying action of the various stages. The illustration 
is divided into six sections, lettered A to F. The graphs of these sections tend to show the type of reception which might be 
expected if ear phones could be connected successively in each of the receiver sections at the points marked X. The ten hori-
zontal divisions of each graph represent the corresponding number of degrees on the tuning dial between 45 and 55. The ver-
tical divisions represent comparat.ve audibility. 
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FIG. 7,321.—Silver Mar-
shall "Bearcat" short 
wave receiver for use on 
automobiles. 
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7,322.—Schematic diagram of Super-Wasp battery model receiver for long and short waves. The various ground symbols 
indicate connections to the metal chassis of the receiver. For building this set the necessary parts are: 1 No. 705 front panel, 
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FIGS. 7,323 and 7,324.—Schematic wiring diagram Bosch model 48 receiver. In fig. 7,324 follow this portion of diagram for sets 
using volume control having resistances of 10,000 and 5,000 ohms. 

FIG. 7,322.— Text continued. 
7h X18 >048 ins., drilled and engraved; 1 No. 706 sub-panel, 8 X17 XI/16 ins, drilled with all mounting and wiring holes; 4 No. 37 
metal sub-panel brackets; 2 No. 1611 .00016 mf. variable condensers; 1 No. 1613 .00025 mf. variable condenser with bakelite 
knob; 2 No. 1282 illuminated vernier dials; 1 No. 906 rheostat, 6 ohms; 1 No. 961 tapped resistor; 2 No. 600 special Super-Wasp 
shield cans; 1 No. J5 midget condenser, 5 plates; 2 No. 391 audio amplifying transformers; 2 No. 212 five prong sockets, for plug in 
coils; 2 No. 213 four prong sockets, for audio tubes; 2 No. 206 four prong shock proof sockets, for 222 and detector tubes; 2 
pairs grid leak clips; 1 No. 758 3 megohm grid leak; 1 No. 750 100,000 ohm grid leak; 1 No. 50B fixed condenser, .0001 mf.; 
5 No. 59 fixed condensers, .01 mf.; 1 No. 130 RF choke coil; 2 sets of plug in coils, 4, packages of hardware. 
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7,325.—United States "Apex" No. 49, 5 tube battery chassis complete assembly. 
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HEADSET — 
JACK 

TO UOf 0 

DIALITE 

Fins. 7,326 and 7,327.—Schematic diagram of 
Silver Marshall "round the world" screen grid 
short wave six a.c. receiver. The parts /or 
building this receiver are: B, 1 S-M 721 
metal chassis with power cover; E, 1 S-M 812 
control escutcheon; D, 1 S-M 810 R (right) 8— 
illuminated drum dial; Cl, 1 S-M 314 .00014 

.000075 mfd. midget condenser; Li, 4 S-M 
4- ATTACHMENT 

P11» 
mfd. variable condenser; C2, 1 S-M 342 B 

plug in coils, 131L, 131M, 131N, 1310; L2, L3, 
IA, 3 S-M 277 short wave if. chokes; L6 and L7, 2 S-M 275 r f. chokes; L5 1 S-M 338 filter choke; also the following: 
SH1, 1 51-12, 2 S-M 636 tube shields; Ti. 1 S-M 260S audio transformer; T2, 1 S-M 270U push pull input transformer, T3, 1 
S-M 336U power transformer and 1 S-M 818 hook up wire; C3, 1 Polymet .00015 mfd. small moulded condenser; C4 and C5, 
2 Potter 30B by-pass condenser banks; C6, 1 Potter 674C filter condenser block; Si, 1 C-R 224 tube socket; S2, S3 and Si, 
3 C-R 227 tube socket; S4 and S5, 2 C-R 245 tube socket; S6, 1 C-R 280 tube socket; R2 and R3, 2 Durham 10,000 ohm,2 watt 
resistors (green); R4, 1 Durham 2 megohm, 1 watt resistor (red); R5, 1 Durham 200 ohm 1 watt resistor (white); R6 and R7, 
2 Yarley 840C 40 ohm CT resistor; JI, J2 and J3, 3 Yaxley 422 insulated tip jacks; J4, 1 Carter 2A closed circuit jack; RI, 1 
Carter RU 400-400 ohm resistor; R8, 1 Ohio carbon 809 ohm 3 watt resistor (green); SW, 1 H & H 1561 rotary on and off switch; 
BPI, BP2, BPS and BP4, 4 moulded binding posts; 2 KI(817 brown wood knobs; 1 cord and plug, 35% X X in. RH machine 
screws; 5 1X X‘,42 RH machine screws; 2 1X X,42 RH machine screws; 40 tg nuts; 40 No. 6 lock washers; 2 11  XX hollow 
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27 

t.4-
01 
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LAMP 
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TO OUTPUT TRANSFORM-ER v AC 
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CHASSIS 

AF 
CHOKE 
N933811 
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GND TO CHASSIS 

o 
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UNIT 
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N°275 

AF AMP 
245 

15T AF. AM 22.7 

leb74C 
CONO 
TOP 
VIEW 

7,328.—Bottom view of Silver-Marshall "round-the-world" screen grid short wave six a.c, receiver showing in detail the 
placing of parts and wires. It comprises: a fully a.c, operated screen grid short wave receiver with self contained power sup-
ply. There are four plug in coils. The receiver tunes from 16.6 to 195 meters and by means of two additional plug in coils, 
its range is increased up to 592 meters. It may be used with an indoor or outdoor antenna. The circuit consists of one stage 
of untuned a.c, screen grid if. amplification (224 tube) followed by a 227 tube tuned detector employing plug in coils with 
controllable regeneration. The detector is transformer coupled to a type 227 first audio stage which in turn feeds a 245 push 
pull power output stage. The power supply. operating from ary 105 to 120 volt, 50 to 60 cycle a.c, lighting circuit, provides 
all A, B, and C power for the receiver, and field power for an S-M type 851 d.c. dynamic speaker the field of which (1900 ohms) 
is included in the power supply filter circuit. The receiver is provided with three controls. 

Fies. 7,326 and 7,327.—Text continued, 
coil studs; 7 soldering lugs; 3 sets (one plain, one extruded) binding post insulated washers; 3 extruded tip jack washers; 3 plain 
instrument washers; 4 ft. No. 14 stranded wire; 1 grid clip. 
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Radio Circuit Diagrams 4,521 

DIAL Lt I  

SHORT â 

GROUND 

INE voLTAcp V 

PLUG 

PANEL 
SWITCH 

CONTROL 
Se 

IN feati 
«A 

JII.• 

7,329.—Wiring diagram for Grebe synchrophase a.c. six receiver designed to operate on 
110 volt 50-60 cycle a.c. supply. 

LOCAL-DISTANCE 

casa. 0X322 

YOLOME CONTE1OL 

`tet: 0.M1, 21 ViS? 
vr.211, u.ret-A 

01[317-.4 

FIG. 7,330.—Wiring diagram for Grebe synchrophase a.c. seven receiver. It was necessary in 
the design of this instrument for a.c. operation, to include an external power unit to supply 
the filament, plate and grid bias voltages. 
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7,331.—Pilot "P. E. 6" screen grid broadcast receiver. It is an inexpensive outfit that can be assembled and wired in a few 
hours. The circuit comprises two stages of tuned radio frequency amplification using screen grid tubes, with both the tubes 
and the R. F. transformers fully shielded; a non-regenerative detector, and a modern audio amplifier system of the push-pull type. 
Tuning is accomplished by a single illuminated vernier dial, the only other controls being a power switch and a volume knob. The 
set is fully a.c, operated, all the necessary filament, grid and plate voltages being furnished by a Pilot K-111 power pack, sup-
plied with the K-124 kit. 
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FIG. 7,332.—Circuit diagram for Stewart-Warner 950 screen grid receiver. It employs a combination of inductive and capacita-
tive coupling in the R. F. stages, thus producing a flat sensitivity curve over the entire broadcast band; the inductive coupling 
being most effective at the lower frequencies, and the capacitative at the higher frequencies. 
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Fic. 7,333.—Circuit diagram of RCA a.c. screen grid super-heterodyne Radiola 82. Voltage 105-125; frequency 50-60 or 25-40; 
power consumption 120 watts, 1 stage T.f.; 2 intermediate stages; 1st stage (push pull) a.f. The tone control consists of a 40,000 
ohm potentiometer in series with a .025 mfd. fixed condenser. This arrangement is shunted around a choke placed in the second 
detector plate circuit. With the resistor arm at the extreme "high" position, the reactor is shorted and the full amount of the 
resistance is placed in series with the condenser, thus giving the normal fidelity of the receiver. As the potentiometer arm is 
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R5 
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PILOT LIGHT 
SERIES 
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R3 
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CONTROL Peet& 
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D01.18LE • PHONE CONO 
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(aIns) 

Vs 
V4 TRI 

MAGNET (FIELD) COIL 
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CONDENSER 

TR2 

nwe'buAC.O.    DIAPHRAGM all ( SIAS) FLOATING) COIL 

FIG. 7,334.—Atwater Kent Model 55 six tube (and rectifier) a.c. receiver. This model does not require a long aerial. Two aerial 
posts are provided on the set marked "long antenna and short antenna." The long aerial post will give greater selectivity and 
should be used if the aerial be 30 ft. or more in length. The short aerial post should be used if a very short (inside) aerial be 
employed. If extreme selectivity be desired use a short aerial connected to the long aerial post. Indoor aerials for Model 55 
should be erected as far as possible away from grounded metal, such as pipes, electric wiring, etc. Ground connection must be 
used with Model 55. This set will also not operate (as some a.c. sets do) with either aerial post connected to the ground. The 
two cf. output tubes used in the audio stage should be matched on a tube tester, otherwise the set may hum. Do not use 
any other model of Atwater Kent speaker with Model 55, than the type F-4 or F-4C. Do not remove speaker plug from socket 
when set is in operation. The set should be operated with the local distance switch in the local position when receiving nearby 
stations. Failure to do this may result in overloading of the detector tube, which will be evidenced by a decrease of output 
volume at the resonant point on the tuning dial, as well as a slight ragged type of distortion on strong stations. 

Fin. 7,333—Text continued. 
moved toward the extreme "low" position, the choke and condenser both become effective, and thus reduce the high frequency 
output of the receiver. The amount of this reduction is dependent on the position of the potentiometer arm, operated by the 

tone control knob. 
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7,335.—Schematic diagram of Majestic screen grid super-heterodyne receiver. The set comprises a rectifier, an oscillator 

circuit, aerial compensating condenser, first and second detectors, one r.f. and one if. amplification stage, r.f. choke, power 
amplifiers and speaker. 
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FIG. 7,336.—Schematic diagram of Stromberg-Carlson No. 12 receiver. It employs three UY-224 screen grid tubes. The radio 
amplifier comprises five tuned circuits as well as a broad band inter-stage coupling transformer. Four of these tuned circuits 
are used in two "Bi-resonators" while the fifth is used to couple the radio amplifier to the detector. An automatic volume 
control circuit is employed, using a UY-227 tube. The detector also uses a UY-227 tube, and is coupled to the first audio (UY-
227) tube by means of a low ratio transformer. This first audio tube is coupled to the push pull UX-245 output tubes by a 
special large transformer. One UX-280 rectifier tube supplies the d.c. to the tubes, and another UX-280 supplies rectified 
current to the speaker field. 



LEND 
MD AWE AMT. 
0 0 0 CIO 

--t 

.7" 

RECEIVER 
UNIT 

TYPE /-R RI 

PILOT LIGHTS 

soo C7 

.21 
C2 

E 

CV 

52 

C19 1 
20 1 R2 

C21 

L7 

C12 

C8 Ci3 R/ LIS 

27 r L4 L12 '27 
CS C4 

1 L 

'LIGHT- 0•MATIC.5 Irc 

POWER UNIT 
TYPE ta•P 

MOTOR 
RECEPTACLE, 
*C MODELS 

VOLUME 
CONTROL 

C30. 1 

3 

e 
C4A 

Fa4 1 
C23 

R6 C25 

P12 

PICK-UP 
FIRST AUDIO 
TRANSK 

LI4 

C151 en 

SI 

C14 

C24 ee 

L28 

L26 L27 

R8 
479 

26 

RIO 

LIS 

RII. 

JO, .SLOSL aidt,  

110V AC 

L34 

22 

LOI 

SECOND 

DYNAMIC SPIeR SPICR INPUT TRANSF 

FIG. 7,337.—Wiring diagram of Edison R-4, R-5 and C-4 receivers. Li, L2, L3 and L4 are low frequency primaries, resonated 
to approximately 450 kilocycles by means of the condensers C5, C6, C7 and C8; L5, L6, L7 and L8 are high frequency pri-
maries, not shunted by any condenser; L9, Lb, LI1 and L12 are secondaries tuned by the variable condenser sections Cl, 
C2, C3 and C4, which are shunted by the trimming capacities CIA, C2A, C3A and C4A. Stabilization of the r.f. amplifier 
is accomplished by the use of grid circuit neutralization; that is, the employment of neutralizing condensers, C10, C11 and 
C12 connected from the plate of each r.f. amplifying tube to a coil tightly coupled to the secondary of the input transformer 
of that tube. These coils in the diagram are L5, L6 and L7, which are at the same time the high frequency primaries of the 
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7,338.—Circuit diagram of Zenith "70" series a.c. receiver. The circuit consists of two stages of tuned plate, tuned grid, 
screen grid radio frequency amplification, a screen grid power detector, one stage of resistance coupled audio amplification 
using a 27 tube, a second stage of push pull using two 27 tubes, and a third or power stage using two 45's in push pull. The 
electrolytic condenser, the voltage divider and the by-pass condenser for the grid bias of the third stage audio are placed in the 
power unit. The separate unit type condensers have been incorporated in this pack. A cover has been placed over both the 
terminal strips on the chassis and the fuse clip on the power pack. All possible wiring has been cabled. All cabled wire has a 
definite color code. The double volume control has been adopted as standard. Provision has been made to use a short aerial. 

FIG. 7 ,337 .—Text continued. 

first, second and third cf. transformers. Substantial resonance of the first cf. input circuit to the resonant frequency of the 
second and third c.f. and detector input circuits is maintained by holding the effective aerial-ground capacity to a value less 
than 100 micromicrofarads. Self bias of the first c.f. amplifying tube is secured by the use of resistor RI, by-passed by the 
capacity C20. Isolation of the cf. component of the plate current of this tube is accomplished by the use of resistor R2, and 
capacity C19. Self bias of the second and third c.f. amplifying tubes in common is effected by the resistor R3, and the section 
A. of the volume control by-passed by the capacity C23. Isolation of the c.f. components of the plate currents of those two 
tubes in common results from the use of the resistor R5 and the capacity C22. 
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Fm. 7.339.—Pictorial wiring diagram of General Electric Model H 31 screen grid super-heterodyne receiver. 
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Short Waves 4,531 

CHAPTER 178 

Short Waves 
Short waves permit broadcasting to much greater distances 

than with the longer waves regularly used, and in order to 
extend the broadcasting range some of the leading stations 
simultaneously transmit their programs on long and short 
waves. 

FIG. 7,340.—Back view of Super-Wasp a.c. short wave receiver with back halves of 
the shield cans removed. 

By definition, a short wave is any wave of a length less than 
200 meters. 



Fm. 7,341.---Under view of Super-Wasp a.c. short wave receiver show'ng arrangement of parts. 

Wave Length and Frequency.—Since the electric strain and flux lines move with the 
velocity of light, 186,300 miles per second, or 300,000,000 meters per second, the dis-
tance between two successive maxima of electric strain directed in the same direction, 
or, wave length = 300,000,000 number of waves per second. As usually expressed, 

300,000,000 
wave length — 

wave frequency in cycles per sec. 



Short Waves 4,533 

From the formula it is seen that the shorter the wave length 
the higher the frequency. 

Examples.—What are the frequencies for wave lengths of 10 and 200 
meters? From formula 1 

3 00,000,000 
wave frequency —  (2) 

wave length  
substituting 10 in formula 2 

300,000,000 
wave frequency = 10 —30,000,000 cycles or 30,000 kilocycles 

substituting 200 in formula 2 

300,000,000 
wave frequency —  200 —1,500,000 cycles or 1,500 kilocycles 

• 

Fin. 7,342.—Back view of completed Super-Wasp a.c, short wave receiver showing shield cans 
in place. 

that is, for a 10 meter wave, the frequency is (30,000 4-1,500) or 20 greatex 
than for a 200 meter wave. 

High Frequency Reception.—The requirements of receivers 
for short waves are different than for ordinary receivers on 
account of the high frequency of the short waves. 
With short waves the inductance and capacity effects between 

wires and coils are very marked. 
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Fm. 7,343.—Complete wiring diagram or super-Wasp e.z. short wave receiver. 
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All wires from grids and plates of tubes should be kept short and well 
separated. Unless care be exercised in wiring the variable condensers, 
troublesome hand capacity effects are liable to result. This makes tuning 
very difficult, and is manifested by a change in the tuning of the set when-
ever the hand is brought near the tuning dial. 

The wire from the grid of the tube to the tuning coil and condenser 
should always be connected to the stator plates of the tuning condenser, 
and the rotor plates should go to the grid return circuit. 

Complex circuits using multi-stage amplifiers are usually 
either unstable or have too many operating controls to be of 
value. 

Mf.= 

PILOTRON 
2.27 

.0IMF 

RtattER. 
CONTROL 

135 V. 180 
23V. AC- TAP' 'AcL3.5v .rp,p 

PILOTRON 
227 

7,344.—Audio amplifier system of Super-Wasp a.c, short wave receiver. The first stage is 
resistance coupled, the second stage transformer coupled. The amplification system consists of 
a detector working directly into a high resistance high capacity coupling unit, onto the grid 
of the first audio tube. This audio stage is then coupled to the last audio tube through a 
standard transformer with the primary phase arranged for negative howl tendency. A tube 
with the standard electrical amplification characteristics of the 27 is used in all three posi-
tions. The use of this first resistance stage reduced the residual hum much more than the 
reduction in audio amplification. It was found that a net gain in hum reduction resulted 
from the use of the resistance coupling in the first stage. The resistance units did not act 
like a.c. pick up coils, as did the transformer windings in this location. 

Short Wave Receivers.—These usually consist of a stage of 
radio frequency amplification followed by a regenerative detector, 
either with or without one or two stages of ordinary trans-
former coupled audio frequency amplification. The use of a 
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stage of tuned screen grid radio frequency amplification in-
creases the sensitivity greatly. 
The nature of the power supply and of the audio amplifier 

system is of little consideration. The success of the receiver 
depends mostly upon the apparatus that precedes the audio 
amplifier. 
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INLOTRON 
P 227 
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Fics. 7,343 and 7,346.—Modification of tubes to avoid hum in Super-Wasp a.c. short wave 
receiver. In the ordinary tube, fig. 7,345, it is apparent that at one instant the bottom of the 
filament will be positive while the top is negative, shortly followed by a reversal of the heating 
current which makes the bottom of the filament negative with the top positive. The elec-
tronic field within the cathode is thus rapidly twisted back and forth during each alternation 
of the heating current. A noticeable hum results. Now the construction shown in fig. 7,346 
is purposely designed to avoid this. The heating filament is doubled back on itself within 
the cathode cylinder after the fashion of a hairpin. In this arrangement, the electronic field 
is neutralized at every point and no upheavals take place on the reversals of the heating 
current. 

Most owners of short wave receivers do not fully appreciate the fact 
that the entire success of their outfits depends on how smoothly and easily 
they can control the regenerative action of the detector tube. 

Many carefully built receivers using the most expensive parts do not 
produce more than a few weak local broadcasting stations and possibly a 
dozen loud telegraph stations, simply because the detectors collapse into 
oscillation with a pronounced "plop." 

Many carelessly assembled sets using parts retrieved from the junk box 
bring in phone stations from all over the world, because the regenerative 
action has precision control. 

— 
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On account of the very great difference in frequency in the 
range of short waves it would not be practical to provide a 
tuning system for the full range that would be satisfactory, 
hence the receiver is designed for the particular wave band de-
sired or is provided with removable coils, called plug in coils, 
or condensers or both. 

These can be changed for each of the many narrow wave bands into 
which popular short wave transmission is now divided. These are, the 
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7,347.—Method used in Super-Wasp a.c. short wave receiver to kill the little oscillating cir-
cuits in the tube circuit by addition of a by-pass condenser C. The capacity of the oscillating 
system is the internal capacity of the cathode-heater combination. The inductance is that 
of the leads combined with that of the center-tapped resistance. This resistance unit actually 
has enough inductanri to be troublesome at the very short waves. The cure consists in 
merely adding a .006 m.f. condenser across one side of this center tapped inductance, so as 
to kill the resonant combination. 

7,343.—Diagram showing how 60 cycle a.c. creates oscillation in the tuned cathode circuit 
of Super-Wasp a.c. short wave receiver. 

160 meter, 80 meter, 40 meter and 20 meter amateur bands and the broad-
cast short wave bands at 50, 25 and 20 meters. Most short wave sets 
are now built with a non-removable variable tuning condenser and a num-
ber of removable plug in coils which are wound for tuning to the various 
wave bands. 

Simplest Short Wave Receiver.—In building any short wave 
receiver it is important to consider problems which, in the 
ordinary broadcast band from 550 to 1,500 kilo cycles were 



4,538 Short Waves 

'.IRFANTENNA LOTROH 
P-224 

450 OHMS 

t 2.5 V. 
A.G. 

<1> 

.25 MF 

450 OHM 
CIRCULAR 
RESISTORS 

Bi- 45v. B-I•90 V 
TAP TAP 

FIG. 7,349.—Super-Wasp diagram showing method of choking the screen grid leads. The 
chokes are cylindrically wound resistors, and perform the function of choking the plate and 
screen grid leads. They are indicated in the diagram as 450 ohm resistors. 
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FIG. 7,350.—Detail of a.c. Super-Wasp detector circuit showing method of subduing squawking. 
There appears to be a highly critical condition existing in the grid circuit at the starting point 
of oscillation. Just as the grid tends to change from the slight positive bias, which it normally 
has, to the negative value which the rectification gives it, it undergoes an oscillatory condition 
which causes a bad squawk when the plate voltage is fed through a transformer. However, 
when the plate voltage is supplied through a high resistance, such as the .5 megohm, as here 
shown, the effective plate voltage drops when this condition occurs and this decline stops the 
oscillation or squawk. 
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The short wave receiver must be shielded against hand ca-
pacities and between the relative stages. 

For shielding against hand capacities, a plain aluminum panel, for 
mounting the condensers and control dials, is sufficient. It is not impera-
tive that the balance of the circuit be placed in an aluminum container 
although it is quite advantapous for mechanical reasons. 

In the case of copper shields, the corners must be evenly soldered; alu-
minum should have large overlaps. Short wave interference unless these 
precautions are carefully observed, will get through. The coils must be 
kept as far away as possible from the shields themselves. The shields 
should not be of thin material, but of a thickness sufficient to shield one 

Fm. 7,352.—How plug in coils are made. 

SCREEN 
V BIAS t 

TO GRID 

TO Ft 

TO TRANS, 

OUTPUT >  

7,353.—Connection of radio frequency stage with screen grid tube, ahead of regeneratIve 
detector. 
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stage effectively from the other. With copper, a thickness of 30 mils 
(.03 in.) seems to be quite reasonable. In the case of aluminum, a thicker 
or substantial piece of metal should be used, with an overlap of half an 
inch wherever possible. 

