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FOREWORD

THIS BOOK, the author believes, will be of the
utmost service, not only to the student and radio-
electrician, but to anyone who wishes to be informed on
this important field of science.

Radio equipment cannot be serviced or maintained
by any predetermined set of rules or formulae, but it is
necessary rather to understand the principles of elec-
tricity, radio and sound.

The main object throughout has been to present as
briefly and clearly as possible a progressively arranged
treatise with special emphasis on the fundamentals of
radio, upon which all knowledge necessarily rests.

In view of the importance of radio in the field of air
and marine transportation, several chapters dealing
with marine and aircraft communications as well as the
principles of the automatic alarm and the radio compass
have been included.

It is hoped that the numerous illustrative exampl&s
which are introduced throughout the book, may in con-
junction with the data supplied, suggest proper treat-
ment of practical problems in design of radio apparatus.

EDWIN P. ANDERSON.
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Any one, and more especially the attentive student, can
with the least trouble avail himself of the subject matter contained
in this work by doing as indicated in the following old English
couplet quoted by Chas. Reade.

“For index-reading turns no student pale,
Yet takes the eel of science by the tail.”’
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Remote control system.........._.346-355
Reproducing system ... ... .. 418
Regeneration ... 78, 267
Regenerative receiver e 546

Resistance, capacitance in serles.. 167

arrangement ... ... .. 125
capacity chart .nn...coeeeee. 616
code 183
comblnations ... ............33, 35
coupling 262, 282
formulas 35. 872
formula appliication ................. -. 36
Inductance, capacity in series... 166
Inductance in series.................. 167
measurements ... . 137-144
parallel connection of........ 35
series connectlon of............ ... 33
unit 32, 877
voltage, watt chart........veeeee.... 184
Reslstors, calculations 155
el in use 719
code colors 182
for power SUpply.... v . 157
inductors and condensers........165-176
Resonance 7, 48
formulas 168

Resonance—contlnued
frequency ... 79, 168
frequency and wave-iength.... ... 175
frequency formulas ... 49, 555
Rheostat
R.M.A. code colors for resistors... 183
« television standards ................ 603 -

R.M.S. (root mean square)....... 293

S

Scale defiection ... 129, 142
Scanning 578-584
head 818
Scratch 413
filter 413
filter connection ... ...413, 712
Screen ﬂuorescence ......... . 688
grid, function of .....c.ooeceeee.. 79
Screens 836, 840
Secondary emisslon ... 79

of transformer ...
Selectivity, definition of._...__._.....

of tuned circults........__ ) 166
Selenium cell ...
Self-induction ...

185

definition of ...

176, 177
‘Sheil type transformers.............. - 194
Ship antenna
Short wave antennas.............
band spread coils.
chart time difference....
clrcult dlagrams ...
colls, assembly of........
coli calculations ... .
coll switching ...
communication ...
distance reception .
frequency spread ..............
frequency vs, wave-length...539-542
ground wave 546

hand-capacity ..o,
megacycle

plug in colls

recefvers-

receiver operation ..................535-554
reception 535
regenerative recelver .................. 546
seasonal changes, effect of....... 550
skipping 547, 550
sky wave 546
super-regenerative receiver........ 546
tickling coll ... , 546
time chart 551
tuning - 843




8hort wave antennas—continued
ultra high frequencles..........___. 535

wave propagation ... 547
wiring of 538
Shunts 131
Signal deslred ... ... 171
generators ............ ————.....6564, 662
Smoothing filters ... .. . 152
Sound 9
amplitude 14
baffie board ..oenn....... 10, 372
characteristics of ... - 13
cycles 18
generation of .....eveevieanen.. - 10
measurement of .................. 429
on film, circuit diagram........... 815
orchestra 18
osclilation 10
physics of 9.22
pitch, definition of......_.__ 14

pitch, ratio ......
quality of
reference level
refiection of

Spectrum
Speech

input equipment ...
Spot diameter ... ...

standard for radio recelvers.
Standard for radio receivers...849.868
Step-down transformers .............. 186
Stopping condenser 81
Straln Insulators ... 381
Substances, positive and negative 26
Supply systems A.C..... SR T |
Super-heterodyne ...........255, 298320

definition of e
Super-regenerative receiver ..
Supreme testing Instruments....

8S8ymbols

Tangent galvanometer ... 109
Telegraph transmitter, radlo._.. 484

Teiephone, broadcasting ... 215
radio 215
recelver 81

Televigion 561-606
antennas 595-508
anode 575

aspect ratlo

. |

i A S A A S S L S

Television—continued

beam deflection ... S—7 (]