A very simple diagram showing a single control super-hetero-
dyne, is fig. 7,353. 

The output circuit is from the filament of VT2, and the output. The 
secondary of the three circuit arrangement is made to oscillate at a fre-
quency differing from that of the incoming wave by a value corresponding 
to the frequency of the intermediate stage. If the intermediate stage be 
a broadcast receiver tuned to 1,000 kilocycles, the difference between the 
oscillator frequency and that of the incoming wave should be 1,000 kilo-
cycles. 

Short Wave Receiver Reference Table 

C1—.0001 mf. mica fixed condenser. 

C2—.000015 mf. midget variable condenser, 7 plate. 

C3—.000015 mf. midget variable condenser, 7 plate. 

C4—.0005 mf. mica fixed condenser. 

C5—.0005 mf. mica fixed condenser. 

R1-10 megohm grid leak (noiseless). 

R2-0-50,000 ohm Bradleyohm. 

R3—Rheostat or amperite. 

R4-1/10 megohm grid leak. 

Li—Two turns bell wire around coil socket base. 

L2—Grid coil on plug in tube base. 

L3—Tickler on plug in tube base. 

L2 L3 

Wave Band Turns Wire Gauge Turns Wire Gauge 
80 37 28 25 30 
40 16 22 20 30 
20 7 22 10 30 
10 3 20 5 30 
5 1 20 3 30 
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How to Tune Short Wave Receivers.—The short wave 
beginner is usually surprised to begin picking up broadcast 
stations which he cannot find in the short wave list. What he 
hears is the harmonics of stations broadcasting on the medium 
waves between 200 and 550 meters. These are often a nuisance, 
for they may be poorly modulated, and they are easily mistaken 
for a foreign station, and sometimes they interfere with wanted 
foreign stations. The last named trouble is one which will have 
to be dealt with as short wave broadcasting becomes more 
general; but at the present time the experimenter will find 
these harmonics useful for the calibration of the dials. 

Each harmonic has a definite wave, just as much so as the broadcast 
station's fundamental carrier wave. A harmonic must have exactly twice, 
three times, five times, nine times, etc., the frequency of the fundamental 
(corresponding respectively to M, 3, 34, V., and so on) wave length. 
Many of these harmonics can be heard with any short wave receiver. 
When one of them is picked up, and the station identified, it is only a 
matter of division to determine the exact wave to which the receiver is 
tuned. By checking up a number of these harmonics, and the few known 
short wave broadcasters, it is a very simple matter to draw up a calibra-
tion curve for each coil of any short wave set. 

Take a sheet of paper for each coil, and number each from top to bot-
tom with figures corresponding to those on the tuning dial or dials, usu-
ally 0 to 100. (These numbers do not correspond to the settings of the 
regeneration dial.) 

Start with any one, or pair, of the coils covering a certain wave band; 
and tune in the first station picked up. If it be a regular short wave sta-
tion, mark down its known wave exactly opposite the figure on the chart 
which corresponds to the dial setting. If the station be one which is not 
known to have a short wave transmitter, then r. harmonic has been heard. 

Look up the authorized wave length of the station and divide it by the 
number which will bring the result nearest to the wave length to which 
the coil should be tuned. For example, if the coil be rated by the manu-
facturer as covering from 30 to 55 meters, and the condenser setting is 
low, then it is probable that the wave length must be between 30 and 40 
meters. 



METERS 
15.00 
17.50 
20.00 
22.50 
25.00 
27.50 
30.00 
32.50 
55.00 
37.50 
40.00 
42.50 
45.00 
47.50 
50.00 
5230 
5500 
57.50 
6000 
62.50 
03.00 
157.50 

70.00 
72.50 
75.00 
77.50 
80.00 
5230 
85.00 
87.50 
90.00 
9250 
95.00 
97.50 
100.00 

20 000 
9,500 
9,000 
8,500 

8,000 
7,500 40 
7,000 
6 500 
6,000 
5,500 30 
5,000 
4.500 t9 
4,000 
3,500 
3,000 zo < 
Z,500 
2,000 cc 
1,500 
1,000 --I 10 

4 0,500 
0,000 
9,500 
9,000 o 
8,500 
8,000 
7,500 
7,000 
500 

6;000 
5,500 
5,000 
4,500 
4,000 
3,500 
3000 

50 

35 40 
METERS 

COIL N . 2 

30 45 50 
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FIG. 7,354.—Short wave broadcast channels. The bold black bands show the channels. Note how they crowd at the lower end 
of the meter scale. 

FIG. 7,355.—Calibration chart for coil plotted from the log table on page ‘1,5.1-1. 



4,544 Short Waves 

COIL No. TWO 
Range 30 to 55 Meters (Approximately) 

Dial Wave-
Reading length Stations Heard 
o 

2 30.01 WRVA (9th Harmonic-fundamental 270.1 meters) 
3 30.50 NRH, Heredia, Costa Rica, 10-11 p. m. daily 
4 30.85 WBT (9th Harmonic-fundamental 277.6 meters) 

- 5 
6 31.04 KQV (7th Harmonic) 7LO, Nairobi 11-2 p. m. daily 
7 31.26 W3XAU - PCJ - VPD - K1XR 
8 31.38  Konigswusterhausen (Berlin) Germany 
9 31.48 W2XAF - OXY, Lyngby, Denmark, 2-3 p. m. 

-10 31.80 XDA, Mexico City, Mexico 
11 
12 32.10 GGA, Drummondville, Canada 
13 32.20 WSAI (7th Harmonic-fundamental 225.4 meters) 
14 32.40 GBK, Rugby, England (transatlantic phone) 

-15 
16 33.26 GBS, Rugby, England (transatlantic phone) 
17 
18 34.23 KSTP (6th Hprmonic-fundamental 205.4 meters) 

19 
-20 3448 W2XAC, HKCJ 

21 
22 
23 
24 

-25 
26 40.00 WWRL (5th Harmonic-fundamental 199.9 meters) 
27 
28 41.80 KSTP (5th Harmonic-fundamental 205.4 meters) 

29 
-30 

31 
32 VRY, Georgetown, British Guiana (Wed. and Sun., 7:15-9 p. m.) 
33 Code (Mobile services) 
34 

-35 46.12 WHAP (5th Harmonic-fundamental 230.6 meters) 

AMATEUR PHONE BAND 

36 
37 46.92 WOR (9th Harmonic-fundamental 422.3 meters) 

38 
39 

-10 47.59 WLBL (7th Harmonic-fundamental 333.1 meters) 
41 
42 
43 48.35 HKT, Bogota, Columbia, 10-11:30 p. m. 

44 
-45 
46 49.02 W2XE, New York 
47 49.40 W8XAL, Cineinnati 

48 
49 49.80 W9XF 

-50 49.98 HRB, Honduras, Mon., Wed., Fri., 9-12 p. m. 
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If the station heard be working on a fundamental of 274.9 meters 
(1,080 kilocycles) it will be seen that dividing this by nine gives 30.54 
meters (9.720 kilocycles) and this is the wave length of the ninth harmonic, 
which is being heard. 

The odd harmonics are usually of much greater strength than 
the even harmonics. 

Mark the wave length found, 30.54, on the proper sheet opposite the 
condenser dial reading. It is necessary to carry the wave length out to 
two places; for a tenth of a meter covers considerable room on a short 
wave dial. 

Go up slightly on the dial and find a harmonic of a broadcast station 
which is known to be working on 215.7 meters (1,390 kilocycles). Since 
the seventh harmonic of this station is 30.81 meters (7,730 kilocycles) 
set down this figure opposite the second dial reading. In this manner, 
the dial is calibrated from top to bottom on the chart; calibrate the other 
coils in a similar way until it is determined where any given wave may be 
tuned in on the receiver. Stations may thus be found right where they 
should be expected. 

Tuning Problems.—The great sharpness of tuning on short 
waves should be considered; compare it with the broadcast 
band. In the United States and Canada exactly 96 broadcast 
channels are in use, one every ten kilocycles from 550 to 1,500 
kilocycles inclusive. This gives one channel to a division on 
the dial, and each station therefore corresponds to a different. 
reading. 

It is not necessary to discuss the relation of kilocycles to meters here 
(see fig. 7,354) except to say that the frequency increases more and more 
rapidly as the wave length becomes shorter. Between 15 and 80 meters 
(the effective short wave broadcast band) there is more than 1,600 kilo-
cycles separation, or sixteen times the width of the upper broadcast band. 
The average short wave set covers this with three or perhaps four coils 
and as many revolutions of the tuning dial, from 0 to 100. 

If stations were operated on channels 10 kilocycles wide, as in ordinary 
broadcasting, 300 to 400 of them would be covered in one turn of the dial. 
On the smaller coils, the number is even greater. The station, therefore, 
covers only a small part of the space between two numbers on the dial. 
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FIG. 7,356.—Wiring diagram of Leutz short wave receiver. It is of the unit construction giving a flexible arrangement and providing 
double shielding. For example, if desired, the detector unit and audio unit would be used together as a complete receiver. To 
that combination, one tuned radio stage can be added and later still another tuned radio stage added again. For average purposes 
the following set up is suggested, one tuned radio stage, detector stage and audio unit. For extreme distance work and where 
maximum volume is desired, the full combination is required consisting of first radio stage, second radio stage, detector stage and 
audio unit. Due to obvious technical limitations, the power output stage of the audio unit is not push pull. Two power tubes 
in push pull combination require a certain high signal input voltage in order to secure full output. The required signal voltage is 
not always available on short wave signals in which case the complete signal would be entirely lost. By having three cascade 
stages of audio amplification, sufficient volume is still available and the amplifier is sensitive even to the very weak signals. The 
detector unit is arranged to use any of the standard superdetector tubes such as the 200A, 240, etc. The tuned inductance has 
two windings, one for the detector grid circuit and the other for the plate regenerative amplification circuit, the coupling between 
the two being fixed. For the first r.f. one stage unit tuned inductance is required and it has two windings. The first winding 
tunes the grid circuit of the tube which is capacitively coupled to the antenna circuit. The second winding may or may not be 
used as desired. It is provided to enable using a dirigible type aerial and suitable binding posts are provided to connect such an 
antenna. For maximum sensitivity a second tuned radio stage should be added. In the Leutz short wave set, this stage is added 
by connecting same between the antenna stage and detector stage. No internal connections need be disturbed. In all the tuned 
stages, vernier condenser adjustments are provided where required. Individual filament resistors are also available so that each 
tube can be regulated to it8 maximum operating point of efficiency. 
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If the dials be operated in the manner usual in medium wave tuning, 
many noises will be passed over, which are really stations that would give 
good loud speaker strength if properly tuned in. The proper procedure, 
therefore, in operating a short wave set, is to calibrate the receiver in the 
method illustrated, and make notations where certain desired stations 
shculd fall on the dials. Note when these stations may be expected to 
operate; and tune for them at the proper times, on the proper dial readings. 

Pick up the signals by the beat note method; that is, set the detector 
tube oscillating, and pick up the ¿amer wave, or squeal. After the carrier 
is found, keep the wave length or tuning dial set in the exact center of 
the squeal; and turn the regeneration dial back past the point of oscilla-
tion. Then, very slowly, move it up again until the best reception is 
obtained. 

The third point is how to determine what stations to tune 
for. 

At the present time, all short wave broakIcast stations are of an experi-
mental nature, and their wave lengths, as well as schedules, are subject 
to sudden changes without notice. Since distance means little or nothing 
in short wave reception, the carrier wave in its longer path is more subject 
to atmospheric conditions than the nearby medium wave broadcasts. 

Stations which can be heard with great volume at one season of the year 
are often unheard at another, regardless of the power which they use. 
The short waves, also, are peculiarly affected by sunlight; some being re-
duced in strength, and others greatly increased in volume on the arrival 
of darkness. Since reception is world with, means of communication are 
slow, and no universal language is yet in use, no accurate list of stations 
can be compiled. 

It may be said that reception of short wave broadcasts 
directly from overseas is not so difficult as may be imagined; 
it is a commonplace occurrence. 

It is possible to pick up programs in Siamese, Russian, German, Spanish, 
French and many other languages, in addition to English. 
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TEST QUESTIONS 

1. What is a short wave? 
2. What is the advantage of snort waves? 
3. Explain the relation between wave length and fre-

quency. 
4. Give formula for wave length. 
5. How does the frequency vary for the different wave 

lengths? 
6. What are the requirements of sets for highest fre-

quency reception? 
7. What makes tuning difficult when the hand is brought 

near the tuning dial? 
8. Of what does a short wave receiver usually consist? 
9. Upon what does the success of the receiver mostly 

depend? 
10. Why is tuning difficult on some short wave receivers? 
11. What is a wave band? 
12. Explain why "plug in- coils are used? 
13. How are most short wave sets usually built? 
14. Give directions for building a simple short wave re-

ceiver. 
15. Draw a diagram of a single control super-heterodyne 

set. 
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CHAPTER 179 

Aerials 
By definition an aerial is a wire system suspended in the air 

and insulated at the ends for receiving electro-magnetic waves. 

Strictly speaking an aerial is the wire system at the receiving end as dis-
tinguished from an antenna or wire system at the transmitting end. 

Aerials may be classified: 

1. According to the number of wires as 

a. Single wire; 

b. Multi-wire. 

2. According to location, as 

a. Outside; 

b. Inside; 

c. Underground. 

3. According to shape, as 

a. Inverted L; 

b. Tee (T); 

c. Cage; 

d. Fan; 

e. Umbrella; 

f. Loop {solenoid, spiral, 
pancake, 

etc. 
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The simplest type of aerial consists of a single wire of suit-
able length with its ends connected to elevated insulators as 
in fig. 7,357. 

At the end nearest the radio set a lead in connects the aerial to the set. 
This arrangement is known as an inverted L aerial; when connected at the 
center it is called a T aerial, the distinction being shown in figs. 7,358 and 
7,359. Various other types of outside aerials are shown in figs. 7,360 to 
7,369. 

I N SU LATORS 

N°14 OR LARC,ER AERIAL WIRE 

RADIO 
SET 

FIG. 7,357.—Single wire outside inverted L aerial; end connected lead in. 

END CONNECTED 
LEAD IN   

INVERTED L 

CENTER 
CONNECTED 
LEAD IN 

T TYPE 
F Gs. 7,358 and 7,359.—Inverted L anti T aerials. The lead in is usually connected at the end, 

but where an extra long aerial is desired it is connected at the center. 
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7,360.—Multi-wire inverted L (flat top) outside aerial. Where the distance between sup-
ports is limited, the necessary length of aerial may be obtained by running two or more lengths 
of wire parallel as shown. 

FIG. 7,361.—Cage antenna. A type frequently employed at transmitting stations. 

7,362.—Fan aerial. 
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The loop aerial is used without a ground connection being 
connected to the radio set so as to form a closed circuit. 

The loop acts as an inductance coil whereas the other aerials act as one 
plate of a condenser with the ground or counterpoise as the other. 

Electro-magnetic waves on reaching the aerial set up an 
alternating voltage between the wires forming the upper plate 
of the condenser and the ground or lower plate of the condenser. 

(NSULATORS CONNECTOR 

LEAD IN 

FIG- 7,363:—Umbrella aerial. The radial wires connect at the top with a vertical lead in. 

FIG. 7.4.—Inside loop aerial of the solenoid type. 

FIG. 7,365.—Inside loop aerial of the pancake type. 
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This action takes place through electrostatic induction. In the loop 
aerial, electro-magnetic induction sets up an induced voltage thus causing 
alternating current to flow to the detector. 

Counterpoise.—In places where it is difficult to obtain a 
good ground because of dry soil a counterpoise is used. 

This consists of a second aerial suspended on supports about one foot 
above the ground and insulated from the latter. The counterpoise should 
run parallel with and preferably underneath the main aerial, though if 
necessary it may be ótiset to one side. Fig. 7,367 shows the essentials. 

CONDENSER 
FOR 

TUNING 
LOOP 

 1  

FIG. 7.366—Method of connecting a loop aerial. Since loop aerials are not very efficient they 
should only be used with sensitive sets such as super-heterodyne. 

Length of Aerial.—For best results make the aerial as short 
as will permit reception from the desired stations. A 30 foot 
wire is considered a short aerial. 

In congested districts a short aerial should be used. The selectivity of 
the set depends largely on the length of aerial, some sets having two or more 
aerials of different lengths. 

Location of Aerial.—The best location of the aerial depends 
on local conditions, each installation presenting its own prob-
lems. 
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In general when satisfactory reception is not obtained, the trouble may 
be rectified by changing the direction of the aerial; if possible place the aerial 
at right angles to its former position. 

Installation.—Erect the aerial as far from other wires as pos-
sible. 

The insulation should be of the best quality. The wire should be suf-
ficiently taut to .prevent undue vibration or swinging. Do not place an 
aerial under or above power wires; select a direction as nearly as possible at 
right angles to other wires. 

There should be a good soldered connection of the lead in to the aerial. 

AERIAL 

TO R ECE I VER 

INSULATOR 

COUNTERPOISE 

AERIAL 

LIGHTNING 
ARRESTER 

— GROUND 
ROUND 

• 7,367.—Counterpoise and connection. The counterpoise forms one plate of a condenser of 
which the main aerial is the other plate. 

• 7,368.—Method of connecting lightning arrester to aerial circuit. 

Fm. 7,369.—Rogers underground aerial. The aerial wire is placed inside a pipe. This type 
aerial is not affected much by conditions of the atmosphere. 
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Lightning Arrester.—The preferred location of the lightning 
arrester is outside the building at the point where the lead in wire 
enters the building. 

One terminal of the arrester is connected to the aerial and the other to 
ground. The lightning arrester interposes a very small air gap between the 
aerial and the ground and across which any sudden high voltage impressed 
on the aerial as happens during a thunder storm will readily discharge across 
the gap without injuring the radio apparatus. 

TEST QUESTIONS 

1. What is an aerial? 
2. What is the difference between an aerial and an an-

tenna? 
3. Give classification of aerials. 
4. Of what does the simplest type aerial consist? 
5. What is the construction of a loop aerial? 
6. What is the action of electro-magnetic waves on reach-

ing the aerial? 
7. What causes alternating current to flow in an aerial 

to the detector? 
8. What is a counterpoise? 
9. How should a counterpoise be run with respect to 

aerials? 
10. What should be the length of an aerial for best results? 
11. How long should an aerial be in congested districts? 
12. Upon what does the selectivity of a set largely depend? 
13. How is the best location of an aerial determined? 
14. In what direction should an aerial be run? 
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15. How should an aerial be located with respect to other 
wires? 

16. Why should an aerial be strung taut? 
17. How should the lead in be connected to the aerial? 
18. What is the preferred location for the lightning ar-

rester? 
19. How is the lightning arrester connected? 
20. What does a lightning arrester interpose in trie circuit? 
21. Where does the air gap circuit terminate? 
22. What happens in a thunderstorm? 
23. Explain the operation of the lightning arrester. 
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CHAPTER 180 

Loud Speakers 
By definition a loud speaker is a device designed to convert the 

amplified audio frequency currents into sound waves. In other 
words a loud speaker changes varying electric currents into sound 
waves. 

In order to do this the construction of the loud speaker must be such 
that it will cause the varying electric currents to set in vibration a dia-
phragm similar to that used in a telephone receiver only larger. 

The vibration of the diaphragm sets into vibration a large 
volume of air which produces the sound. 

The efficiency of a loud speaker depends on how near these sound waves 
approach a true reproduction of the sound waves broadcast at the trans-
mitting station. 

It is hardly necessary to state that the efficiency of most loud speakers 
is very low and even that of the best is far from perfect. 

Classification of Speakers.—That part of a loud speaker 
which changes the varying currents of the audio frequency 
amplifier into mechanical vibrations, is called the driving unit 
or motor, and with respect to the principle involved in the 
operation of the driving unit, speakers may be classed as: 

1. Magnetic; 

2. Balanced armature; 

3. "Dynamic" or moving coil; 

4. Induction; 
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5. Metal strip; 

6. Electro-static or condenser; 

7. Piezo-electric. 

Speakers which use a permanent magnet are called magnetic speakers; 
those using an electro-magnet are generally known as dynamic speakers. 

Magnetic Speakers.—In this type a bipolar permanent mag-
net is used. On each pole of the magnet is mounted a coil of 

PERMANENT 
MAGNET 

TO SIGNAL CIRCUIT 
COILS 
IN 

SERIES 

7,370.—Magnetic type speaker consisting of a combined permanent and electro-magnet 
and diaphragm. The latter is of magnetic metal and the magnetic lines of force pass through 
it from pole to pole. If the diaphragm become saturated it will not respond perfectly to varia-
tions of the magnetic strength and distortion will result. 

wire having a large number of turns, the two coils being con-
nected in series, as shown in fig. 7,370. 

The speaker is connected as indicated and in operation the varying cur-
rents coming from the plate circuit of the last tube varies the resultant 
magnetization (of coils and permanent magnets) accordingly causing the 
diaphragm to vibrate and produce sound waves. 

Balanced Armature Speaker.—This speaker does not chatter 
easily on loud signals and responds well to weak signals. The 
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essentials of construction are shown in fig. 7,371. It has an 
armature pivoted at its center between the poles of a perma-
nent magnet and provided with a coil through which the signal 
current flows as shown, so that the reaction between the mag-
netic field due to this current and that due to the permanent 
magnet causes the armature to oscillate about its pivot. These 
movements of the armature are communicated to the diaphragm 
by means of the link connection. 

BALANCED 
ARMATURE 

PERMANENT 
MAGNET 

7,371.—Balanced armature type speaker. In construction the balanced pivoted arma-
ture is a soft iron bar forming a core of a coil of several thousand turns of fine wire supplied 
with audio frequency currency. In operation when a signal current flows through the coil, 
a magnetic field is produced, which magnetizes the soft iron armature. The poles react on the 
poles of the permanent magnet and attraction between the unlike poles and repulsion between 
the like poles take place. With the polarities :,hown, the top end of the armature would move 
to the left and the bottom end to the right when the signal current flows through the coil in 
the corresponding direction. The amount of pull or movement is proportional to the current 
flowing through the coil, so the armature moves in accordance with the variations in the 
current. 

Dynamic Speakers.—The moving coil principle is here em-
ployed. In this arrangement the signal current flows through 
the moving coil which is placed around the middle pole of a 
three pole magnet and the reaction between the two causes 
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the moving coil to vibrate corresponding to variations of the 
signal current. The diaphragm being mechanically connected 
to the moving coil vibrates similarly. The essential elements 
are shown in fig. 7,372. 

Induction Speakers.—The operation of this type speaker 
depends upon the production of eddy currents in the diaphragm 
by a varying magnetic field. 

/lib A.  lk/ 'e ye /if/ /-/  

TO SIGNAL CIRCUIT 

"gzy 

PAPER 
CONE 

FIG. 7,372.—Dynamic or moving coil speaker. In construction the coil is very small and 
light. It vibrates betweer the armature magnetic field between two concentric magnetic 
poles. The coil is usually attached to a paper cone, or in the case of a horn to a non-magnetic 
diaphragm. The moving coil has about 100 turns of about No. 34 wire on a thin insulated shell. 

As shown in fig. 7,373, the diaphragm is placed between two sets of con-
centric coils Direct current is applied to the two sets of coils in opposite 
directions producing a radial field. The signal current is also passed 
through the coils which causes the steady field due to the d.c. to vary and 
which in turn induces eddy currents in the diaphragm. 

Since the eddy currents give polarity to the faces of the diaphragm these 
poles react with the poles of the coils, thus causing vibration of the dia-
phragm and resulting sound waves. Loud speakers of this type are extra 
powerful and therefore suitable for halls. 
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Metal Strip Speaker.—This speaker is a type of the magnetic 
class in which a metal strip is suspended between the poles of a 
permanent or electro-magnet and the signal current passed through 
the strip, as shown in fig. 7,375. 

The reaction between the steady field of the magnet and varying field of 
the strip causes the latter to vibrate. The metal strip being the diaphragm 
the sound waves are produced direct without any drive gear. 

MOVEMENT 
OF 

IJIAPHRAGM 
j COILS 

ATTRACTION REPULSION 

7,373.—Induction speaker. In this speaker the diaphragm is made of a non-magnetic 
metal-aluminum. An auxiliary source of current is required to supply the steady magnetic 
field. 

7,374.—Side view of induction speaker. Since the d.c. supplied to the coils is passed 
through the two sets of coils in opposite directions like poles SS, will be produced on their 
sides facing the diaphragm and unlike poles ns on the faces of the diaphragm. These polar-
ities are easily determined by the right hand rule as shown in fig. 7,373. At the instant shown 
the diaphragm is moved to the left by attraction due to unlike poles S,n, and repulsion due to 
like poles sS. 

Electrostatic or Condenser Speakers.—Speakers of this 
type consist essentially of three elements: 

1. Plate; 2. Dielectric; 3. Diaphragm. 
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The dielectric is placed between the plate and diaphragm 
and the assembly forms a condenser, as shown in fig. 7,376, 
hence the name. Its adaptation as a speaker is shown in 
fig, 7,377. 

DIAPHRAGM 

TO SIGNAL 
CIRCUIT 

(etERMAN ENT OR 
ELECTRO- MAGNET 

7,375.—Metal strip speaker. A megaphone is used with this type speaker. 

PLAT 

DIAPHRAGM 

Di ELECTRIC, 
(SOFT RUGGER) 

F/G. 7,376.—Elements of an electrostatic speaker. It is simply a form of condenser, hence the 
name as it is sometimes called a condenser speaker. 
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In the operation of a condenser any difference in voltage on the two metal 
elements (plate and diaphragm in fig. 7,374) produces attraction between 
them, thus compressing the dielectric which in this case is rubber. To keep 
the speaker normally in this condition, the plate and diaphragm are placed in 
a battery circuit. The signal current is superimposed on the battery current. 

In operation the signal current varies the voltage in the circuit which in 
turn varies the attraction between the plate and condenser; the rubber 
which is in compression acts as a restoring force to displace the diaphragm 

SOFT 
RUBBER 

SIGNAL CIRCUIT 

7,377.—Electrostatic or condenser speaker showing cirof t connections. In construction, 
the copper plate is made rigid. The diaphragm consists of a thin layer of metal sprayed on 
the rubber dielectric. 

outward when the signal current is in such a direction as to reduce the 
attraction between the plate and diaphragm. 

Piezo-electric Speakers.—This type of speaker depends for 
its action on the property of a crystal of expanding and contract-
ing in accordance with the electric strains to which it is subjected. 
This principle as applied to a speaker is shown in the diagram 
fig. 7,378. 
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In operation the variations in the applied signal voltage will cause the 
crystal to expand and contract and these mechanical vibrations may by 
suitable means be communicated to a diaphragm. 

SIGNAL CIRCUIT 

QUARTZ CRYSTAL 

DIAPHRAGM 

CONNECTING LINK 

no. 7,378.—Piezo-clectric speaker operating on the property of a crystal expanding and con. 
tracting with varying electric strains. 

TEST QUESTIONS 

1. What is a loud speaker? 
2. How does a loud speaker work? 
3. Give a classtfication of loud speakers. 
4. How does a magnetic speaker work? 
5. What is the construction of a balanced armature 

speaker? 
6. Explain the operation of dynamic speakers. 
7. What is the basic principle on which induction speak-

ers operate? 
8. Describe the metal strip speaker. 
9. How does an electrostatic or condenser speaker operate? 

10. Upon what does a piezo-electric speaker depend for 
its operation? 
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CHAPTER 181 

Radio Instruments 

For radio use, a volt meter should draw as small a current 
as is possible if it is to be left in circuit to show the voltage 
across the filament of a vacuum tube whenever it is in operation. 

Flo. 7,379.—Westinghouse two inch diameter, 0-5 volt meter. 

Unless the volt meter draw a small current, it cannot be placed across 

the vacuum tube filaments for the moment of adjustment of the rheostat, 

and then be removed from the circuit, without causing the filaments to 
have excessive voltage when the volt meter switch is opened. 
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Inefficient ammeters are undesirable for filament adjustment, 
since they have a relatively high voltage drop and the A battery 
must be replaced, or recharged, much sooner. 

The most efficient polarized vane ammeters have a nearly complete 
circuit of non-residual iron in the form of a yoke with less residual mag-
netism than is found with instruments using merely a stubby core of less 
expensive iron. The result is a highly efficient instrument consuming 
only one tenth or even one fiftieth the energy required to operate other 
moving vane instruments. 

7,380.—Westinghouse triple scale volt meter, 5-0-7.5 and 0-150 volts. 

A vacuum tube set taking from three to five volts for fila-
ments can be served better by a combination filament volt 
meter and plate battery tester than by a filament ammeter. 

This combination instrument is more expensive than the ammeter, but 
it is worth more. Tungsten and tungsten alloy filaments can be adjusted 
better with a volt meter than with an ammeter because of the great change 
of resistance of that material and the corresponding slow change of cur-
rent with a given change of applied voltage. 
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Volt Meter Combinations.—Several ranges of combination 
volt meters have been developed, which should cover the re-
quirements of all radio sets. 

They will indicate filament voltage and B battery voltage, and in some 
cases A battery and C battery voltage also. These have 100° scales. 
A triple scale volt meter is shown in fig. 7,380. 

Switching Schemes.—Some switching device should be used 
to connect the volt meter across the different batteries one at 

7,381.—Westinghouse low loss ammeter, 0-1.0 amperes. 

a time. .There are a number of inexpensive dial switches on 
the market which are suitable for this purpose. 

A switch should be chosen with sufficient movement or the blade so 
that adjacent active contacts will not be short circuited. If contact but-
tons be close together, then only every other contact should be used. Thus 
any five position switch could be used to show the voltage of three different 
circuits, such as filament volts, B battery volts, and C battery volts. 

The high range requires an additional series resistance to reduce the 
higher voltage so that the instrument current is the same and will give 
the same deflection on 150 volts as on 7.5 volts. This resistance is 
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C A Battery 
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Inchsodual 
Rheostat 
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FIG. 7,382.—Ammeter connections for a radio set with four dry cell tubes. Having the indi-
vidually adjusted filament in series with the main rheostat, but not in the ammeter circuit. 
prevents it ever having more than normal current. 

_1111111111,13111111111/11111.-11111111111111 

A Battery ery 

7,383.—Dial switch control for multi-range volt meter; C. C battery volts to left; F, fila-
ment volts, lower right; A, A battery volts, lower right; B, B battery volts, upper right. 
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supplied on a spool externat to the volt meter proper so that it may be in-
serted in the circuit between the high voltage and the contact button on 
the switch for that voltage. With a seven contact switch, four values 
may be read from this one volt meter, including A battery volts. 

In all cases the minus (common) of the volt meter should be connected 
to the minus bus bar of the filaments, as shown in fig. 7,383, then•F, A, 
and B, will be plus, causing deflection of the volt meter pointer to the right, 
and C, will be minus, causing deflection to the left of zero. The switch 
should never be left on B, or C, except while taking readings. 

Several switching schemes have been worked out for the 
control of the volt meter for uses such as with radio sets. 

Fig. 7,384, shows how a standard radio jack may be used with a metal 
plug and a double range volt meter to control the on and off of the set 

ill----111 
B Battery 

Gro—unct 

7,384.—Volt meter and tube control with a standard jack. 1, plug removed, rheostat 
off =set off, A battery ready to charge; 2, plug in normal, rheostat on =set operating, volt 
meter showing filament voltage; 3, plug pressed entirely in, rheostat on or off =volt meter 
indicates B battery voltage; 4, plug released, returns to normal. The switch is a standard 
radio jack plus a metal plug whose shank is K, in. in diameter, approximately 1 in. long 
and has a hemispherical end. The main frame of the jack is connected to +A and —B. 
The two prongs which usually receive the plug are connected together and to the plus bar 
of all filaments, +F. The common of the volt meter is connected to the minus bus bar of 
the main filaments. The ground G. may be connected either to +A, or to +F. The con-
tact between the main prongs is connected to the plus terminal of the low range of the volt 
meter. The two upper contacts are connected in the high voltage. B. circuit with the multi-
plier resistance somewhere between +B, and the plus of the low range of the volt meter. 



4,570 Radio Instruments 

as well as the indication of filament volts and B battery volts. This ar-
rangement is ideal for radio sets having dry cells for A battery. The com-
mon of the volt meter is connected to the minus bus bar of the main fila-
ments. 

If one vacuum tube be used with an individual filament rheostat, the 
extra filament and rheostat should be in series with each other across the 
positive and negative bus bars of the main filaments. Then the voltage 
of the individually controlled filament would never be greater than that 
applied to the main lot, and this is shown by the volt meter. 

FIG. 7,385 and 7,386.—Volt meter control switch and lock with special jack. 1, plug removed, 
rheostat off =set locked off . A battery ready to charge; 2, plug inserted, rheostat off —volt meter 
indicates storage battery voltage; 3, plug inserted, rheostat on =set in operation, volt meter 
indicates filament voltage, lower right; 4, plug pressed slightly, volt meter indicates B 
battery voltage, upper right; 5, plug pressed entirely in =volt meter indicates C battery 
voltage, lower left; 6, plug released, returns to normal; 7, plug removed, =set locked off. 

In operation of the hook up shown in fig. 7,384 when the metal plug is 
inserted in the jack, the vacuum tube filaments immediately light up, if 
the rheostat is on, and the volt meter shows the voltage applied to the 
filaments. The filament rheostat is advanced as the dry cells age, so as 
to keep proper voltage on filaments. When the metal plug is pressed in 
so as to lift one prong and break the circuit between the volt meter and 
the plus of the filament, the pointer returns to the zero of the scale. As 
the pressure on the head of the plug is increased, the upper contacts close 
and the volt meter indicates B, battery voltage. When the operator's 
finger is withdrawn, the plug returns to its natural position with instru-
ment indicating filament volts. The jack will not remain in the B battery 



Radio Instruments 4,571 

position. Thus all danger of accidentally exhausting the B battery is 
avoided. When the plug is removed, the filament circuit is open and hence 
all flow of current stopped. 

If the A, battery be of the storage cell type, the rheostat 
may be turned off when the plug is removed, so that both sides 
of the storage battery are disconnected from the set. 

In this case —B should be connected to G and to + F, and not to + A. 
With such an arrangement, the storage battery may be charged with a 
rectifier, even though this rectifier does' not have a transformer with an 
insulated secondary winding. 

An ideal arrangement for multi-tube sets having storage A 
batteries is shown in figs. 7,385 and 7,386. 

This scheme gives every combination of circuits and every combination 
of volt meter readings that can be desired. This switch is similar to that 
shown in fig. 7,384, with an additional top contact for C battery indica-
tion. The contact below this goes to the plus of the low range of the 
triple scale volt meter. The contact below this one goes through the 
multiplier resistance to +B. Also +F, —B, and G, are together. The 
plus of the C battery goes to —A, or to —F. In this case the minus com-
mon of the high resistance volt meter goes to the off end of the main or 
low resistance rheostat. 

When the rheostat is off this is equivalent to —A, but when rheostat 
is on this is equivalent to —F, since the drop in the rheostat due to the 
small current of the volt meter is negligible, but the drop in the rheostat 
due to the filament current is not negligible. The functioning of this 
switch is much the same as for fig. 7,384, except that the C battery circuit 
is added. As the plug is pressed in it first disconnects the positive ter-
minal of the volt meter from the filament circuit, then connects it through 
the multiplier resistance to the B, battery circuit. Then with further 
pressure, the plug forces the upper contacts together and the minus of 
the C, battery is connected to the normally plus terminal of the volt 
meter. This causes the volt meter pointer to deflect to the left of zero 
on the C, scale. Meanwhile the multiplier resistance current from +B, 
is shunted through the low resistance of the C battery, and thence to 
—B, without passing through the volt meter. Thus it is seen that the 
volt meter indicates C battery voltage without any appreciable error due 
to the current through the multiplier. 
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The triple scale volt meters: 5-0-7.5 and 0-150; also 6.5-0-10 
and 0-100 volts, are ideal for the switching arrangement just 
mentioned. 

With this arrangement, every operation is logical. No harm can be 
done the volt meter or the batteries. The scale readings cannot be mis-
taken, for normal position of plug is always filament volts if set be oper-
ating; pressure with deflection to right is always B, volts; greater pressure 
and deflection to left is always C, volts; release always results in return 
to normal. 

7,387.—Push switch scheme, with special contactors mounted on back of volt meter, for 
indicating filament, B battery and C battery volts. The contacts do not act as a battery 
switch but merely control the volt meter. To give best results, the common of the volt 
meter is connected to the minus al the filaments. This is preferably the plus of the C battery 
and the minus of the A battery. The minus of the B battery may be connected to either. 
the plus or minus of the A battery. The B reading would include that of the A battery 
in the first case, but not in the second. The contacts of the switch shown may be made 
from standard jack contacts or may be made much smaller to go on the back of a small 
volt meter. The contact in the insulating base passes to the positive side of the vacuum 
tube filaments and also through the filament rheostat to the plus of the A battery. The 
first spring contact, normally pressing on the stationary contact, is connected to the plus 
of the low range of the volt meter. The next spring contact, normally not touching con-
tacts at either side, is connected through the volt meter multiplier resistor to the plus of the 
B battery. The last contact is connected directly to the minus of the C battery. 
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Thus one switch unit and one volt meter serve for all desired functions 
and do away with all guess work as to condition of A, B, or C batteries, 
and filament voltage. Removal of the plug protects the filaments from 
being harmed by children turning on the rheostat to the extreme position. 
These general ideas may be modified in many ways. The standard jack 

construction may be followed only in part. The shank of the plug may 
have a pin in it passing through a slot in the switch head, so that the plug 
may be twisted after insertion, so that it will not slip out and accidentally 
break the circuit. The round metal plug may be replaced by a flat key 
with different side grooves or ridges, with corresponding openings in the 
different jack heads. Such a construction would be a lock against tam-
pering. 

FIG. 7,388.—Filament and volt meter control with a double blade switch, with off, filament, 
A battery and B battery voltage positions. When the double blade switch is in the off 
position, one finger is in an inactive position, while the other finger is on a button contact 
leading to the negative side of the filaments. In the next position, on, the fingers bridge 
this negative filament button and a button contact leading through the filament rheostat 
to the negative end of the A battery. This turns on the filament current and causes the 
volt meter to show filament voltage on the A. scale, one side of zero. In the next position, 
A, the double blade is active only through the rheostat to the A battery, the filament being 
cut off. This position causes the volt meter to show the A battery vol tage, on the same A, 
scale. This is nero.fflry in order to know when the filament battery is completely charged 
or discharged. The drop in the rheostat due to the small volt meter current is negligible, 
and hence introduces no error. In the next position B, the blade touches a contact leading 
through the volt meter multiplier resistor to the plus of the B. battery. This setting causes 
the volt meter pointer to deflect in the opposite direction and show the B, battery voltage 
on the B, scale. The switch should not be left in the B. position for any great length of 
time. A spring may be provided to move the switch blade away from this last contact 
when the knob is released by the operator. Merely the insulated knob and a pointer may 
appear on the outside of the panel, with off, on. A and B. engraved thereon. This scheme 
has the advantage that the A and B, readings cannot be confused and that the switch con-
trols the on and off of the vacuum tube set as well as the functioning of the volt meter. 
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Another push switch scheme for indicating filament, B bat-
tery and C battery volts on the triple scale double range volt - 
meters, is shown in fig. 7,387. 

In operation (fig. 7,387), the volt meter will normally show filament 
volts whenever the rheostat is on. A slight pressure on the button breaks 
the contact to the plus of the filament and makes the contact to show B 
battery volts. A greater pressure on the button throws the three spring 
contacts together and causes the low range of the volt meter to be con-
nected across the C battery. The current through the multiplier continues 
to flow, not through the volt meter but through the C battery, and A bat-
tery to —B. Thus the volt meter pointer deflects to left of zero and shows 
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Ordinary Voltmeter 1 —7.-
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FIG. 7,389.—Potentiometer method of obtaining correct readings of B power unit voltages 
with galvanometer and ordinary volt meter. 

C battery volts on the C, scale. When the button is released the springs 
return to normal and the volt meter to filament volts. The vacuum tube 
set is turned on or off by the rheostat. 

A switching arrangement which can be made up of standard parts is 
shown in fig. 7,388. 

Milli-Ammeters.—These instruments are provided with fine 
wire coils of many turns. Those marked in milli-amperes range 
from 0-10 to 0-100, and are for use in plate circuits of vacuum 
tubes, and for other purposes where a few volts drop is not 
harmful. 

The 0-10 milli-ammeter may have its terminals connected to a standard 
plug and thence inserted into any jack intended for head phones or loud 

. • 
• r-.1 • 
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speaker, so as to measure the vacuum tube plate current in that circuit. 
The voltage drop in the milli-anuneter is much less than that in any head 
phone or loud speaker, and hence this drop is no detriment for such uses. 

A combination instrument is made with a scale of from 0-10 
milli-amperes at from 0-25 volts with arrows at 17.5 and 22.5 
volts, representing empty and full B battery block. 

With an external multiplier, this same instrument reads from 0-100 volts 
so as to show total voltage of four or less blocks of B batteries in a set. 
This instrument may be used to advantage on a B, battery eliminator, 
placing the 100 volt range clear across the main condenser, and tapping 
off, where the multiplier joins the low range resistor, to feed the detector 
at approximately one quarter total voltage. In such a case the volt meter 
readings will be correct only when the detector plate current is small 
compared with 10 milli-amperes. A bridging condenser should be used to 
keep this lowered voltage constant while the set is operating. Thus this 
one instrument serves not only as a milli-ammeter and as a double range 
volt meter, but also as a 10,000 ohm potentiometer with tap at 2,500 ohms 
for voltage reduction. 

Double Range Ammeters.—These instruments are particu-
larly good for double duty rectifiers. 

The minus common of the ammeter is connected to the minus (anode) 
of the rectifier. Two other terminals are supplied, one for 0-5 amperes 
for A battery charging, and the other for 0-1 ampere for B battery charging. 
The usual number of plus terminals for 2, 6, 12, 22.5, 45, and 90 volt 

batteries should be supplied on the rectifier as usual. Other double ranges 
are supplied such as: 0-1.5 and 0-7.5, also 0-2 and 0-10 amperes. 

TEST QUESTIONS 

1. What is the requirement of a volt meter for radio in-
struments? 

2. Why is it necessary that a volt meter draw a very 
small current? 

3. Why are inefficient ammeters especially undesirable? 
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4. Name an efficient type of ammeter. 
5. What is the advantage of a combination instrument? 
6. Name some volt meter combinations. 
7. What kind of a switching device should be used? 
8. How should a switch be selected? 
9. Draw a diagram for radio connections with four dry 

cell tubes. 
10. Draw a diagram showing dial switch and control 

for multi-range volt meter. 
11. Describe the method of volt meter and tube control with 

a standard jack. 
12. Why is a volt meter control switch and lock arranged 

with special jack? 
13. Describe an ideal arrangement for multi-tube sets. 
14. What are the advantages of triple scale volt meters? 
15. Draw a diagram showing filament and volt meter con-

trol with a double blade switch. 
16. How are milli-ammeters constructed? 
17. What is the range of a milli-ammeter scale? 
18. On what circuits is a milli-ammeter used? 
19. How is a 0-10 milli-ammeter connected? 
20. How does the voltage drop in a milli-ammeter compare 

with that in a head phone or loud speaker? 
21. Explain the use of a bridging condenser. 
22. What is the advantage of a double range ammeter? 
23. How is a double range ammeter connected? 
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CHAPTER 182 

Broadcasting Stations 
(Transmitting Apparatus) 

The essential elements of a transmitting station consist of: 

1. Source of energy. 

Such as a storage battery, d.c. or a.c. supply, steam engine, or any other 
source from which energy might be obtained. 

• 

2. Oscillator, or high frequency alternator. 

The device for converting the available energy into the form of high 
frequency currents. 

3. Controlling device. 

Such as key, which makes and breaks a circuit, or modulator which 
varies the amplitudes of the high frequency current in accordance with 
sound waves which it is desired to send out. 

4. Antenna. 

The device for radiating the energy due to the high frequency current 
into space in the form of electro-magnetic waves. 

The Vacuum Tube as an Oscillator.—A vacuum tube may 
be used as a generator of high frequency voltages, and when 
so used it is called an oscillator. When the vacuum tube is 
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used as an oscillator the A, B and C batteries form the source 
of energy and the tube is connected to the oscillatory circuit, 
so that there is coupling between the grid circuit and the 
oscillatory circuit and also between the plate circuit and the 
oscillatory circuit, as illustrated in fig. 7,390. 

From the explanation of the diagram, it is seen that by associating the 
battery source of energy and the oscillatory circuit with the vacuum tube 
in such a way as to provide suitable coupling between the plate circuit and 
the oscillatory circuit, and between the grid circuit and the oscillatory 

1 
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STOPPING 
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7,390.—Modified Hartley type oscillator. In operation with switch S open and S', closed, 
the B battery sends a steady current through the choke coil and the internal plate circuit. 
Condenser C, prevents this d.c. flowing through coil L, when S Is closed, thus preventing 
discharge of B battery through coil L, and also making the reactance of the circuit LC, to 

s.f. currents low. When S, is closed a surge in current takes place via condenser C and coil L, 
which is absorbed from the internal plate circuit. Since the choke maintains the battery cur-
rent steady, the variable current through coil L induces a voltage in coil L'. Assuming the 
induced voltage is such as to cause a surge of current down through coil L', the condenser C' 
would be charged with the plate D positive. The voltage across this condenser would then 
be in opposition to the original grid bias, and would, consequently make the grid less negative 
than before. This decrease in negative grid voltage would effect an increase in the internal 
plate current. Because of the choke coil in the battery circuit the increased current must 
flow down through the coil L. and up through the condenser C, which in turn would induce a 
voltage in the coil L', causing a surge of current up through this coil and charging the con-
denser C' with the plate H, positive. Now, the voltage across the condenser C', aids the 
original grid bias and results in an increased negative grid voltage and therefore the current 
from plate to filament is decreased again, with the resulting surge of current down through 
C, and up through L, which induces a voltage in L', and so the cycle is repeated indefinitely. 
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Flo. 7,391.—Arrangement of elements of radio transmitting station. 
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Fie. 7,392.—Arrangement of elements of Hollywood broadcasting station KNX . The most interesting units are the mixer, the mas-
ter gain, and the equalizing pads; the latter are merely circu it elements designed to match the relay signal output to the telephone 
line. The amplifier consists of three stages, using 250 watt tubes, and the power amplifier of two 10 kw. tubes. Plate modulation 
is used, the modulator being capacity coupled to the 50 watt c.f. amplifier. 
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circuit, there is produced sustained oscillations, thus some of the available 
battery energy is converted into the form of high frequency currents. 

Because of the amplifying action of the vacuum tube, the alternating 
voltage across the grid condenser C', during a given cycle would result in 
an increased alternating voltage across the coil L, in the plate circuit, and 
consequently with sufficiently close coupling between L and L', the voltage 
induced in coil L' would be greater than that which previously existed across 
the condenser C'. For this reason the amplitude of each cycle would be 
greater than that of the preceding cycle, and the oscillations of the plate 
current would continue to increase until the instantaneous values of plate 
current varied between some maximum and some minimum determined by 
the coupling and the constants of the circuit. The form of this oscillating 
plate current is shown in fig. 7,394. 

OSCILLATOR MODULATOR 

Flo. 7,393—Circuit diagram of a broadcasting station. 

Broadcasting Station Circuits.—One example of a trans-
mitting circuit is shown in fig. 7,393. The oscillator used in 
this circuit contains two tubes in parallel and is of the Meisner 
type. The modulator also employs two tubes in parallel, and 
modulation is effected by means of variation of the input power 
(Heising system). 



4,582 Broadcasting Stations 

7,394.—Diagram showing form of the oscillating plate current. 

The general arrangement of the various units comprising the 
apparatus of a large transmitting station is clearly shown in 
the circuit sequence diagram of Hollywood Station KNX, as 
shown in fig. 7,392. 

By means of the master gain controls the sound level is kept down 
within reasonable limits. The speech currents are mixed, amplified twice, 
and then sent through the equalizing pads, over the telephone wires, am-
plified again in the telephone exchange, and yet again at the station before 
entering the modulator. The. monitoring is done here, and the needle of 
the meter is not allowed to swing past the red mark on either side of zero. 
All equipment is, of course, in duplicate as an emergency measure. 

OSCILLATING' PLATE CURRENT 

TIME 

TEST QUESTIONS 

1. What other name is given to a broadcasting station? 
2. Name the essential elements of a transmitting station. 
3. Is an aerial or an antenna used at a broadcasting 

station? 
4. Describe an oscillator. 
5. Draw a diagram showing the various circuits of a 

broadcasting station. 
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CHAPTER 183 

Radio Troubles 
The service man, in order to intelligently cope with the 

various faults liable to develop in radio sets should be provided 
with a compact portable testing set of which there are a number 
of good ones available. 
The author has selected for illustration in this chapter a test 

set known as a Diagnometer, Model 400 B, made by the Su-
preme Instrument Corp. It comprises equipment for testing 
as follows: 

1. Tube tester 
2. Modulated radiator 
3. Resonance indicator 
4. Neutralizer 

5. Analyzer 
6. Continuity tester 
7. Rejuvenator 
8. External use of meters 

The first step in servicing should be a preliminary inspection of the op-
erating characteristics of the radio, and as this can best be done by actu-
ally tuning the radio to signals, if the radio be not completely inoperative, 
it is advisable to put the modulated radiator in operation. After a pre-
liminary examination of the radio, the next step should be the testing of 
the tubes used in the radio, which is also accomplished with the modulated 
radiator circuits, preferably powered through the power plant. 

Putting the Power Plant in Operation.—Where alternating 
current power, of the voltage and frequency for which the 
testing set is designed, is available, the following procedure 
puts the Power plant in operation for powering the modulated 



s
a
i
g
n
o
l
l
 
o
!
p
e
u
 

FIG. 7,395.—Supreme diagnometer showing front panel markings. The markings are: 

1. Oscillator coil pin jacks marked B.P.G.F.; 
2. A.c. volt meter, 4 scales 750/150/16/4 /0; 

3. A.c. line jack, for connecting 150 volt scale of a.c, volt meter 2, across a.c. supply line 21; 
4. Pole changer push button switch for reversing connections to the d.c. volt meter 8, when the needle backs off scale during d.c. 

filament 29, or cathode 5, analysis; 

6. Cathode bias jack, for indicating cathode biases on the 100 volt scale of the d.c. volt meter 8, when analyzing from UY sockets 
with the UX heater switch 20, in the heater position; 

6. D.c. milli ammeter, the 125 mil, scale of which is in the common plate circuit of the 4 sockets 19 and 22. The 2 M ampere scale 
is available externally only; 
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FIG. 7,395.— Text continued. 

7. Milli ammeter switch for opening a shunt for the 25 milli ampere scale range 6; 

3. D.c. volt meter, 4 scales, 750/250/100/10/0; 

9. Analyzer adapter for UY sockets; 

10. Universal analyzer plug. This plug should be removed from any radio tube socket before 
connecting the diagnometer to the a.c. supply line 21; 

11. Control grid contact lug on the analyzer plug 10; 

12. Top heater tube filament contacts on the analyzer plug 10; 

13. Adapter release on the analyzer plug 10; 

14. Jack for rejuvenating 5 volt tubes of thoriated filament types; 

1$. Jack for rejuvenating 3 volt tubes of thoriated filament types; 

16. Overhead (top) heater tube filament pin jacks; 

17. Polarized series socket adapter for 100 watt Mazda protective lamp; 

18. 100-watt Mazda lamp; 

19. Load sockets used when analyzing from radio tube sockets; 

20. UX heater switch. To be left in heater position when analyzing from radio sockets which 
utilize tubes having independent cathodes. For all other tube socket analysis, leave the 
switch in the UX position; 

21. A.c. power supply cord and plug. To be detached when analyzer plug 10, is to be inserted 
in any radio tube socket; 

22. Tube testing sockets used when the testing set employs any tube while connected to an a.c. 
power supply system; 

23. Screen grid jack for connecting to the control grid contact on top of any screen grid tube 
placed in any of the testing set tube sockets; 

24. Switch to be depressed when testing screen grid tubes and the second plate of full wave rec-
tifying tubes placed in either tube testing socket 22; 

25. Switch for applying either of two grid voltages to the grid of any tube placed in a tube testing 
socket 22; 

26. A .c . filament jack for connecting 16 volt scale of ac. volt meter 2, across the filament con-
tacts of the analyzer plug 10; 

27. Push button switch for shunting G and F of the oscillator coil pin jacks 1, to stop oscillation 
of any amplifier tube used in a tube testing socket 22; 

28. A.c. filament jack for connecting the 4 volt scale of the a.c, volt meter 2, across the filament 
contacts of the analyzer plug 10; 

29. D.c. filament jack for connecting the 10 volt scale of the d.c. volt meter 8, across the filament 
contacts of the analyzer plug 10; • 

30. Grid jack for connecting the 100 volt scale of the d.c. volt meter 8, across the grid and 
cathode contacts of the analyzer plug 10, for indicating negative grid bias; 

31. Screen grid jack for connecting the 100 scale of the d.c. volt meter 8, across the grid and 
cathode contacts of the analyzer plug for indicating positive screen grid bias; 

32. Control grid jack for connecting the 10 volt scale of the d.c. volt meter 8, across the control 
grid contact lug 11, and the cathode contact of•the analyzer plug 10, for indicating negative 
control grid bias; 

33. Plate jack for connecting the 100 volt scale of the d.c. volt meter 8, across the plate and 
cathode contacts of the analyzer plug 10 for indicating positive plate voltages below 100 volts; 

34. Plate jack for connecting the 250 volt scale of the d.c. volt meter 8, across the plate and 
cathode contacts of the analyzer plug 10, for indicating positive plate voltages between 100 
and 250 volts; 
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radiator for a test of the tuning characteristics of a radio, for 
the testing of tubes, and for other purposes: 

1. Remove the oscillator coil from its pin jack position. 
2. Open all switches on the panel of the testing set. 
3. Clear the analyzing plug and all jacks of the testing set from contact 

with any electrical conductors which might short circuit any of the jack 

FIG. 7,396.—Supreme radio diagnometer in carrying case which provides adequate space for all 
tools that may be required as well as spare tubes and parts. Illustration shows oscillator coil 
in position and swinging tube shelf that provides accessibility and protection to tubes. In-
strument can be used in carrying case or removed, as desired. 

FIG. 7,395.—Text contin.:ed. 
35. Plate jack for connecting the 750 volt scale of the d.c. volt meter 8, across the plate and 

cathode contacts of the analyzer plug 10, for indicating positive plate voltages between 250 
and 750 volts; 

36. Power plant jacks for applying a filament voltage which corresponds to the filament rating 
of any tube placed in either of the tube testing sockets 22, when the testing set is connected 
with the supply cord 21, to an a.c. supply system. 
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switches, or which might be grounded or directly connected to the common 
alternating current system. This will avoid the possibility of shunting 
power supply around the protective resistor. 

4. Remove the prescribed protective resistor from its series socket of 
the a.c. connector cord. 

5. Connect the testing set to a convenient a.c. supply socket, using the 
a.c. connector cord with its series socket vacant. 

6. Close the a.c. line switch. If the a.c. volt meter show any reading, 
the series socket is shorted, and the deficiency must be corrected before 
proceeding with any test. 

7. If the a.c. volt meter show no reading, replace the protective re-
sistor in its series socket of the a.c. supply connector cord. The a.c. line 
voltage should then be indicated on the a.c. volt meter. This switch may 
remain closed so that line voltage fluctuations may be observed. A shorted 
tube, or other short circuit within the circuits upplied with the power 
plant will be indicated by a radical drop of the volt meter reading. 

Putting the Modulated Radiator in Operation.—With the 
power plant in operation, the following steps complete the set 
up of the modulated radiator for a check up of the pick up 
characteristics of a radio, for tube testing, and for other pur-
poses: 

1. Insert the oscillator coil, with its label to the front, in its prescribed 
position. 

2. Throw the UX heater switch to its heater position. 

3. Place a good oscillating tube in one of the tube testing sockets. Use 
a clip pin plug lead for connecting the top control grid contact to the 
screen grid pin jack on the instrument lane' 

4. Throw the biasing toggle switch to the position for maximum oscillation. 

5. Leave the ammeter milli-ammeter scale switch in position for read-
ings on the highest available scale of the meter. 

6. Close the power plant switch, the voltage marking of which corre-
sponds to the filament specification of the tube which has been placed in 
one of the tube testing sockets. 

7. When using screen grid tubes, close the test S. G. tubes switch mo-
mentarily for obtaining plate readings of the tube. 
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FIG. 7,397—Supreme diagnometer showing rear panel markings for external connections. 

The markings of the diagnometer (fig. 7,397) are: 

A. Connects to negative side of 125 mil, scale of d.c. milli-ammeter 6. Positive side connects to D. 25 mil. scale available by de-
pressing milli-ammeter switch 7. 

D. Connects to one side of primary circuit of audio transformer. Other side of primary connects to P; 

C. Common positive connection for all scales of d.c. volt meter 8. Negative connections available at 0 and Q when a corresponding 
jack 29, 33, 34 or 35 is closed; 

D. Common positive connection to d.c. milli-ammeter 6. Negative 125 scale available at A. without closing any switch or jack. 
Negative 25 mil, connection completed at A, by depressing milli-ammeter switch 7. Negative connection to 2M ampere scale of 
d.c. milli-ammeter 6, completed at F, without closing any switch or jack. 

E. One side of 30 ohm rheostat X. and thermo couple heater unit of d.c. volt meter 8. Other side of 30 ohm rheostat available at 
V. Rheostat should not be used as a filament control with a battery hook up of the testing set; 

F. Negative connection to 2)4 ampere scale of d.c. ammeter 6. Positive connection completed at D, without closing any switch or 
jack; 

G. One side of secondary winding of audio transformer which is completed at T; 

il. One side of third (low impedance secondary) winding of audio transformer. The other side is completed at E; 
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8. The plate current, which includes whatever additional current which 
may be induced by the oscillatory circuit, will then be indicated on the 
milli-ammeter. 

9. If the current reading do not exceed the next lower scale limit, the 
milli-ammeter scale switch should be closed to the position for readings on 
the next lower scale. Observe the value of the current. 

10. Close the oscillation switch and observe the plate current reading 
with the tube not in an oscillating condition. The audible strength of 
the radiated signal will generally be in proportion to the difference in the 
current readings obtained. 

Operating Modulated Radiator with Batteries.—Where alter-
nating current power supply of the voltage and frequency for 
which the testing set is designed is not available, the oscillatory 

FIG.7,397 .—Text continued, 

I. One side of 500.000 ohm variable resistor Y. The other side is completed at K, the resistor 
being independent of all other circuits; 

J. One side of 750 volt scale range of a.c, volt meter 2. The other side is completed at L, without 
closing any panel switch or jack; 

K. One side of 500,000 ohm variable resistor. The other side is available at I; 

L. Common connection for all scales of a.c. volt meter 2. The other side of the 4 and 16 volt 
scale ranges is available at U, when a corresponding panel jack 28, or 26, is closed. The other 
side of the 150 volt scale range is available at D, when the a.c. line panel jack 3, is closed. 
The other side of the 750 volt scale range is available at J, without closing any panel switch 

or jack; 
M. One side of thermo couple heater unit. The other side is available at E; 

N. To be connected to C, for closing thermo couple heater unit to 1 mil, movement of d.c. volt 

meter 8; 
O. Connects to negative side of 10-scale of d.c. volt meter when panel jack 29, is closed for com-

pleting the positive meter connection to C; 

P. One side of audio transformer primary. The other side terminates at B; 

Q. Connects to negative side of 100, 250 and 750 volt scale ranges of d.c. volt meter 8, when a 
corresponding panel jack 33, 34 or 35, is closed for completing the positive meter connection 

to C; 
R. One side of 0.001 mfd. fixed condenser. The other side connects to T; 

el. One side of 0.002 mfd. fixed condenser. The other side connects to T; 

T. Common connection of each condenser terminating at R, S, and U; also connects to filament 
end of audio transformer secondary; 

U. One side of 1 mfd. fixed condenser. The other side connects to T; 

V. One side of 30 ohm rheostat X. The other side connects to E; 

W. Connects directly to V; 

X. Control knob of 30 ohm rheostat available at E and V; 

y. Control knob of 500,000 ohm variable resistor available at I and K. 



7,398.—Supreme oscillator operation modulated with a.c. supply. 

A. Remove any jumpers or test leads which may have been left connected to the instrument, open all jack switches on the panel, 
and clear the analyzer plug 10, from contact with any electrical conductors which may be grounded or connected to the common 
a.c. supply system. 

B. Insert the polarized series socket adapter 17, without the 100 watt Mazda lamp 18, in the receptacle on the end of the tray; 

C. Connect the supply plug 21, to a convenient a.c. supply outlet; 

D. Close the a.c. line jack 3. If the a.c. volt meter 2, show a reading, the series socket adapter 17, is shunted and the deficiency 
must be corrected before proceeding with any test; 

E. If the a.c. volt meter 2, show no reading, place the 100 watt Mazda lamp 18, in the series socket adapter 17. The a.c. supply 
voltage should then be indicated on the a.c. volt meter 2. No device other than the prescribed 100 watt lamp 18, should be used 
in the series socket adapter 17. A lower resistance would endanger the milli-anuneter; 

F. Insert the oscillator coil with its label to the front, in the prescribed position 1; 

G. Place an amplifier tube of any type, except a screen grid or top heater, on one of the tube testing sockets 22; 
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circuits of the modulated radiator may be powered with bat-
teries, the hook up procedure being as follows: 

1. Connect the common positive (d.c.) external pin jack of the test-
ing set to the positive terminal of a battery the voltage of which is regu-
lated to meet the filament voltage specification of the tube to be placed 
in either of the tube testing sockets. 

2. Connect the —10 d.c. external pin jack to the negative terminal of 
the filament supply battery. 

3. Connect the external milli-ammeter positive pin jack to the positive 
terminal of a 45 volt B battery. 

4. Join the negative terminal of the 45 volt B battery to the positive 
terminal of the filament battery. 

5. Close the d.c. Fil, switch of the testing set for observing the filament 
voltage. 

6. Insert the oscillator coil in its prescribed position. 

7. Place a tube in one of the tube testing sockets. 

Using the Modulated Radiator for Tube Testing.—Tube 
testing is probably the most important phase of radio servicing, 
and every test or analysis of any radio should be preceded by 
a test of the tubes used in the radio with whatever replacements 
and rearrangements of the tubes may be required for the best 

7,398.—Text continued. 

H. Remove the jack plunger from the a.c, line jack 3, and insert it in the power plant jack 36, 
the voltage marking of which corresponds to the filament rating of the tube which has been 
placed in the tube testing socket 22; 

I. If the tube be generating oscillations, modulated r.f. signals should now be radiated at about 
five different frequencies within the broadcast band. These signals may be tuned in with any 
operative radio for synchronizing, neutralizing, or other purposes; 

.1. The harmonic frequencies may be changed somewhat by changing the position of the zero 
bias toggle switch 25; 

K. If it be desired to increase the pickup strength of the signals, the oscillator coil intermediate 
winding, which terminates at two pin jacks on the back of the coil, may be coupled with test 
leads to the pickup circuits of a radio under test; 

L. If the oscillator signals be too strong and broad, their strength may be reduced and the tuning 
sharpened by changing the position of the jack plunger to a power plant jack of a voltage mark-
ing lower than the filament rating of the tube. 



7.399.—Supreme tube testing with a.c. supply. PART I.—Except screen grid, rectifier, and top heater tubes. 
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A. Remove any jumpers or test leads which may have been left connected to the instrument, open all jack switches on the panel, 
and clear the analyzer plug 10, from contact with any electrical conductor which may be grounded or connected to the common a.c. 
supply system; 

B. Insert the polarized series ...egret adapter 17, with a 100 watt Mazda lamp 18, in the receptacle on the end of the instrument 
tray. If any device other than a 100 watt Mazda lamp 18, should ever be used in the series socket adapter 17, the milli-ammeter 6, 
might be harmed or show incorrect readings; 
C. Connect the supply plug 21, to a convenient a.c. supply outlet; 

D. Close the a.c. line jack 3, and observe the supply voltage on the 150 scale of the a.c, volt meter 2; 

E. Insert the oscillator coil, with its label to the front, in the pin jacks 1, marked B.P.G.F. on the panel; 

F. The tube to be tested should be placed in one of the tube testing sockets 22. 
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operation of the radio. With the modulated radiator in opera-
tion, the following procedure is necessary to accomplish tube 
testing: 

1. If the radiator be powered with alternating current, close the a.c. 
line switch and observe the line voltage reading on the a.c. volt meter. 
All tube testing tables are graduated on line voltage readings; and on the 
use of a 45 volt B battery where alternating current supply is not available. 

2. Place the tube to be tested in one of the tube testing sockets. 

3. Throw the biasing toggle switch to its zero position. 

4. Leave the milli-ammeter scale switch in position for readings on the 
highest available scale of the milli-ammeter. 

5. If utilizing a.c. power supply, close the power plant switch the voltage 
markings of which correspond to the filament specifications of the tube 
which has been placed in one of the tube testing sockets. 

6. When testing screen grid tubes close the test S. G. tubes switch 
momentarily for obtaining the proper plate readings of the tube. 

7. The plate current, which includes whatever additional current which 
may be induced by the oscillating circuit, will then be indicated on the 
milli-ammeter. 

8. If the current reading do not exceed the next lower scale limit, the 
milli-ammeter scale switch should be closed to the position for readings on 
the next lower scale. Observe the value of the current. 

FIG. 7,399.—Text continued. 

G. Throw the biasing toggle switch 25, to its zero position; 

H. Close the power plant jack 36, the voltage marking of which corresponds to the filament 
rating of the tube; 

I. As the tube attains its operating temperature, the plate current of the tube, as modified by 
the r.f. pulsations induced by the oscillatory circuit, will be indicated on the 125 scale of the 
d.c. milli-ammeter 6. If the plate current reading 6, is less than 25 milli-amperes, the milli-
ammeter push button switch 7, may be depressed for a more discernible reading on the 25 
mil. scale; 

J. Depress the stop oscillation button 27, for observing the plate current reading of the tube in a 
non-oscillating condition; 

K. With the stop oscillation button 27, depressed, throw the biasing toggle switch 25, to its bias 
position. The resulting change in plate current 6, is an indication of the amplifying merits 
of the tube under test, the greater the change for any type of tube the better the tube; 

L. Release the slop oscillation button 27, and observe the plate current reading 6, of the tube, as 
modified by the if. pulsations induced by the oscillatory circuit, with the zero bias toggle 
switch 25, in its bias position. A comparison of this reading on different good tubes of the 
same type affords an excellent means far matching tubes for the tuned stages of a radio; 

M. The four plate current readings obtained may be compared with the tube testing tables, 
which indicate average relationships in tube characteristics. 
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9. Except when testing rectifier tubes, close the oscillation switch and 
observe the plate current reading with the tube not in an oscillating con-
dition. 

10. Except when testing rectifier tubes the biasing switch may be thrown 
to its bias position, repeating the two preceding steps. 

11. Compare the readings obtained with the readings shown in tube 
testing tables. 

12. Repeat above routine for each tube to be tested. 

If there be a radical difference between the values of plate 
current in each of the plate circuits of a full wave rectifier of 

7,400.—Supreme tube checker; portable model for either counter or portable use, with lid 
mounted on slip hinges, handle and detachable cord. It provides the following features: 
1, tests pentode tubes and the new 2 volt 30 series tubes; 2, tests screen grid tubes with voltage 
closely approaching operating conditions; 3, full size 3;4 in. meter, full bakelite case; 4, 
double scale meter, both scales calibrated; 5, large size transformer; 6, correct filament volt-
ages applied to every type tube; 7, off and on switch. 

NOTE.—Screen grid tube testing with a.c. supply, fig. 7,399. 

A. Remove any jumpers or test leads which may have been left connected to the instrument, 
open all jack switches on the panel, and clear the analyzer plug 10, from contact with any 
electrical conductors which may be grounded or connected to the common a.c. supply system; 

B. Insert the polarized series socket adapter 17, with a 100 watt Mazda lamp 18, in the recep-
tacle on the end of the instrument tray. If any device other than a 100 watt Mazda lamp 18, 
should ever be used in the series socket adapter 17, the milli-ammeter 6, might be harmed or 
show incorrect readings; 

C. Connect the supply plug 21, to a convenient a.c. supply outlet; 

D. Close the a.c, line jack 3, and observe the supply voltage on the 150 scale of the a.c, volt 
meter 2; 

E. Insert the oscillator coil, with its label to the front, in the pin jacks 1, marked B.P.G.F. on 
the panel; 

F. The tube to be tested should be placed in one of the tube testing sockets 22, with its top 
control grid contact connected with a short clip pin plug lead to the screen grid 23, panel pin 
jack. 
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the filament type, the tube may not perform as efficiently as 
it would were both plate current values normal. 

If it be desired to test both plates of full wave rectifying tubes of the 
filament type, depress the test S. G. tubes for obtaining a reading on the 
second plate. 

Setting up the Rejuvenator.—Where alternating current 
power supply is available and it is desirable to rejuvenate tubes 
of the thoriated filament type, the following procedure should 
be followed for rejuvenating tubes in the sockets of the testing 
set: 

1. Put the power plant in operation, but close no switches in the power 
plant. 

2. Place a tube to be rejuvenated in the UX tube testing socket. A 
tube to be rejuvenated may also be placed in the UX load socket by closing 
the d.c. Fil. switch and throwing the UX to Heater switch to the UX 
position. 

NOTE—Continued. 

G. Throw the biasing toggle switch 25, to its zero position; 

H. Close the power plant jack 36, the voltage marking of which corresponds to the filament 
rating of the tube; 

I. After the tube attains its operating temperature, depress the test screen grid tubes push 
button switch 24. The plate current of the tube, as modified by the r.f. pulsations induced by 
the oscillatory circuit, will then be indicated on the 125 mil, scale of the d.c. milli-ammeter 6. 

If the plate current reading 6, in fig. 7,399, be less than 25 milli-amperes, the milli-ammeter 
push button switch 7, may be depressed for a more discernible reading on the 25 mil. scale. 

J. Depress the stop oscillation button 27, for observing the plate current reading of the tube 
in a non-oscillating condition; 

K. With the stop oscillation button 27, depressed, throw the biasing toggle switch 25, to its 
bias position. The resulting change in plate current 6, is an indication of the amplifying merits 
of the tube under test, the greater the change for any type of tube the better the tube; 

L. Release the stop oscillation button 27, and observe the plate current reading 6, of the tube. 
as modified by the cf. pulsations induced by the oscillatory circuit, with the zero bias toggle 
switch 25, in its bias position. A comparison of this reading on different good tubes of the same 
type affords an excellent means for matching tubes for the tuned stages of a radio; 

M. The four plate current readings obtained may be compared with tube testing tables 
which indicate average relationships in tube characteristics. 



Fin. 7,401—Supreme tube testing with a.c. supply. PART 2. Rectifier (thermionic) tubes. 

A. Remove any jumpers or test leads which may have been left connected to the instrument, open all jack switches, and clear the 
analyzer plug 10, from contact with any electrical conductor which. may be grounded or connected to the common a.c. supply 
system; 

B. Insert the polarized series socket adapter 17, with a 100 watt Mazda lamp 18, in the receptacle on the end of the instrument 
tray. If any device other than a 100 watt Mazda lamp 18, should ever be used in the series socket adapter 17, the milli-ammeter 
6, might be harmed or show inaccurate readings; 

C. Connect supply plug 21, to a convenient a.c. supply outlet; 

D. Close the a.c. line jack 3, and observe the supply voltage on the 150 scale of the a.c. volt meter 2; 

E. Insert the oscillator coil, with its label to the front, in the pin jacks 1, marked B.P.G.F. on the panel; 

F. The tube to be tested should be placed in the UX tube testing socket 22; 
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3. Completely close the rejuvenator switch. 

4. After 15 seconds place the rejuvenator switch in its semi-closed 
(notched) position. 

5. After 10 or 15 minutes, take a test reading of the tubes which have 

Fin. 7,401—Text continued. 

G. Close the power plant jack 36, the voltage marking of which corresponds to the filament 
rating of the tube; 

H. The current of one plate will be indicated on the 125 mil. scale of the d.c. milli-ammeter 6; 

I. When testing a full wave rectifier tube, depress the test screen grid tubes push button switch 
24, for obtaining the plate current reading of the other plate; 

J. The plate current readings obtained may be compared with tube testing tables, which 
indicate average relationships in tube characteristics. 

NCYTE.—Overhead (top) heater tubes (fig. 7,401). 

A. Remove any jumpers or test leads which may have been left connected to the instrument, 
open all jack switches on the panel, and clear the analyzer plug 10, from contact with any 
electrical conductor which may be grounded or connected to the common a.c, supply system; 

B. Insert the polarized series socket adapter 17, with a 100 watt Mazda lamp 18 in the 
receptacle on the end of the instrument tray. If any device other than a 100 watt Mazda lamp 
18, should ever be used in the series socket adapter 17, the milli-ammeter 6, might be harmed or 
show incorrect readings; 

C. Connect the supply plug 21, to a convenient a.c, supply outlet; 

D. Close the a.c, line jack 3, and observe the supply voltage on the 150 scale of the a.c, volt 
meter 2; 

E. Insert the oscillator coil, with its label to the front, in the pin jacks 1, marked B.P.G.F. 
on the panel; 

F. The tube to be tested should be placed in the UX tube testing socket 22, with its overhead 
(top) heater contacts connected with short clip-pin plug leads to the overhead filament 16, panel 
pin jacks; 

G. Throw the biasing toggle switch 25, to its zero position; 

H. Close the 3-3.3 V tubes power plant jack 36; 

I. As the tube attains its operating temperature, the plate current of the tube, as modified by 
the r.f. pulsations induced by the oscillatory circuit, will then be indicated on the 125 mil, scale of 
the d.c. milli-ammeter 6. If the plate current reading 6, be less than 25 milli-amperes, the 
milli-ammeter push button switch 7, may be depressed for a more discernible reading on the 
25 mil. scale 6; 

J. Depress the stop oscillation button 27, for observing the plate current reading of the tube in 
a non-oscillating condition; 

K. With the stop oscillation button 27, depressed, throw the biasing toggle switch 25, to its 
laos position. The resulting change in the plate current 6, is an indication of the amplifying 
merits of the tube under test, the greater the change for any type of tube the better the tube; 

L. Release the stop oscillation button 27, and observe the plate current reading 6, of the tube, 
as modified by the s.f. pulsations induced by the oscillatory circuit, with the zero bias toggle 
switch 25, in its bias position. A comparison of this reading on different good tubes of the same 
type affords an excellent means for matching tubes for the tuned stages of a radio. 

M. The four plate current readings obtained may be compared with tube testing tables, 
which indicate average relationships in tube characteristics. 
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been subjected to the rejuvenating process to ascertain the progress of 
the rejuvenation. 

8. If tubes be restored no further rejuvenation is necessary. If not, the 
process should be repeated until the tube emission is restored or until it is 
dearly apparent that the tube is worn out or exhausted and will not re-
spond to rejuvenation. 

As many as 12 tubes may be rejuvenated at one time by 
utilizing the tube sockets of a d.c. radio, the filament contacts 
of which are wired in parallel. An improvised bank of sockets 
may be utilized for connecting the filaments together. 
The following procedure should be followed in utilizing the 

tube sockets of a d.c. radio for holding the tubes during re-
juvenation: 

1. Disconnect the ground lead from the radio. 

2. Disconnect the battery or other power supply leads from the radio. 

3. Turn all manually controlled rheostats to their full On positions so 
6 as to remove rheostat resistances from filament circuits of the radio. 

4. Shunt out all automatic filament control devices. 

5. Remove one of the tubes from the radio, and insert the analyzer 
plug in the vacant socket. 

6. Fill all other tube sockets of the radio with tubes to be rejuvenated, 
the total number of tubes not to exceed 12. 

7. Close the d .c . Fil, switch so as to combine the analyzer circuits with 
the rejuvenator circuits. 

8. Repeat steps through 6 of the preceding paragraph. 

It must be remembered that only tubes of the thoriated filament type 
which have been paralyzed or over loaded can be restored by rejuvenation. 
Worn out or exhausted tubes of this type, or tubes of any other type of 
filament cannot be rejuvenated. 

Tube Socket Analyzing.—As the fundamental operating 
characteristics are practically the same for all radios, for the 
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purposes of analysis, the circuits of a radio fall into two classi-
fications, namely: the tube socket circuits which are always di-
rectly supplied with voltages from the radio power supply sys-
tem, and may always be subjected to tube socket analysis, and 
the input (pick-up) and output (audible reproducer) circuits, 
which may or may not be directly connected to the radio 
power supply system, and may require the use of some method 
of testing other than that afforded by tube socket analysis. 

The electrical characteristics of the circuits not amenable to tube socket 
analysis may be determined by their reaction to the modulated radiator 
with the radio in operation. The location of defects in these circuits will 
be discussed along with the instructions for the use of the continuity tester. 

If properly connected, each filament, plate, grid and cathode 
circuit of a radio terminates at a tube socket. 

In other words, the radio is built to fit the tube, which is the heart of 
radio circuits; and the tube circuits constitute the arteries, veins, and 
nerves of the radio, centering at the tube sockets at which most of the 
needed information as to the operating characteristics of a radio may be 
ascertained. 

At one time it appeared probable that all tubes would be built on stand-
ard UX bases, but the advent of the indirect heater type introduced the 
UY base. The later appearance of the screen grid tubes introduced an-
other tube element with its contact at the top of the tube. The newer 
types of radios will probably be built with relatively fewer UX sockets. 
Until a standard socket arrangement is adopted for all tubes and radios, 
adapters will be neces.sary for the interchanging of tubes and sockets. A 
familiarity with the use of adapters is essential for tube socket analyzing. 

Analyzing Adapters.—The diagnometer is provided with a 
plug which requires the use of only one adapter for analytical 
tests on all radios, including screen grid types and overhead 
heater filament types, employing UX or UY tube sockets. 
No tube base adapter is required for placing any UX or UY 
tube in the sockets of this model. 
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FIG. 7,402—Supreme analyzing radio tube sockets. PART 1—Triode tubes, UX and UY sockets. 

A. Remove the oscillator coil from the oscillator coil pin jacks 1, and remove all jack plungers and connecting leads from the 
diagnometer; 

B. With the radio to be analyzed turned off remove a tube from the radio and place the tube in the load socket 19, which will 
accommodate the tube without an adapter; 

C. Throw the U X healer switch 20, to the U X position for UX tubes and to the heater position for UY tubes; 

D. Insert the analyzer plug 10, using the adapter 9, if required, into the radio tube socket; 

E. Turn the radio on and adjust the volume and tuning controls to whatever positions may be recommended by the radio manu-
facturer for analyzing. The plate current load of the tube will be indicated on the 125 mil. scale of the d.c. milli-ammeter 6, 
during the analysis. If the reading be less than 25 milli-amperes, the press for 25 mil. scale milli-ammeter push button switch 
7, may be depressed for a more exact reading on the 25 scale of the meter. If the tube be good, a normal reading on the d.c. 
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7.402.-Text continued. 

milli-ammeter 6, generally indicates continuity of all radio circuits terminating at the socket 
being analyzed; 

F. If it be desired to continue the analysis on the same socket, insert the jack plunger in the a.c. 
filament jack 26, or 28, the scale marking of which least exceeds the filament rating of the 
tube. The filament voltage should then be indicated on the a.c. volt meter 2, scale which 
corresponds to the closed jack 26 or 28; 

G. Insert the jack plunger in the plate jack 33, 34. or 35, the scale marking of which least exceeds 
the plate voltage specified for the radio tube socket. The applied plate voltage should then 
be indicated on the d.c. volt meter 8, scale which corresponds to the scale marking of the 
closed jack 33, 34, or 35; 

H. The negative grid voltage should be indicated on the 100 scale of the d.c. volt meter 8, when 
the jack plunger is placed in the grid jack 30. If the grid of the radio tube socket being ana-
lyzed be resistance coupled to the preceding stage, a more accurate reading of the applied grid 
voltage will be indicated by connecting a test lead between the grid contact of the unoccupied 
load socket 19, and the grid return which is usually the grounded chassis of the radio; 

I. A negative cathode bias applied to a UY radio tube socket under analysis should be indicated 
directly on the 100 scale of the d.c. volt meter 8, when the jack plunger is placed in the 
cathode jack 5. If the d.c. volt meter 8, needle backs off scale, depressing the pole changer 
push button switch 4, affords a direct reading of positive cathode biasing. 

NOTE.-Screen grid tube socket analysis (fig. 7,402). 

A. Remove the oscillator coil from the oscillator coil pin jacks 1, and remove all jack piungers 
and connecting leads from the diagnometer; 

B. With the radio to be analyzed turned off remove a tube from the radio and place the tube 
in the load socket 19, which will accommodate the tube without an adapter; 

C. Connect the top control grid contact of the tube with a short clip pin plug lead to the 
screen grid pin jack 23, on the panel; 

D. Throw the UX-heater switch 20, to the UX position for UX tubes and to the healer 
position for UY tubes; 

E. Insert the analyzer plug 10, using the adapter 9, if required, into the radio tube socket. 

F. Connect the control grid contact lug 11, of the analyzer plug 10, to the control grid clip of 
the radio tube socket; 

G. Turn the radio on and adjust the volume and tuning controls to whatever positions may 
be recommended by the radio manufacturer for analyzing. The plate current load of the tube 
will be indicated on the 125 mil, scale of the d.c. milli-ammeter 6, during the analysis. If the 
reading be less than 25 milli-amperes, the press for 25 mil. scale milli-ammeter push button 
switch 7, may be depressed for a more exact reading on the 25 scale of the meter. If the tube be 
good, a normal reading on the d.c. milli-ammeter 6, generally indicates continuity of all radio 
circuits terminating at the socket being analyzed; 

H. If it be desired to continue the analysis on the same socket, insert the plunger in the a.c. 
filament jack 26, or 28, the scale marking of which least exceeds the filament rating of the tube. 
The filament voltage should then be indicated on the a.c. volt meter 2, scale which corresponds 
to the closed jack 26, or 28. If the filament of the radio tube socket be supplied with a direct 
current voltage, the d.c. filament jack 29, should be used instead of an a.c. filament jack 26. or 
28, for indicating the d.c. filament voltage on the 10 scale of the d.c. volt meter 8; 

I. Insert the jack plunger in the plate jack 33, 34, or 35, the scale marking of which least 
exceeds the plate voltage specified for the radio tube socket. The applied plate voltage should 
then be indicated on the d.c. volt meter 8. scale which corresponds to the scale marking of the 
closed jack 33, 34, or 35; 
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A snap catch is employed on this plug to prevent the separation of the 
adapter from the plug when inserted in a tube socket. Special pin plug 
clip leads are used for testing screen grid tubes and for testing overhead 
heater filament tubes. 

A pole changer switch must be used in connection with the adapter. 
Grid and plate voltages should be read with the pole changer in its normal 
position and re-read with the pole changer depressed. Unless no reading 
is obtained in either case, the lowest reading obtained should be used as 
the correct reading. The pole changer switch should be depressed when 
the d.c. volt meter backs off scale when attempting to read d.c. filament 
voltages. 

The adapter should be used for placing UX tubes in the load socket 
when analyzing a.c. radios, and when analyzing d.c. radios in which the 
negative filament terminals are adjacent ta the plate terminals. Leave the 
pole changer switch in its normal position for reading the filament voltages. 

Voltage Tests, Circuits Unloaded.— No load filament, plate 
and grid voltage tests may be made with all tubes removed 
from the sockets of parallel filament radios where all of the 
voltages are supplied from batteries. No load readings may 
be compared with the load readings for ascertaining the extent 
of battery exhaustion. On all other radios, except those em-
ploying series filaments, no load filament and plate voltage 
readings should be taken with only one of the tubes out of the 
circuits. 

No load grid readings need not be undertaken except where a C battery 
is used. In battery types of radios where no C voltage is employed, con-
tinuity of the grid circuit may be determined by changing the position 
of the pole changer switch so as to read the filament voltage across the 
grid circuit with the grid switch closed. 

NOTE .—Continued 

J. The negative control grid bias should be indicated on the 10 scale of the d.c. volt meter 8, 
when the jack plunger is placed in the control grid jack 32; 

K. The positive screen grid bias should be indicated on the 100 scale of the d.c. volt meter 8, 
when the jack plunger is placed in the screen grid jack 31; 

L. A negative cathode bias applied to a UY radio tube socket under analysis should be indi-
cated directly on the 100 scale of the d.c. volt meter 8, when the jack plunger is placed in the 
cathode jack 5. If the d.c. volt meter 8, needle back o I scale, depressing the pole changer push 
button switch 4, affords a direct reading of positive cathode biasing. 
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Fie. 7,403—Supreme analyzing radio tube sockets. PART 2—Triode tubes, Ur and UY d.c. filament. 

A. Remove the oscillator coil from the oscillator coil pin jacks 1, and remove all jack plungers and connecting leads from the 
diagnometer; 

B. With the radio to be analyzed turned off, remove a tube from the radio and place the tube in the load socket 19, which will 
accommodate the tube without an adapter; 

C. Throw the U X heater switch 20, to the UX position. Insert the analyzer plug 10, using the adapter 9, if required, into the 
radio tube socket; 

D. Insert the jack plunger in the d.c. filament jack 29; 
E. Turn the radio on. If the d.c. volt meter 8, needle backs off scale, depress the pole changer push button switch 4, while adjust-

ing the radio filament controls, if any, for an indication on the 10 scale of the d.c. volt meter 8, of the rated filament voltage of 
the tube. The plat e current load of the tube will be indicated on the 125 mil, scale of the d.c. milli-ammeter 6 during the analy-
sis. If the reading be less than 25 milli-amperes, the press for 25 mil. s:ale milli-ammeter switch 7, may be depressed for a more 
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All grid and plate no load readings, where these voltages are supplied 
with batteries, should be read with the battery switch open, first with 
the testing set pole changer switch in its normal position, and then read 
with the pole changer switch depressed. The lowest reading of value will 

FIG. 7,403.—Text continued. 

exact reading on the 25 mil, scale of the meter. If the tube be good, a normal reading on the 
d.c. milli-ammeter 6, will generally indicate continuity of all radio circuits terminating at the 
socket being analyzed; 

F. If it be desired to continue the analysis on the same socket, insert the jack plunger in a plate 
jack 33, 34, or 35, the scale marking of which least exceeds the plate voltage specified for 
the radio tube socket. The applied plate voltage should then be indicated on the d.c. volt 
meter 8, scale which corresponds to the scale marking of the closed jack 33, 34, or 35; 

G. Insert the jack plunger in the grid jack 30, for observing the negative grid voltage which will 
be the lower of two separate readings indicated on the 100 scale of the d.c. volt meter 8, the 
two readings corresponding to the two positions of the pole changer switch 4. The reading 
of the lower value will not include the filament voltage. 

NOTE.—Top heater tube socket analysts (5g. 7,403). 

A. Remove the oscillator coil from the oscillator coil pin jacks 1, and remove all jack plungers 
and connecting leads from the diagnometer; 

B. With the radio to be analyzed turned off remove a tube from the radio and place the tube 
in the UX load socket 19; 

C. Connect the top heater contacts of the tube with short clip pin plug leads to the overhead 
filament pin jacks 16, on the panel; 

H. Throw the UX-healer switch 20, to the heater position; 

E. Insert the analyzer plug 10, without the adapter 9, into the radio tube socket; 

F. Connect the top heater tube filament contacts 12, of the analyzer plug 10, to the trolley 
filament contacts of the radio tube socket; 

G. Turn the radio on and adjust the volume and tuning controls to whatever positions may be 
recommended by the radio manufacturer for analyzing. The plate current load of the tube will 
be indicated on the 125 mil, scale of the d.c. milli-ammeter 6, during the analysis. If the reading 
be less than 25 milli-amperes, the press for 25 mil, scale milli-ammeter push button switch 7, may 
be depressed for a more exact reading on the 25 scale of the meter. If the tube be good, a normal 
reading on the d.c. milli-ammeter 6, generally indicates continuity of all radio circuits terminat-
ing at the socket being analyzed; 

H. If it be desired to continue the analysis on the same socket, insert the jack plunger in the 
a.c. filament jack 26, or 28, the scale marking of which least exceeds the filament rating of the 
tube. The filament voltage should then be indicated on the a.c. volt meter 2, scale which cor-
responds to the closed jack 26, or 28; 

I. Insert the jack plunger in the plate jack 33. 34, or 35, the scale marking of which least 
exceeds the plate voltage specified for the radio tube socket. The applied plate voltage should 
then be indicated on the d.c. volt meter 8, scale which corresponds to the scale marking of the 
closed jack 33, 34, or 35; 

J. The negative grid voltage should be indicated on the 100 scale of the d.c. volt meter 8, 
when the jack plunger is placed in the grid jack 30. If the grid of the radio tube socket being 
analyzed is resistance coupled to the preceding stage, a more accurate reading of the applied 
grid voltage will be indicated by connecting a test lead between the grid contact of the unoc-
cupied load socket 19, and the grid return which is usually the grounded chassis of the radio. 
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not include the filament voltage and should be recorded as the correct 
grid or plate voltage respectively. 

Load Tests.—The load test of any device is the most reliable 
test. A comparison of the load test of any electrical device 
with its no load test is a fairly reliable index to the internal 
resistance of the device. 

When a tube is placed in the load socket during analysis with the radio 
in operation, the current drawn by the tube will be shown on the mili-
ammeter. This reading may be compared with the tables published by 
tube manufacturers. 

If there be a radical departure from the specified current reading it 
indicates a defective tube, or improper relation between the B and C 
voltage of the radio. The latter is not an unusual trouble where socket 
power devices are attached to radios originally designed for battery op-
eration. Wherever this trouble is encountered, the B voltage should be 
adjusted to the proper value for the C voltage used. Otherwise the tubes 
will be subjected to strenuous usage, and the reproduction will not be 
satisfactory in quality. 

When taking voltage readings, it may be noticed that the milli-ammeter 
may show a slight deflection, indicating the load of the volt meter, which, 
with the 1000 ohm per volt volt meter, will be 1 milli-ampere at full scale 
volt meter deflection. All load readings taken with the testing set will 
be accurate within about 2%, this slight variation being accounted for 
by the losses encountered in the analyzing cord leads. 

Setting up the Analyzer.—The following procedure consti-
tutes the preliminary procedure for putting the analyzer cir-
cuits in operation: 

1. Remove the oscillator coil from its prescribed operating position. 

2. Open all switches. 

3. Disconnect the a.c. supply cord and clear all jacks from contact with 
any electrical conductor which might be grounded or directly connected 
to the common alternating current supply system, thereby avoiding any 
possibility of electrical harm to the testing set or to the radio. 

4. Open the power supply switch of the radio to be analyzed. 
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Filament Circuit Analysis.—While analyzing, the UX heater 
switch, located between the testing set tube sockets, is thrown 
to UX position for analytical tests from radio tube sockets which 
do not utilize tubes with independent cathode emitters. For 
all tubes with independent cathode emitting elements, includ-
ing top heater tubes, the switch is thrown to the heater position. 

FIG. 7,404.—Supreme set analyzer. It makes available a great number of tests and provides 
79 readings. 

A special plug adapter is used for plugging into UY sockets. With the 
plug in the first socket and the tube laid aside, close the proper Fil, switch 
which will measure the filament voltage. 

If testing in a d.c. tube socket, the needle of the d.c. volt meter may 
back off the scale, and the pole changer should be depressed to obtain 
correct readings; this will indicate the direct current voltage available at 
the filament terminals, and if the rheostat be turned on full and the other 
tubes removed, it will also indicate the no load A battery voltage. 
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If testing in an a.c. socket, the reading will indicate the voltage available 
on open circuit. The reading obtained in either case should be recorded. 
With the plug still in the radio socket, place the tube in the load socket 
of the analyzer and again read the filament voltage, It is important that 
this reading be close to that for which the tube is rated; if it is above the 
rated vol cage, the life of the tube will be correspondingly short, whereas 
if it is very much below the rated voltage, proper results will not be ob-
tained. If an adjustment be possible with the radio being analyzed, proper 
adjustment should be made. 

The best results will be obtained with the filament voltages at, or just 
below, their rated voltage. 

Failure to obtain any filament reading will indicate an open 
or shorted filament circuit, with the following causes: 

A battery exhausted 

Open rheostat 

Poor connection 

Defective filament switch 

Open primary or low voltage secondary of a.c. 
power transformer 

Blown fuse 

Poor socket contacts 

Plate Circuit Analysis.—Plate voltage readings may be taken 
with or without the tube in the load socket. Before taking 
either voltage, open the Fil. switch. 

Close one of the plate switches using the one which will best accommodate 
the voltage to be read and at the same time give a good discernible read-
ing. The reading obtained with the tube in the load socket will be less 
than the reading obtained without the circuit loaded. This difference is 
occasioned by the internal resistance current drop of the B supply device, 
and it is, to a certain extent, except in detector sockets, an index to the 
condition of the apparatus supplying the plate voltage. If this voltage 
drop materially exceed 1 volt per milli-ampere drawn by the tube, the B 
batteries should be replaced, or the rectifying tube in the plate supply 
device should be replaced. 

If means be available for adjusting the voltage in socket power devices, 
the plate voltage should be adjusted to that specified for the particular 
tube and the particular socket which is being tested. The readings ob-
tained should be recorded. 
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The plate current under load conditions is a very good index 
to the operating condition of the plate circuit, the current 
being the result of the voltages applied to the grid and plate 
circuits. 

Decreasing the grid voltages has more effect, other factors being equal, 
on increasing the plate current than may be had by increasing the plate 
voltage. 

Failure to obtain proper readings may be caused by any of 
the following troubles: 

Weak or exhausted B batteries Shorted by pass condenser 

Open primary winding of transformer Loose connection 

Open series plate resistor Loose or broken socket contact 

Defective rectifier tube 

Grid Circuit Analysis.—In radios employing batteries for 
supplying C bias, practically the same reading should be ob-
tained without the tube in the load socket as with the tube 
in the load socket. 

This is because the grid circuit has practically no current flow. 

In radios employing biasing resistors, the correct voltage 
reading on the bias can be had only when the tube is in the 
load socket and the bias voltage should be read with the grid 
switch closed for the highest scale of the d.c. volt meter which 
will afford a discernible reading. 

With the plug in the radio socket and the tube in the load socket, closing 
the grid switch will throw the volt meter across the grid and one of the 
filament contacts of the radio tube socket. The pole changer switch 
should be closed for each reading, and the lowest reading should be taken 
as the correct bias reading, as one of the readings may include the voltage 
of the filament. 
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In d.c. radios, a reversed A battery may be indicated by the 
backing off scale of the d.c. volt meter needle when the grid 
switch is closed. 

If no reading be obtained when the grid switch is closed after having 
tried the pole changer in both of its positions, the following sources of 
trouble should be investigated, except in radios employing synchrophase 
circuits; a, Open transformer, low voltage secondary; b, Open grid sup-
pressor; c, Open grid bias resistor; d, Poor grid contact in tube socket. 

When analyzing from the detector socket of a radio, it will 
usually be found that a very low voltage reading is obtained. 

This is due to the fact that a grid leak is usually employed in series with 
the grid for grid leak detection, and is of such high resistance that it lowers 
the reading of grid voltage. The grid leak resistance may be temporarily 
shunted if it be desired to get a true grid voltage reading. 

Cathode Circuit Analysis.--A cathode switch is provided for 
obtaining voltage readings of the cathode bias employed in 
4 and 5 element tubes. 

Cathode circuits are rarely the source of radio troubles, but the readings 
obtained should be recorded and compared with the specifications for the 
tube and tube socket analyzed. No reading, where cathode biasing re-
sistors are known to be employed would indicate an open resistor, and a. 
low reading would indicate a partially shorted resistor. If no means be. 
available for reading the cathode bias, a defective bias would probably 
be indicated by excessive hum. 

Screen Grid Analysis.—This is accomplished by plugging 
into the socket to be analyzed, connecting the clip, which or-
dinarily connects to the top of the tube, to the large control 
grid lug close to the top of the analyzing plug. 

The screen grid tube is placed in the load socket in the usual manner, 
and one of the clip pin plug leads is used for connecting the control grid 
contact of the tube to a corresponding pin jack on the instrument panel. 
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Overhead Heater Filament Analysis.—The procedure is sim-
ilar to that for screen grid analysis, except that the trolley con-
tacts are connected to the trolley contact lugs on the analyzer 
plug, and two clip pin plug leads are used for connecting the 
filament contacts of the tube to corresponding overhead fila-
ment pin jacks on the instrument panel. 

Distortion Tests.—With analyzer plugged into last audio 
amplifying stage, with all testing set switches open, the action of 
the milli-ammeter is a fair index to the degree of distortion in 
the audio circuits. The ideal condition is to have the needle 
steady regardless of the signal fluctuations. 

If the needle deflect upward with the signal impulses, it is an indication 
that the C voltage is too high for the B voltage being used, or that the B 
voltage is too low for the C voltage being used. 

If the needle deflect downward for each signal impulse, it is an indication 
that the C voltage is too low for the B voltage being used, or that the B 
voltage is too high for the C voltage being used. This test, of course, 
should only be undertaken when it is known that all of the tubes in the 
radio are in normal operating condition. The adjustment, if any is pos-
sible with the radio being analyzed, will be obvious from the above de-
scription. The technical analysis of the causes of the distortion involves 
a study of the graphs plotting the characteristics of tubes, which is a very 
long drawn out discussion. 

Analysis Charts.—These charts are arranged in duplicating 
pads and are very useful for recording the readings obtained 
during tube socket analyzing. 

A copy of each chart may be kept for future reference on any radio. 
Radical readings will be indicated by comparison with other charts on 
the same type of radio. These charts have space provided for the power 
plan/ tube tests which should precede the analysis of any radio. 

Input Circuit.—After completing the analysis of the tube 
circuits of a radio, the service man should turn his attention 
to the circuits of the radio system which are not amenable 
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to tests by means of the tube socket analyzing methods just 
described. 

The efficiency of these circuits can best be determined by tuning the 
radio to a modulated radio frequency signal known to exist within pick up 
distance of the radio. 

The modulated radiator of the testing set affords an excellent means for 
setting up the modulated radio frequency signal for these tests. The 
necessary procedure for setting up the modulated radiator was covered 
at the beginning of this chapter. 

The pick up circuit should first be checked as to efficiency. 

This circuit consists of the aerial and the ground or counterpoise sys-
tem, or of a loop or large pick up coil, or of two or more capacity areas, 
or of a combination of any two of these systems, coupled to the grid cir-
cuit of the first tube of the radio. The continuity of a loop aerial may be 
determined by socket analysis where the loop circuit is directly coupled to 
the first radio tube, but it is sometimes found that loop aerials are capaci-
tively coupled to the tube circuit, in which case the continuity of the 
pick up loop cannot be determined by tube socket analysis. 

Where the pick up circuit consists of an aerial and ground or counter-
poise, no voltage is applied between the two, and even where the antenna 
is connected directly to the grid of the first tube, an open or shorted pick 
up circuit cannot be detected by tube socket analysis. 

The antenna of the radio being tested should conform as 
nearly as practicable to the specifications of the manufacturer 
of the radio. 

A comparative test of the pick up capabilities of the antenna may be 
had by tuning the radio to the modulated radiator, and then disconnecting 
the antenna. The signal strength should fall off when the antenna is dis-
connected, or a loud clicking sound should be emitted from the loud speaker 
when the aerial is disconnected and tapped on the antenna binding post 
of the radio. The absence of a strong clicking when this is done with thé 
volume control of the radio at its normal setting, usually indicates an in-
efficient aerial circuit. 

The ground circuit should be checked in a similar manner, although 
there should be a very perceptible drop, amounting to about 50%, in 
audibility when the ground is disconnected. If there be but slight change 
in signal strength with the ground lead removed, new grounds should be 



FIG. 7,405—Supreme continuity tests. Medium and high resistances. 

Medium resistances: 

A. Remove any jumpers or test leads which may have been left connected to the instrument, open all jack switches on the panel, 
and clear the analyzer plug 10, from contact with any electrical conductor which may be grounded or connected to the common 
a.c. supply system; 

B. Insert the polarized series socket adapter 17, with a 100 watt Mazda lamp 18, in the receptacle on the end of the instrument 
tray. If any device other than a 100 watt Mazda lamp 18, should ever be used in the series socket adapter 17, the milli-ammeter 
6, might be harmed or show incorrect readings; 

C. Connect the supply plug 21, to a convenient a.c. supply outlet; 
D. Close the a.c. line jack 3, and observe the supply voltage on the 150 scale of the a.c. volt meter 2; 

E. Insert test probes TP1, and TP2, in the two left side B. and P. oscillator coil pin jacks 1: 

F. Place a thermionic rectifier tube, such as the '81 or '80 type, in the UX tube testing socket 22; 

G. Close a power plant jack 36, the voltage marking of which corresponds to the filament voltage rating of the tube used; 

H. Closing the circuit with the free ends of the test leads will cause the plate current of the tube to be shown on the milli-ammeter, 
indicating continuity of the testing set plate circuit with the external circuit under test. This test should not be undertaken on 
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tried on the radio. A high resistance ground is a very common cause of 
low audibility. In localities where one side of the a.c. supply system is 
grounded, the ground lead of a radio may be determined by connecting a 
lamp or a.c. volt meter between the ground lead and the ungrounded side 
of the line. This is also an excellent means for determining whether or 
not the antenna is shorted to the ground lead. This method also affords 
a very convenient means for differentiation between the antenna and 
ground leads when it is not convenient to differentiate them by visual 
inspection. 

Fin. 7,405.—Text continued. 

a grounded radio or other grounded apparatus. This precaution is necessary for meter pro-
tection where the protective lamp 18, may be in the grounded side of the a.c, supply system; 

I. This hook up may be used for measuring medium resistances, as outlined on pages 4,615 
and 4,617. 

NOTE.—Continuity tests. High resistances (fig. 7,405). For determining continuity 
through high ohmic resistances in either reactive (inductive and capacitive) or non-reactive cir-
cuits, and for the testing of condensers, but without the use of any battery, the following pro-

cedure is recommended: 
A. Remove any jumpers or test leads which may have been left connected to the instrument, 

open all jack switches on the panel, and clear the analyzing plug 10, from contact with any elec-
trical conductors which may be grounded or connected to the common a.c. suppply system; 

B. Insert the polarized series socket adapter 17. with a 100 watt Mazda lamp 18, in the 
receptacle on the end of the instrument tray. If any device other than a 100 watt Mazda lamp 
18, should be used in the series socket adapter 17, the milli-ammeter 6, might be harmed; 

C. Connect the supply plug 21, to a convenient a.c, supply outlet; 

D. Place an '80 tube in the UX tube testing socket 22; 

E. Insert the grooved rejuvenator plunger to the half way aging position in the 3o. rejuvenator 
jack 15. This will apply a filament voltage of about 3.3 volts to the '80 tube; 

F. Insert a jack plunger in the a.c. line jack 3. The supply voltage should then be indicated 

on the a. c. volt meter 2; 

G. Insert a second jack plunger in the control grid bias jack 32; 
H. Connect a jumper between the screen grid 23, pin jack on the panel and one of the 500.000 

ohm pin jacks I. on the back of the instrument tray; 
I. Connect a jumper between the B and P oscillator coil pin jacks 1, on the panel; 

J. Connect a test probe to the unoccupied 500,000 ohm pin jack K. on the back of the instru-

ment tray; 
K. Connect a test probe to the common a.c, pin jack L. on the back of instrument tray; 

L. While touching the free ends of the test probes together, adjust the 500.000 ohm control 
knob Y. located on the back of the instrument tray, for a full scale needle deflection on the d.c. 
volt meter 8. The variable resistance has the effect of increasing the internal resistance of the 
10 scale of the d.c. volt meter to a value of about 50,000 ohms for accommodating the applied 
rectified effective voltage of about 50 volts; 

M. This test should not be undertaken on a grounded circuit. The common a.c. pin jack L. 
on the back of the instrument tray is connected to one side of the primary winding of the power 
transformer during this test, and grounding the test probe connected to this pin jack would 
probably short circuit the a.c. supply system in localities where one side of the a.c. supply system 

is grounded. 
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Lightning arresters should always be checked for shorted 
electrodes. 

Stapling the antenna and ground leads together on base boards is a 
very common source of trouble with antenna ground shorts. 

Output Circuit.—This consists of the loud speaker, or other 
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7,406.—Resistance current curve plotted with the continuity tester, set up as outlined on page 
4,615, utilizing an X-80 tube having a plate reading of 100 milli amperes with test probes 
touched together; that is, with full plate current load. Example! the 100 scale of 1,000 ohms 
per volt d.c. volt meter of the Diagnometer is used with a 45 volt B battery for measuring an 
unknown resistance. The internal resistance of the volt meter with this scale is 100,000 ohms. 
A reading of 30 volts is obtained across the battery, and a reading of 20 volts is obtained with 
the volt meter, battery, and unknown resistance connected in series. 

NOTE.—In fig. 7,406 the formula to be used is: 

( — -1) 
V2 

where R Unknown resistance r - Internal resistance of volt meter; Vi -.Unloaded voltage of 
battery or batteries in series, and V2 Reading of volt meter when in series with battery or 
batteries and unknown resistance. 

Substituting: 30 +20-.1.5; 1.5 -1 0.5; .5 X100,000 -50.000 ohms. 
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device for audible reproduction, and the circuit which couples 
it to the last audio frequency stage of the radio. 

In most of the earlier types of radios the loud speaker is directly coupled 
in series with the plate circuit of the last audio tube, and the continuity 
of the output circuit in such radios may be determined by tube socket 
analysis. 

In most of the more recent models of radios, wherein the last audio 
plate voltage exceeds 135 volts, the loud speaker is usually indirectly 
coupled to the last audio stage, and a test of the output circuit cannot 
be made from a radio tube socket. In either of these types, the efficiency 
of the output circuit can best be determined by tuning in signals on the 
radio. If no other apparent defects exist in the radio system, and the 
loud speaker do not perform satisfactorily, the loud speaker circuits can be 
tested for opens and shorts with the continuity tester. 

Loud speaker windings should not be required to carry a 
current load in excess of that specified by the speaker manu-
facturer. 

In the absence of specifications to the contrary, the last audio or power 
tube chosen and the grid and plate voltages applied thereto should be 
such that the speaker load should not exceed 10 milli-amperes. If the 
plate current of the last audio-amplifying tube exceed this value, some 
type of filter circuit is generally required to protect the loud speaker 
windings from overload currents. A '71-A tube should not be substituted 
for a '12-A in an audio stage without changing the grid bias voltage to 
correspond to the tube to be used. This change in grid bias voltage must 
not affect the grid bias voltage of other tubes. 

Some radios were designed for using a '01-A tube as the first audio am-
plifier, and a '12-A as the second audio, using 135 volts plate voltage and 
9 volts grid bias on both tubes. If the '12-A be replaced with a '71-A, 
the 9 volts grid bias would be incorrect for the '71-A, while a change to 27 
volts grid bias for the '71-A would place an incorrect bias on the '01-A 
used as the first audio tube. Where no filter system is used, the polarity 
of the loud speaker should be checked with a d.c. meter, as a reversed 
polarity will eventually weaken the magnetism of the speaker magnets. 

Putting the Continuity Tester in Operation.—The continuity 
tester is especially adaptable for testing the input and output 



FIG. 7,407—Continuity tests. Low resistances. 

',OME:1 ER 400.8 
WITI1 TEST LEADS 

A. Remove any jumpers or test leads which may have been left connected to the instrument, open all jack switches on the panel. 
and clear the analyzer plug 10, from contact with any electrical conductors which may be grounded or connected to the common 
a.c. supply system; 

B. Insert the polarized series socket adapter 17, with a 100 watt Mazda lamp 18, in the receptacle on the end of the instrument 
tray. If any device other than a 100 watt Mazda lamp 18, should ever be used in the series socket adapter 17, the milli-ammeter 
6, might be harmed; 

C. Connect the supply plug 21, to a convenient a.c, supply outlet; 

D. Connect jumpers JI, J2, J3, and J4, to the pin jacks as indicated; 

E. Insert the jack plunger in the a.c, line jack 3; 

F. Connect test probes TP1, and TP2, to the pin jacks as indicated; 

G. With test probes touched together, adjust 30-ohm rheostat control knob X. for full scale reading on the d.c. volt meter 8. The 
approximate uncalibrated range of the meter in this resistance test is from 0.1 to 25 ohms, depending on the a.c. suppler voltage. 
It is very useful in locating defective soldered joints, shorted variable condenser plates without disconnecting r.f. coils, and for 
checking the center tap of filament resistors or for indicating other low resistance values. 
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circuits of a radio when these circuits are not supplied with 
any voltage from the radio power supply system. Care must 
be exercised, however, not to allow one of the test probes of 
the testing set to come in contact with a grounded conductor. 
With the modulated radiator in operation, the following steps 

are required for putting the continuity tester in operation. 

1. Disconnect apparatus to be tested from both the a.c. line and all 
grounded objects. This is a very necessary precaution for meter protection. 

2. Remove the oscillator coil from its prescribed pin jack position. 

3. Plug two test cords in the two left side (B and P) oscillator coil pin 
jacks. 

4. Place a thermionic rectifier tube, such as the '81 or '80 or other heavy 
current tube, in one of the tube testing sockets. 

5. Close the power plant jack switch, the voltage marking of which 
corresponds to the filament voltage specified for the tube used. 

6. Closing the circuit with the free ends of the test leads will cause the 
plate current of the tube to be shown on the milli-ammeter, indicating con-
tinuity of the testing set plate circuit with the external circuit under test. 

Any three or four element tube capable of showing comparatively good 
discernible plate current readings, such as the '71-A, '12-A, '26 and '01-A 
types, may be used with its corresponding power plant switch closed in-
stead of rectifying tubes for this test, by connecting a jumper between 
the two oscillator coil pin jacks which are not occupied with the test probe 
leads. 

The continuity tester is adaptable tor testing the input and output cir-
cuits of a radio when these circuits are not supplied with any voltage 
from the radio power supply system so that they may be tested with the 
analyzer from tube sockets. It is also useful for testing for loose contacts 
in circuits. 

Synchronizing Procedure.—Having determined that the 
tubes, tube circuits, and the input and output circuits of a 
radio are in their proper conditions, the next step in servicing 
should be to check the synchronous relation of the tuning con-
densers. The two methods of obtaining a meter indication 
of resonance are shown in fig. 7,408. 



R/400.11 

ACCESS TO APPS ITDITEST LEADS 

Pic. 7,408—Supreme synchronizing without meters. Thermo-couple output meter synchronizing. 

Letters in parentheses refer to fig. 7,397, page 4,588. 

A. Put the modulated oscillator in operation as in fig. 7,398; 

B. Set the 30-ohm rheostat control (X), in its approximate center position; 

C. Connect jumpers (J1), (J2), and (J3), to the pin jacks as indicated; 

D. Connect the synchronizing (plate break) adapter terminals to the P and B, pin jacks, on the hack of the instrument tray. 
(When synchronizing radios designed for magnetic speakers, the loud speaker terminals of the radio may be connected to the P 
and B, pin jacks, instead of using the synchronizing (plate break) adapter.) 
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FIG. 7,408.—Test continued. 

E. Remove a tube from the last audio stage of the radio and insert the tube in the adapter. 
Place the adapter in the vacant audio tube socket; 

F. Rotate the tuning knob of the radio while adjusting the 30-ohm rheostat for the desired 
needle deflection which will occur on the dc. volt meter 8, as each harmonic of the modulated 
oscillator is tuned in on the radio. A maximum needle deflection indicates resonance of the 
radio with the modulated oscillator. When using the synchronizing (plate break) adapter 
in push pull stages, the needle deflection of the meter may be increased on some radios when 
the push pull socket not occupied by the adapter is left vacant during the synchronizing 
operations; 

G. Adjust the coupling between the diagnometer and the radio for the desired signal strength; 
H. Adjust each tuning condenser for a maximum reading on a signal between 1,000 and 1,500 

kilocycles, or between whatever other frequency limits specified by the manufacturer of the 
radio. 

NOTE.—Thermo-couple output meter measurements (fig. 7.408). By omitting sec-
tions A, F, G. H. in fig. 7,40 t, this hook up may be used for comparing the gain of any two 
audio amplifiers in the following manner; 

A. Remove the aerial and ground leads from the radio under test; 

B. Remove the detector tube of the radio; 

C. With suitable test leads, apply an audio frequency signal to the plate and cathode contacts 
of the vacant detector socket. For these comparisons, the ordinary 110 volt 60 cycle power 
supply may be used for supplying the audio signal voltage; 

D. The same tests may be accomplished with the a.c. volt meter by similar modifications of 
the following procedures. 

NOTE.—Low impedance output a.c. volt meter synchronizing (fig. 7,408). 

A. Put the modulated oscillator in operation in the manner outlined in fig. 7,398; 

B. Connect the plus or minus a.c. L, and the 1 mfd. U, external pin jacks of the diagnometer 
to the voice coil terminals of the radio; 

C. Close the 4 volt a.c, filament jack 28; 

D. Throw the UX-heater toggle switch 20, to the heater position; 

E. Rotate the tuning control of the radio. A decided a.c. volt meter 2, deflection will occur 
as each harmonic of the modulated oscillator is tuned in on the radio. A maximum needle 
deflection indicates resonance of the radio with the modulated oscillator; 

F. Adjust the coupling between the diagnometer and the radio for the desired signal strength; 

G. Adjust each tuning condenser for a maximum reading on a signal between 1,000 and 1,500 
kilocycles, or between whatever other frequency limits specified by the manufacturer of the 
radio. 

NOTE.—Iliph impedance output a.c. volt meter synchronizing (fig. 7,4C8). 

A. Put the modulated oscillator in operation in the manner outlined in fig. 7,398; 

B. Connect a jumper between the third winding 11, and plus or minus a.c. L, external pin 
jacks; 

C. Connect a jumper between the 30 ohm E, and 1 mid. U, external pin jacks; 

D. Throw the U X-heater toggle switch 20, to the heater position; 

E. Close the 4 volt a.c, filament jack 28; 

F. Connect the synchronizing (plate break) adapter terminals to the P. and B, pin jacks on 
the back side of the instrument tray. When synchronizing radios designed for magnetic speak-
ers, the loud speaker terminals of the radio may be connected to the P, and B, external pin 
jacks, instead of using the synchronizing adapter. 
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Volt Meter, A.C. Low Scales.—The pin jack connections of 
the testing set afford external access to a low scale of the a.c. 
volt meter, the scale range being determined by the closed a.c. 
filament jack. The current required for full scale deflection 
on each of the low ranges is approximately 100 milli-amperes. 

Neutralizing Procedure.—The neutralization of tuned radio 
frequency radios provided with adjustable neutrodon con-
densers may be accomplished as follows: 

1. Place the modulated radiator in operation in the manner previously 
described. 

2. Connect antenna and ground to radio to be neutralized. 

3. Put radio in operation at its maximum volume. 

4. Tune the radio to a strong modulated harmonic at a frequency be-
tween 1,350 and 1,500 kilocycles, or between whatever other frequency 
limits prescribed by the manufacturer of the radio to be neutralized. 

5. Move testing set far enough away from the radio so that inductive 
reactions will not occur between the radio and the testing set; but if the 
signals cannot be picked up, move the instrument closer to the radio, use 
a better oscillating tube, or use an insulated coupling lead brought in 
close proximity to the oscillator coil and the antenna lead in of the radio. 

6. Adjust each neutrodon for maximum signal strength so as to increase 
pick up. 

NOTE.—Fm. 7,408.—Continued. 

G. Remove a tube from the last audio stage of the radio and insert the tube in the adapter. 
Place the adapter in the vacant audio tube socket; 

H. Rotate the tuning knob of the radio. A decided a.c, volt meter 2, deflection will occur 
as each harmonic of the modulated oscillator is tuned in on the radio. A maximum needle 
deflection indicates resonance of the radio with the modulated oscillator. When using the 
synchronizing adapter in push pull stages, the needle deflection of the meter may be increased 
on some radios when the push pull socket not occupied by the adapter is left vacant during 
the synchronizing operations; 

I. Adjust the coupling between the diagnometer and the radio for the desired signal strength; 

.I. Adjust each tuning condenser for a maximum reading on a signal between 1,000 and 1,500 
kilocycles, or between whatever other frequency limits specified by the manufactures of the 
radio. 
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7. Remove the tube of the radio frequency stage nearest the detector. 

8. If the radio be wired with its tube socket filament connections in 
parallel, place the tube in the neutralizing adapter and replace in the radio 
socket; or substitute a dummy tube (i.e., a good tube with one of the 
filament prongs cut off) of the same type in the socket. 

9. If the radio be wired with its tube socket filament connections in 
series, temporarily strap the filament prongs of the tube together and re-
place it in its socket. 

10. If the signal remain audible, the internal capacity of the cold tube 
is probably by-passing the signals which should be tuned to maximum 
strength. 

11. Slowly adjust the heutrodon which corresponds to the cold tube 
stage, using a fibre wrench or fibre screw driver to minimize body capacity 
effects, until the signal disappears entirely or is reduced to minimum 
audibility. 

12. The stage in which the cold tube is located will then be neutralized, 
and the cold tube should be removed and replaced by the original tube. 

13. Proceed in a similar manner with each of the stages in order until all 
of the radio frequency stages are neutralized. 

The degree of accuracy attained when using a dummy tube 
for neutralizing parallel filament radios is determined by the 
degree of uniformity of the internal capacities of tubes. 

It cannot be expected that all tubes, even of the same type, will have 
the same internal capacity as the dummy tube chosen for neutralizing 
purposes. It is frequently found that an adjustment for neutralizing one 
tube is an improper adjustment for another tube. 

Calibrating.—Every broadcasting station operates upon a 
particular frequency, assigned to it by the Federal Radio 
Commission. Each channel is designated by the middle fre-
quency. 

With the aid of a graph, plotted to a few representative dial settings 
corresponding to known frequencies, it is possible to tune to any desired 
broadcasting station within the pick up distance of the radio, when the 
frequency at which that station broadcasts is known. 
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To make a dial calibration graph, tune to at least five or six 
stations at settings throughout the complete range of the tun-
ing dial. 

While receiving each station, listen for the announcer's statement of 
the frequency that his station is using. Then record this frequency and 
the corresponding dial setting. With this data plot a curve and from the 
curve the dial settings for a desired station may be obtained. 

Having a particular radio calibrated in the manner described above, it 
is a simple matter to chart the harmonics of the testing set. 

Once the frequencies of the modulated radiator harmonics are known, 
the testing set may be used instead of broadcasting stations for plotting 
other dial calibration graphs for other radios, or for checking the accuracy 
of the calibration of radios the dials of which are already calibrated in 
kilocycles, wave-lengths, or both. 

Final Check Up.—As a final check up on each completed 
service job, it is recommended that the modulated radiator be 
set up and each of its harmonics tuned in. 

The radio man should soon acquaint himself with the relative strength 
of these signals, and the audible pick up response of the average radio to 
these signals. Dial calibration, as described above, affords an excellent 
final check up on the operating characteristics of a radio. 

Sources of Radio Trouble.—The following trouble list will 
afford a quick reference guide for the service man during the 
process of servicing. The source of the trouble may frequently 
be found by reference to the list. 

When 

All tubes fail to light 

A battery discharged; 

Open rheostat; 

Poor battery. connection; 

Broken lead in battery cable; 
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Poor switch; 

Burned out tubes; 

Open primary of power transformer (a.c. set); 

Open in a.c. lead cord; 

Fuse blown. 

Part of tubes fail to light 

Open rheostat; 

Dead tube; 

Open in power secondary; 

Poor socket contact. 

No reception (set dead) 

B supply dead or defective; 

May be B batteries down, open in power secondary, defective rectifier 
tube, shorted power supply condenser, open choke in power unit, defective 
resistor in power unit, open in plate cable lead; 

A battery connections reversed; 

Open primary of radio frequency transformer; 

Open primary of audio frequency transformer; 

Shorted grid condenser; 

Open or shorted speaker cord; 

Shorted by pass condenser; 

Defective tube; 

Open or shorted speaker choke; 

Open circuit in wiring; 

Short circuit in wiring; 

Tube prongs not making contact in socket; 

Grid resistors open; 

Short between aerial and ground leads; 

Shorted lightning arrester. 
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Weak reception 

Defective tube 

A or B voltages low 

Corroded battery connections 

Partially shorted audio trans-
former 

Partially shorted radio frequency 
transformer 

Open radio frequency transformer 
secondary 

Leaky audio transformer 

Set out of synchronization 

Poor grid resistors 

Partially shorted power trans-
former primary 

Noisy 

A.c. plug loose 

Swinging antenna, grounding 

Poor lightning arrester 

Defective ground connection 

Defective by pass condenser 

Defective tube 

Variable condenser shorted 

Variable condenser dirty 

Defective grid leak 

Defective resistors 

Loose connection in wiring 

Partially shorted power transformer 
secondary 

Poor rectifier 

Poor lightning arrester 

Incorrect eliminator resistor values 

Poor aerial insulation 

Poor ground 

Poor socket contacts 

Defective grid condenser 

High resistance wiring connection 

Speaker weak 

Speaker out of adjustment 

Loose contacts in socket 

Defective filter condensers, punctured 

Defective audio transformer, grounded 

Defective eliminator resistors 

Grid resistor open 

Poor battery connections 

Defective B batteries 

Speaker cord shorted, partially 

Speaker cord tips loose 

Speaker unit defective 

Dirty switch contacts 

Volume control worn 
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Distortion 

Defective A or B power supply or 
overloaded 

Speaker out of adjustment 

Poor tube 

Incorrect type of tubes 

Incorrect battery voltages 

C battery disconnected 

Incorrect C voltage 

Set out of synchronization 

Open biasing resistor 

Hums or continuous whistle 

Defective tube 

Speaker too close to set 

Defective power supply 

Open grid circuit 

Low detector voltage 

Grounded audio transformer 

Open antenna choke 

Partially open power transformer 
secondary 

Open filament balancing resistances 

Shorted filter choke 

Open primary circuit 

A.c. plug in wrong position 

Intermittent reception 

Poor tube 

Loose connections 

Poor lightning arrester 

Shorted biasing resistor 

Po6r rectifier tube or elements 

High regeneration 

Reaction between radio and audio 
frequency elements 

Inter-action between transformers 

Acoustic coupling between speaker and 
set 

Poor by pass condensers 

Reactive coupling in power leads 

Cooked winding of power transformer 

Ground binding posts not making good 
ground contact 

Grounded choke 

Grounded speaker jack 

Grounded resistors 

Open grid circuits 

Open or shorted or grounded by pass 
condensers 

Open resistor 

Open leads in cable 

Shorts in wiring 

Reaction between wiring 

Defective grid leak 

Open in grid circuit resistors 

Corroded connections 
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Poor aerial insulation Weak A battery 

Poor grounds Defective rectifier tube or elements 

Swinging ground or aerial Open biasing resistor 

Overheating 

Shorted power transformer primary Shorted power secondary circuit 

Continued oscillation 

Defective tube Open grid circuit 

Poor ground connection Antenna lead too close to set 

Grid resistor shorted Reaction or poor shielding 

Excess radio frequency plate Poor radio frequency by pass con-
voltage densers 

Power Pack Tests—Type Variations.—In making tests on 
power packs, it should be remembered that there are slight 
variations in circuital arrangements of power packs, and that the 
manufacturer's diagrams, if avaliable, should be studied for 
any device under test. 

Most power packs employ tapped voltage divider resistances which carry 
waste or "bleeder" current for improved voltage regulation, while with 
some there is no continuity from the positive to the negative side of the 
filter through the divider network. 

In the latter types, the whole output of the filter system generally passes 
through a series of plate circuit resistances, and through the tubes and 
biasing resistors employed in the radio, detector, and audio systems. 

Power Pack Troubles.—Any defect in a power pack will 
generally be reflected in the plate voltage and current readings 
obtained by analysis of the tube sockets of the radio supplied 
by the power pack, and such an analysis should precede any 
power plant tests. 
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It follows that normal load voltages applied to the various tube sockets 
of the radio should generally indicate normal power pack conditions. 
There are possible exceptions, however, as in the case where a few shorted 
windings in the power transformer may cause excessive heating of the 
transformer without negligible variations in the output voltages of well 
regulated power packs. 

Transformer Defects.—The operation of the modern type 
of radio is usually controlled by an on off switch which opens 
or closes the power transformer primary. Obviously, an open 
primary circuit of a power transformer would result in no 
voltages in the secondary circuits of the power transformer. 

Shorted turns in any of the transformer windings would cause excessive 
heating of the transformer, with lowered voltages across the secondary 
circuit in which windings are shorted. In the case of the center tapped 
full wave rectifier plate secondary, shorted windings on either side of the 
center tap will result in an unbalanced condition, the voltage applied to 
one plate being lower than that applied to the other plate. An open in 
the center tap lead would result in no voltages applied to the filter system. 

Filter Defects.—Some radios employing dynamic speakers 
utilize the field windings of the speaker às a part or all of the 
choke in the filter circuits of the power pack. An open choke 
will result in no output voltages. 

A similar result will be obtained when the other side of the filter is open. 
Shorted windings within the choke may cause excessive output voltages 
with hum. Filter condenser leakages reduce the output voltages, a shorted 
condenser across the filter system resulting in no output voltages, and an 
analysis from the rectifier tube socket would reveal excessive rectifier 
plate current. 

An open filter condenser would probably introduce hum in 
the loud speaker output. 

Some power packs include by pass condensers between the grounded 
or negative side of the filter and each plate voltage tap. A leaky or shorted 
by pass condenser would reduce the voltage available between the corre-
sponding tap and the common negative side of the filter and voltage di-
vider system. 
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Voltage Divider Defects.—Some power packs are designed 
so that the bleeder or waste current through the voltage divider 
exceeds the load current of the radio to be supplied with the 
power pack. The most common voltage divider defects are 
open circuits. 

An open divider results in no plate voltages on tubes supplied with a 
lower or intermediate plate voltage, with excessive plate voltage on the 
power or other tubes supplied with the higher plate voltages. A shorted 
plate circuit by pass condenser would result in a shorted section of the 
voltage divider system. 

Grid Biases.—In some radios, the grid biasing resistors are 
included in the power pack. An open grid bias resistor has the 
effect of opening the plate circuit of the tubes biased with the 
resistor. A short circuited or leaking by pass condenser loses 
its by passing qualities, and if connected across a biasing re-
sistor, the effective resistance of the bias is lowered, resulting 
in excessive plate current in the tubes depending on the re-
sistor for grid bias. 

Diagnometer Tests.—The plate current of rectifier tubes 
may be measured in the same manner as employed for other 
tubes. However, when analyzing from thermionic full wave 
rectifier tube sockets, the current of only one plate can be 
determined. 

With a normal tube and properly functioning power pack, the total 
rectifier plate current would be double the value obtained. The 750 volt 
scale of the a.c. volt meter is helpful in making tests of the a.c. voltages 
applied to rectifier plates, and for determining unbalanced plate secondaries. 
Such tests should be made from plate to plate in full wave rectifier sockets, 
and from each plate to the rectifier filament, the chassis, or radio cathode 
circuits. The a.c. plate voltages should be the same for each plate of full 
wave rectifier tube sockets, and each voltage should be about half that 
indicated from plate to plate. 
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The high voltages encountered in power packs necessitates caution in 
such tests so as to prevent bodily harm. In any test the isolation of 
defects is facilitated if the manufacturer's service data be available. 

TEST QUESTIONS 

1. What kind of an outfit should a service man be pro-
vided with to properly test radio sets? 

2. What is the first step in servicing? 
3. What equipment is used with testing sets? 

4. Describe the method of putting the testing set with its 
various attachments into operation. 

5. Describe methods used in testing tubes. 

6. How are tube socket circuits tested? 
7. Explain the method of screen grid tube socket an-

alysis. 
8. What is the object of making no load and load voltage 

tests? 
9. Describe filament circuit analysis. 

10. What does failure to obtain any filament reading 
indicate? 

11. How are plate voltage readings taken? 
12. Explain fully the method of plate circuit analysis. 

13. Explain grid circuit analysis. 
14. How is the correct voltage reading on the bias ob-

tained in radios employing biasing resistors? 

15. What kind of voltage reading is obtained when ana-
lyzing from the detector socket and why? 
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16. Describe the cathode circuit analysis. 

17. How is a defective cathode bias indicated? 

18. Explain the method of screen grid analysis. 

19. How is overhead heater filament analysis made? 

20. Describe distortion test. 

21. How should lightning arresters be checked? 

22. How should the output circuit be tested? 

• 23. Describe synchronizing procedure. 

24. Describe neutralizing procedure. 

25. How is a dial calibration chart made? 

26. Name the multiplicity of sources of radio trouble. 
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CHAPTER 184 

Radio Compass 
The radio compass, invented by F. S. Kolster, is a device 

with which bearings can be taken in dense fog, snow storms 
and over distances greatly beyond the horizon with an accu-
racy equal to that obtained with visible sights, thus eliminating 
one of the greatest hazards to navigation. • 
Although light vessels and light houses are maintained along 

the coast and harbor entrances the world over, they fail to 
serve their purpose adequately during fog or thick weather. 

Light waves do not penetrate fog to any practical distance and sound 
waves, due to echo effects, are unreliable and cannot be depended upon to 
indicate either direction or distance. On the other hand electro-magnetic 
or so-called radio waves, do penetrate fog and can be used through the 
medium of the radio compass to indicate both direction and distance. 

The modern method of obtaining radio compass bearings on 
shipboard requires the installation of radio beacons on light 
vessels and light houses in the vicinity of harbor entrances and 
other places dangerous to navigation, the exact locations of 
which are clearly shown on all sailing charts. 

The radio beacon sends out characteristic radio signals by which the 
operator of the radio compass may take bearings. Such beacons are under 
the supervision of the U. S. Bureau of Lighthouses, the sole purpose of 
which is to maintain aids to navigation. 

The navigator of a vessel equipped with a radio compass can take bear-
ings as often as is desired without requesting the cooperation of anyone and 
without the knowledge of any second party either on board ship or on shore. 
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FIG. 7,409 and 7,410.—Kolster radio compass installation. 
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Since each vessel is equipped with its own radio compass any number of 
vessels can take simultaneous bearings. 

The compass is direct reading thus eliminating the possibility 
of error in applying correction. 

It is possible for vessels equipped with radio compasses and radio trans-
mitters to safely pass in fog by taking bearings on each other. 

A vessel equipped with a radio compass may obtain a leading bearing to 
another vessel calling for assistance and thereby proceed immediately and 
directly to the scene of the disaster in either fog or clear weather. 

A typical radio compass installation is shown in figs. 7,409 
and 7,410. 

Radio Compass Construction.—A suitable loop frame is 
wound with several turns of special radio frequency cable to 
form a coil. The frame is mounted edgewise upon a vertical 
hollow shaft which is in turn supported by a ball thrust bearing 
for ease in turning. 

The coil is enclosed within a circular housing in a manner such that it is 
free to rotate even under the most severe conditions of the wind and sea. 
This is of value in northern latitudes, where, during the winter months, the 
ship's superstructure is generally covered with ice. The housing also pro-
tects the coil from mechanical damage. 
The coil and housing with its stem are mounted on the upper deck, the 

base of the loop housing projecting approximately six inches above the sur-
rounding hand rail. The assembly is rigidly supported by four braces 
which may be supplied in various lengths to suit the installation. 

The shaft on which the coil is supported extends through a suitable hous-
ing to the room in which the compass is located. The leads from the coil 
pass through the tubular shaft to a set of collector rings. From the col-
lector rings the leads pass through a conduit to the compass receiver which 
is located in the upper part of the compass binnacle. 

At the lower end of the shaft there is attached a pair of sight wires which 
travel over a compass card or azimuth circle by means of which the angle 
between the station upon which the bearing is taken and magnetic North, 
true North, or the ship's direction (depending on the type of installation) 
can be read directly. 
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The sight wires are not rigidly fastened to the shaft but are connected 
thereto through a simple mechanical device which automatically corrects 
for variations in the direction of the incoming radio waves caused by the 
influence of the ship's hull and rigging. This device is called the Automatic 
Compensator. 

Operation.—When the coil is rotated by means of a hand 
wheel, the characteristic signal from the beacon station will be 
heard in the telephones with a gradual varying degree of loud-
ness until the plane of the coil is at right angles to the direc-
tion of the incoming waves, at which point the signal fades out 
entirely. 

This position of silence is very critical and sharp and there-
fore indicates with great accuracy the line of direction of the 
waves. By means of cross bearings on two or more stations 
or by several bearings on a single station with the distances 
logged between bearings, the position of the ship can be deter-
mined by simple triangulation with an accuracy equal to sight 
bearings on visible fixed objects. 

In obtaining a compass bearing it is essential to eliminate 
the so called antenna effect of the compass coil. This is accom-
plished by a simple adjustment on the receiver panel. 

Although two bearings 180 degrees apart can be obtained, they do not 
indicate more than the waves' line of travel and before accurate bearings 
may be taken it will be required to know the true direction from which the 
waves are approaching. 

To obtain the true direction it is necessary to unbalance the 
compass coil by exaggerating the antenna effect. 

This is done by connecting a small antenna, usually not greater than 
twenty-five feet long, to the receiver through a suitable spring switch, also 
located on the receiver panel. Normally this uni-directional switch remains 
open when taking a bearing but when the true direction is desired the oper-
ator closes the switch by a slight pressure of the finger and turns the com-
pass coil to the position of maximum signal strength, at which point the 
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plane of the loop lies in the direction of the signaling station and points 
toward it as indicated by an index pointer provided for the purpose. 

In the construction of the compass one end of the sight wire frame is 
painted white, further identified by a recessed star, painted grey and 
referred to as the star end. This end should always be turned toward the 
beacon on which bearings are to be taken. 

Visual Indicator.—The method of obtaining a bearing by 
means of visual indicator consists in observing the change in bril-
liancy in the glow of a gaseous conductor lamp. 

' 
AUTOMATIC 
COMPENSATOR 

VISUAL SIGNAL— e-

LIGI-IT 
SIGNAL 
FROM 
RADIO 
ROOM 

FIG. 7,411.—Kolster dumb compass and compensator. 

It will be found that the lamp will cease to glow between two readings of 
the sight wires, the mean of which will be the true bearing. The width of 
the compass sector over which the sector is dark will depend on the strength 
of the transmitting station and the distance from the station to the ship 
taking the bearing. A reading accurate to within two degrees can usually 
be obtained over a distance of 25 miles. 
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7,412.—Kolster radio compass with receiver open. In construction a suitable coil is 
formed by winding several turns of a single piece of special high frequency cable in grooves 
on the periphery of a cylindrical shaped bakelite frame, the ends terminating at a receiver, by 
means of suitable coilector rings, located directly under the coil pedestal. The shaft on which 
the coil is mounted. is connected to a hand wheel for rotating the compas3 coil while taking 
bearings. Directly under the hand wheel is a short pedestal to which a flat circular 360° 
scale is secured. This scale rotates with the compass coil under a fixed pointer in the form 
of a glass window with an engraved sight line. The glass window is provided with a low can-
dle power lamp for illuminating the scale under the sight line for use at night. Bearings are 
read directly from this scale. The zero degree mark must be kept turned toward the beacon 
on which bearings are taken. For convenience, so as to facilitate locating its position without 
reference to the engraved figures on the scale, the zero side of the coil is identified by a large 
white arrow painted on the upper casting of the coil support. In operation, as the coil is 
rotated, the characteristic signal from the beacon station will be heard in the telephones with 
a gradual varying degree of loudness, until the plane of the coil is at right angles to the direc-
tion of the incoming wave, at which point the signal fades out entirely. This position of 
silence is very critical and sharp and, therefore, indicates with great accuracy the line of direc-
tion of the wireless waves. The hearing is then read directly from the calibrated scale on the 
degree mark which registers with the sight line engraved on the glass window. The manner of 
taking bearings with this type of radio compass is precisely the same as obtaining sights with 
the pelorus on visible fixed objects. In both cases the bearings obtained are with respect to 
the ship's head. By reference to the vessel's magnetic or gyro-compass, as the case may be. 
the position may be plotted by simple triangulation. 
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The visual indicator possesses several advantages not possible 
with the audible system of taking bearings. 

As an example; it is possible to orientate the radio compass coil such that 
a signal transmitted from either a land beacon or a mobile radio beacon 
installed on another ship will cause the lamp to light up as soon as the vessel 
comes into a dangerous position. By this means the navigator on the bridge 
does not have to keep continuous watch on the radio compass but may walk 
around the bridge, occasionally glancing at the lamp which is always visible 
when glowing. As soon as the navigator is aware of approaching danger, 
he can then take a compass bearing, determine the exact position of his ship 
and act accordingly. 

Receiver.—The radio compass receiver is located directly 
beneath the compass as shown in fig. 7,412 and utilizes a circuit 
specially designed to give maximum sensitivity and selectivity. 

The receiver contains seven tubes, large type, so operated that they are 
equivalent to four stages of radio frequency amplification, a detector and 
two stages of special design audio frequency amplification. The receiver is 
designed to operate over a wave length range of from approximately 550 
to 1,050 meters. 

Tuning is accomplished by a one dial wave selector. The 
dial having an engraved scale in degrees and lettered to desig-
pate the position of three major wave length zones, namely, 
Radio Beacon (1,000 meters), Navy Compass Stations (800 
meters) and Ship Stations (600 meters). 

A low candle power lamp is located in the receiver cabinet directly behind 
the above scale which serves the purpose of indirect lighting, giving a sub-
dued illumination of the dial for night use. The azimuth circle and dumb 
compass, when supplied is similarly illuminated. The Kolster radio com-
pass can be operated as satisfactorily in a darkened chart or wheel house as 
during the day. 

Should the receiver in the radio room become irreparably 
damaged, communication could be carried on by using the 
compass receiver. Its normal receiving range is 250 miles for 
day and 1,500 miles at night. 
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The A and B batteries for the tube filaments and plates respectively are 
located beneath the receiver at the bottom of the binnacle. The A battery 
consists of an Edison storage battery which is designed for reliability and 
long service. A double pole double throw snap switch is located within the 
telephone compartment directly beneath the receiver by means of which the 
battery may be connected either to the receiver or to the ship's mains for 
charging. A charging resistor to limit the amount of current is mounted in 
some suitable location in series with the ship's supply. 

The battery when kept fully charged, has a useful life of approximately 
eighteen hours continuous service. This reserve is valuable in case the ves-
sel become totally disabled, as the compass could still be operated for a 
period governed only by the condition of its battery. 

The antenna switch and signal light shown in fig. 7,409 are 
for the purpose of assuring that the ship's main antenna switch 
is open when bearings are taken. 

This antenna switch is normally located in the ship's radio room under 
control of the radio operator. Red lights on the base of the switch and on 
the radio compass binnacle indicate that the antenna switch is open. If 
the light on the binnacle is not lit when it is desired to operate the compass, 
the navigator communicates with the radio personnel and requests that the 
antenna switch be opened before taking bearings. 

TEST QUESTIONS 

1. Who invented the radio compass? 
2. How does a radio compass work? 
3. Is a radio compass direct reading? 
4. Describe the construction of a radio compass. 
5. Explain in full detail the operation of a radio compass. 
6. What is the visual indicator? 
7. Explain the method of obtaining a bearing by means 

of the visual indicator. 
8. Describe the construction of the radio compass re-

ceiver. 
9. How is tuning accomplished? 
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CHAPTER 205 

Television 
By definition, television is vision obtained of a distant object 

through a telegraphoscope or instrument involving the use of selen-
ium cells for telegraphically transmitting a picture. 

The problem of television broadly is that of: 

1. Converting light signals into electrical signals. 

2. Transmitting the electrical signals to a distant station. 

3. Converting the transmitted electrical signals back into 
light signals. 

Given means for accomplishing these three essential tasks, the problem 
becomes that of developing these means to the requisite degree of sensitive-
ness, speed, efficiency, and accuracy, in order to recreate a changing scene 
at a distant point, without appreciable lapse of time, in a form satisfactory 
to the eye. 

A convenient starting point for the discussion of television 
is the human eye itself. 

In this an image is formed upon the retina, a sensitive screen, consisting 
of a multitude of individual light sensitive elements. Each of these elements 
is the termination of a nerve fibre which goes directly to the brain, the entire 
group of many million fibres constituting the optic nerve. 

A theoretically possible television system could be made by 
copying the eye. 
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Thus a large number of photo-sensitive elements could be connected each 
with an individual transmission channel leading to a distant point, and sig-
nals could be sent simultaneously from each of the sensitive elements to be 
simultaneously used for the re-creation of the image at the distant point. 
The number of wires or other communication channels demanded in a tele-
vision system of this sort would be impractically large. 

For practical purposes, reduction of the number of transmission channels 
is made possible by the fact that, while in vision all parts of the image on the 

• 

7,961.—Dr. E. F. W. Alexanderson, engineer in charge of the radio consulting department 
of the General Electric Company, with his television apparatus which projects the picture on 
the theatre screen. 

retina are simultaneously and continuously acting to send nerve impulses, 
the inertia of the visual system is such that a sensation of continuity is 
obtained from discontinuous signals, provided these succeed each other 
rapidly enough. 

This sensation of continuity is due to what is called the persistence of 
vision. It is immaterial to the eye whether the whole view be presented 
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simultaneously or whether its various elements be viewed in succession, pro-
vided the entire image be traversed in a sufficiently brief interval. This 
accordingly permits as a basic principle of television, what is known as 
scanning. 

In television scanning is defined as running over the elements 
of the image in sequence, instead of endeavoring to transmit all 
of the elementary signals simultaneously. 

7,962.—The 6 by 7 foot screen upon which television pictures are projected, in a Schenec-
tady theatre. When in use curtains are dropped about the sides and top of this special screen. 

The development of a television system therefore necessi-
tates, at an early stage, the design of some scanning system 
by which the image to be transmitted may be broken up into se-
quences of signals. 

In the simplest case, where one transmission channel is to be used, the 
whole image will be resolved into a single series of signals. 
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Scanning is accomplished by means of a scanning device 
which makes possible the decomposing of an image into a large 
number of small images for the purpose of transmission. 

There are two methods of scanning known as: 

1. Beam; 

2. Direct. 

In the original television system, the subject was scanned by a beam of 
light and the reflected light was employed to actuate the photo-electric 
cells. The reflected light after being picked up by a bank of large photo-
electric cells was converted into variations of electric current. Sufficiently 
amplified, this current controlled the brightness of a Neon lamp at the 
receiving station. 

The Neon lamp when scanned by a moving aperture in synchronism with 
the initial beam of light appeared to the observer to re-create the original 
object. This method had the decided advantage that artificial light could 
be used at an intensity which would be decidedly uncomfortable for the 
subject were his whole face illuminated at once. 

With the development of photo-electric cells of greater sensitivity, it 
became possible to illumine the subject broadly by daylight, and allow the 
photo-electric cell to behold only one small area of the picture at a time. 
This method is called direct scanning. 

The direct scanning system requires the broad illumination typical of 
outdoor scenes. It lends itself to action at a distance from the lens. 

Home built apparatus may be constructed which will bring 
in pictures, if it be properly tuned to and synchronized with 
a transmitting station which happens to be broadcasting pic-
tures. The system which shows promise for the home con-
struction is that known as the scanning disc. 

In construction a number of holes are drilled near the outer surface of a 
scanning disc in a spiral. The number of holes in the disc determines the 
number of vertical or transverse divisions in the picture. To secure the best 
clarity or definition with a given number of small images, or dots, the width 
of each dot should equal its height. This makes it advisable to have a 
square image. 
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Since the number of holes in the disc determines the number of dots in one 
direction, and since the picture is to be square, it follows that the total 
number of dots is equal to the square of the number of disc holes. If, for 
example, the disc have 48 holes, then the image will be decomposed into 
48 X48, or 2,304 dots at the transmitting end. 

The receiving process recomposes these 2,304 dots of different intensity 
into an image. These must be reassembled or composed in the same order 
and at the same speed that obtained at the transmitting end. 

7,963.—Section through eye ball. The parts are: Cj, conjunctiva; co, cornea; Sc, scle-
rotic coat; ch, choroid coat; pc, ciliary processes; mc. ciliary muscle; O. optic nerve; R, 
retina; I, iris; aq, anterior chamber containing aqueous humor; L, lens; V. vitreous humor; 
Z, zonule of Zinn, which supports the lens; p, space known as the canal of Petit; m. position 
of the macula, or yellow spot. 

9 8 7 6 5 4 3 2 1 
7,964.—Diagrammatic section of the retina, showing its various layers, which are num-

bered as in the illustration. The first layer consists of nerve fibres, the ninth is the layer 
of rods and cones. The tenth layer, of pigment cells beyond the rods and cones, is not 
shown. 
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Peristence of Vision means that the electro-chemical process 
taking place in the nerves and the brain, as a result of a stimulus 
on the retina, persists for a brief lime after the stimulus has been 
removed. 

Persistence lasts for about one tenth of a second; so if a 
series of stimuli be applied to the eye at that interval the result 
will be, not a broken, but a continuous reaction. It is this 

7,965.—Television principles 1. Several light sources illuminate the subject; a lens forms 
an image which is scanned by a spiral of apertures, through which the light falls on a single 
photo-electric cell. 

defect in vision that makes possible motion pictures and tele-
vision, since the illusion of motion is produced by sending a 
series of pictures, each of which is a still, at the rate of ten or 
more a second. 

The operation and advantages of the scanning method actu-
ally used in the present process for transmitting television 
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images may be better understood by first considering a simple 
and analogous method illustrated in fig. 7,965. 

The subject is illuminated by lights placed in front of it as shown. A lens 
forms an image of the subject on the rotating disc. This disc is pierced with 
a series of small holes or apertures arranged in the form of a spiral; and, as the 
disc rotates, the apertures trace across the image one after the other in a 
series of parallel lines. 

FIG. 7,966—Television principles 2. Light from a single source is projected as a small moving 
spot on the subject; the reflected light is received by several photo-electric cells. 

The frame limits the size of the image and prevents more than one aper-
ture being in the image at one time. 

Light, passing through an aperture as it travels across the image, falls in 
the light sensitive cell and generates a picture current proportional to the 
brightness of the image from point to point along steps taken one after the 
other across the image. 

In any system, such as that outlined above, which depends 
upon scanning an image of the view as formed by a lens, the 
efficiency of the system is ultimately limited, for any given 
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size of image that can be scanned, by the ratio of aperture to 
focal length of the best lens that can be secured. 

Experiments show that, with the best lens available to form a one inch 
square image, it would be necessary to illuminate a subject with a 16,000 
candle power arc at a distance of about four feet in order to secure an image 
bright enough for a photo-electric cell to give an output current above the 
noise level in an amplifier system. In other words, television would 
apparently be extremely inconvenient to the subject if it were to be carried 
out from an image formed by a lens. 

Fin. 7,967.—Television apparatus. Light from the arc lamp is condensed on the disc, which 
is driven by a high frequency synchronous motor. The disc carries a spiral of pin hole 
apertures. 

In the system actually used for television transmission, this apparent 
limitation has been evaded by reversing the entire optical system of fig. 
7,965, and arranging it as shown diagrammatically in fig. 7,966. Instead of 
scanning an image of the subject, the actual subject is scanned directly by a 
rapidly moving spot of light. 

An illustrative laboratory set up, fig. 7,967, shows the arrangement of 
parts in such a transmitting station. A fifteen inch disc rotating approx-
imately eighteen times per second carries a series of fifty small apertures 
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arranged in the form of a spiral. A beam of light is condensed by a lens 
from a 40 ampere Sperry arc to intensely illuminate a limited area in the 
path of the moving apertures; and a slender, intense beam of light passes 
through each aperture as it moves across the illuminated area. A frame in 
front of the disc permits light to emerge from only one aperture at a time 
and the lens in front of the disc focuses an image of this moving aperture on 
the subject. As a result of this arrangement the subject is completely 
scanned in a series of successive, parallel lines by a rapidly moving spot of 
light, once for each revolution of the disc; and on account of the transient 
nature of the illumination the subject is scarcely aware that he is being 
exposed to it. 

MICROPHONE PHOTO- ELECTRIC 
TUBE FRAME 

MICROPHONE 
AMPLIFIER 

900 WATT 
ARC LIGHT 
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(TELEVISION) 

TO VOICE TRANSMITTER 
7,968.—Television pick up apparatus. At the studio, feeding into transmitter. 
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As the spot of light traces across the subject, light is 
diffusely reflected or scattered from the subject in all direc-
tions, and some of the light that is reflected forward passes 
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into three large photo-electric cells placed just in front of the 
person who is being viewed. 

The current outputs from the three photo-electric cells operate in parallel 
into a common amplifier system. As the beam of light passes, for instance, 
across the person's eyebrow less light is reflected to the photo-electric cells, 
and as the beam passes across his forehead more light is reflected. Since the 
current output from the photo-electric cells is proportional to the received 
light, the current follows accurately the brightness of the various elemental 
areas of the subject's features as he is traced over by the scanning beam. 
The fluctuating current is uni-directional. 
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7,969.—Television apparatus showing arrangement of image and voice reception systems. 

-SCREEN 

The actual operation of such an optical system, its influence on the lighting 
effects and quality of the reproduced image, may best be understood by 
noting that optically the system is identically the same as if all of the rays 
of light were reversed in direction to give an optical system equivalent to 
fig. 7,965. 

The television apparatus sees the subject exactly as if rays 
of light came out of the photo-electric cells to illuminate the 
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subject; the lens formed an image of the subject on the disc, 
and the apparatus scanned this image and reproduced it at the 
receiving end. 

The lights and shadows seen in the image are the same as if the subject 
were illuminated by three large lights in the positions of the photo-electric 
cells and looked at from the position of the lens. 

It also follows from the considerations that, within its range of resolving 
power, this scanning method will not only reproduce a plane subject, such 
as a drawing, but it will also faithfully reproduce three dimensional figures 
with sharp edges and elevations and depressions, just as well as they could 
be reproduced in a photograph. 
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FIG. 7,970.—Elementary television diagram showing details of the Karolus system; the water 
cell removes heat rays; the Nicoll polarizing prism at the right polarizes the light; the light 
valve (Kerr cell) then rotates the ray, to a degree which determines the amount to be cut off 
by the polarizing prism at the left; and the light spot is then caused to move over the screen. 
reproducing the image. 

In addition, because the light passes in an approximately parallel beam 
through a disc aperture, the slender beams of light sweeping across the 
region in front of the transmitter just barely overlap each other even at a 
considerable distance from the apparatus. Consequently, it is not necessary 
that the subject be at the exact positions at which the small apertures are 
sharply focused; and within wide limits no confusion results as the subject 
moves toward or away from the apparatus. The brightness as well as the 
size of the received image decreases as the subject moves away from the 
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photo-electric cells; and for good transmission of the human features, which 
reflect very little blue light to which the photo-electric cells are sensitive, a 
person should not be more than a few feet away from the cells. 

At the studio, the person to be televisioned stands before a 
bank of photo-electric cells as in fig. 7,968, while a large lamp 
casts a ray of light, which is directed by the scanning disc, 
over the features of the subject. 

GREEN 
FILTER 

ARGON 
TUBES LENS LENS 

EMI- TRANSPARENT 
MIRROR 

BLUE FILTER 

RED FILTER NEON 
TUBE 

'CANNINC,. DISC 

7,971.—Arrangement of lamps...color filters and mirrors at receiving end. in rnonochrone- _ 
televation-work. 

The reflectivity of the area covered by this spot, about AI in. in diameter, 
at any time governs the strength of the impulse being instantaneously sent 
out from the transmitter. The reception arrangement, which requires two 
distinct channels, is shown in fig. 7,969. The television signal on 140 meters 
is picked up, amplified and conducted to the projector, at the left of the 
figure. 

Television in Colors.—The method here described is the 
beam scanning method. In this method the positions of light 
source, image forming lens, and sensitive surface, in photography, 
are reversed. The lens projects a narrow moving beam of light 
and the light reflected from the object is picked up by photo-
electric cells which occupy the positions which in photography 
would be taken by the light sources. 
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In more detail, the essential feature of the beam scanning method of 
three-color television consists in the use of three sets of photo-electric cells, 
one set with its accompanying filters recording the red constituent, the sec-
ond the green and the third the blue constituent of the image. The light 
source and the scanning disc are in no way altered from the form as used in 
monochrome television. The three sets of cells are each connected to a sep-
arate communication channel, and the television signals going over these 
three channels correspond to the three colors. 

SLOT FOR DIFFUSING GLASS 

7,972.—Arrangement of photo-electric cells for three color television. 

At the receiving end a number of possibilities are open; one of these is the 
projection of three colored beams of light on to the same spot on a screen, 
which would correspond to a three-color lantern projector; a second possi-
bility is the use of a triple grid vacuum tube similar to the large grid which 
has been used previously for exhibiting television images to an audience, 
except that three juxtaposed sets of tubes would be used with three dis-
tributers. A third possibility, which is the one used in this work, is to super-
pose the light from three different colored television glow lamps by means of 
semi-transparent mirrors. This is comparable to the additive superposition 
in three-color photography exemplified in the chromoscope. 
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TEST QUESTIONS 

1. What is television? 
2. How is television accomplished? 
3. Explain the physics of the human eye. 
4. What is understood by persistence of vision? 
5. Define scanning. 

6. Name two methods of scanning and describe each. 
7. Can home built apparatus be constructed that will 

bring in pictures? 
8. Describe in full, persistence of vision. 
9. Draw diagrams illustrating basic principles of tele-

vision. 
10. Describe television apparatus. 
11. Draw a diagram illustrating the Karolus system. 
12. Describe method of television in colors. 
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"READ ALL AROUND THE CLOCK" 

Here are the answers to your questions, giving 
you the real dope that every Electrician must 
know."Audels New Electric Library" supplies 
the great need for new, practical, concise infor-
mation that is easily and quickly grasped. 

Not too technical but comprehensive and easily 
understood, giving the reader a thorough mastery 
of this mighty force. Every electrical worker can 
easily advance his knowledge by spare time study 
of this library-15 to 30 minutes a day will in-
crease your knowledge. 



YOU are interested in your own 
success and really want to get to the 
top in your line of work—if you 
want to improve the position you 
have and increase your earning 
power—if you want the expert in-

formation and knowledge of the master minds of 
electrical industry at hand at all times, we strong-
ly recommend that you read carefully all that is 
written herein; it may prove to be just what you 
are looking for. 

AUDELS NEW ELECTRIC LIBRARY is a 
complete work in 12 handsome volumes, printed 
on thin paper and bound in red artcraft flexible 
binding, with gold leaf edges; they are only 6% 

in. high by 5 in. wide and 

about 3/4 in. thick; they 

slip easily into the pocket. 

Written in plain lan-

guage and simple terms; 

the illustrations are as 

plain as the language. 

Those who already have 

the "New Electrics" can-

'30 

not praise them 
too highly— 
both for their 
contents and 
their appear-
ance. 



We take pleasure in announcing: 

"AUDELS NEW ELECTRIC LIBRARY" 

New and More Uses for Elec-
tricity offer great opportunities 
to men who can handle this 
power correctly and accurately. 
Modern electrification of indus-
try calls for trained men who 
know how to handle electricity. 
Simple as A B C. —"Audels 

New Electric Library" gives lat-
est, exact information from foun-
dations of electrical practice to 
latest modern applications. This 
is a NEW practical and theoret-
ical course in electricity for 
home study and ready reference. 

Volume I—Fundamental Principles and Rules of Ap-
plied Electricity, Magnetism, Armature Winding, Voltage 
Changes and Repairs, 480 pages, 700 illustrations. A home 
study course of the rules, laws and principles of electricity 
and magnetism; a real test book for students. Simple as 
A B C, very comprehensive and very plain. (Price $1.50.) 

II 
Volume II—D. C. Generators and D. C. Motors, Con-

struction, Installation, Maintenance and Trouble Shoot-
ing, 418 pages, 573 illustrations. A real trouble shooter 
and educator for those who design, build or operate D. C. 
electric machinery. (Price $1.50.) 

Volume III—Electrical Testing Instruments and Tests, 
Storage Battery Construction and Repairs, 474 pages, 630 
illustrations. A Meterman's Helper, describing in plain 
language the various meters, electrical testing and measur-
ing instruments and methods in use and a 'complete edu-
cator on storage battery work. (Price $1.50.) 

The opportunities in Electricity are good. Any man 
wherever Electricity is used can be helped by Audela 
Home Study Course. 



IV 
Volume IV—Alternating Current, Principles and Dia-

grams, Alternators, Transformers, Power Factor, 483 pages, 

789 illustrations. Original and easily understood methods 
of knowing alternating current principles and formulas. 

This difficult part of electricity now made simple as A B C. 
(Price $130.) 

V 
Volume V—A. C. Motors, Windings, Reconnecting, 

Maintenance, Converters, Switches, Fuses, Circuit Break-
ers, 497 pages, 1498 illustrations. A. C. Motors, ALL 
TYPES, including their theory and design, construction, 
operation and maintenance, presented in a forceful and 
simple manner, so that all may understand. (Price $130.) 

VI 
Volume VI—Relays, Condensers, Regulators, Recti-

fiers, Meters, Switchboards, Power Station Practice, 547 
pages, 688 illustrations. This A. C. illustrated book is di-
vided into logically progressive and instructive sections, 
dearly outlining and giving real "dope" together with 
many side lights of information on these subjects. (Price 
$130.) 

VII 
Volume VH—Wiring Diagrams, Tables, Calculations, 

Plan Reading, House Wiring, Power Circuits, High Ten-
sion, Transmission, Underground Work, Cable Splicing, 
Underwriter's Code, 729 pages, 1218 illustrations and dia-
grams. Wiring information according to the Underwriter's 
Code together with over 1000 instructive illustrated helps 
and hints that will save trouble, money and time. A com-
plete instructor and adviser for Wiremen and Linemen 
that can be carted in the tool kit—wiring tables and calcu-
lations for ready reference. (Price $1.50.) 

"Audels NEW Electric Library" is a gold mine of 
concise, reliable electrical knowledge. 



VIII 
Volume VIII—Electric Railways, Signals, Elevators, 

Hoists, Cranes, Gas Engines, Auto Ignition, Starting and 
Lighting, Aeronautics, Marine, 810 pages of text, 1000 
illustrations. Audels New Electric Library presents the 
latest technical information on these subjects. (Price 
$1.50.) 

Ix 
Volume IX—Covering Radio, Telephone, Telegraph, 

Motion Pictures, Talkies. (Price $1.50.) 

Volume X—Covering Electric Refrigeration, Bells, 
Signals, Lighting Illumination, Heating, X-Ray, Thera-
peutics, Plating, Soldering, Brazing, Welding, Pumps, 
Compressors, Domestic and Farm Appliances. This volume 
of Audels New Electric Library covers modern electrical 

appliances, inside practical data on their theory, tion construeand operation. (Price $1.50.) 

XI (IN WORK) 

Volume XI—Will contain an Outline and Review of 
Practical Applied Mathematics. Very fully illustrated with 
examples and tests for practice. An Electrical Calculator 
for Electricians Engineers, Machinists, Technicians, Me-
chanics and Students arranged for home study and ready 
reference. (Price $1.50.) 

XII (IN WORK) 
Volume XII—This Volume of Audels New Electric 

Library is to be Audels New Electric Dictionary and 
Cyclopedia of Applied Electricity, Words, Definitions, 
Terms and Phrases in Current Use. (Price $1.50.) 

Generously good printing and 
binding (Audel Standard). All in-
formation simplified — easy to 
understand. Clear and accurate 
illustrations and diagrams. 



LARGE TYPE. 
FINE PAPER. 
BEAUTIFUL 
BINDING. 
PROFUSELY 
ILLUSTRATED— 
PHOTOS, 
DIAGRAMS. 
VALUABLE 
TABLES. 

BOOK-A-MONTH STUDY PLAN 
The newest, easiest way to study. Only one book a 
month to read. Every subject made as simple and 
clear as A B C. Even poor students find it intensely 
interesting, are amazed at the ease of it and the 
speed with which they learn. What you start the 
Audel Way you can finish. 

COSTS 6c A DAY 
The money cost—the price of one mild cigar per diem—is nothing. 
The price in time is a few hours per week, spent as enjoyably as 
in reading fiction. 

PLUS NOT TOO MUCH SWEAT 
The cost in effort is something. No one ever got anywhere with-
out lifting a finger. But—we have been helping men to overcome 
the handicaps cf education for FIFTY YEARS. Let us help you! 



ORDER BLANK 
NA/V Check the plan you want 

TODAY; Fill in the Blanks—Tear 
Off on Dotted line—Mail 

Today!  

BUY ON YOUR OWN TERMS 
No electrical man can afford to pass up this opportunity. 
No risk in ordering, as this offer is backed by a fifty year 
record as educational book publishers. 

Date  
THEO. AUDEL & CO., 65 W. 23rd St., New York City  
You may ship me on plan marked (X) 

AUDELS NEW ELECTRIC LIBRARY 

Ej PLAN 1—ONE BOOK A MONTH 

Please enter my subscription to "Audels New Electric 
Library," price $1.50 a volume. Mail one volume each 
month and as they are received, I will mail you $1.50 
promptly. 

PLAN 2— PAY 50c OR MORE A WEEK 

Please ship me for one week's free trial "Audels New 
Electric Library," price $1.50 each. If satisfied, I will mail 
you 50e or more each week as payment. 

Name 

Address  

Occupation  

Employed by. 


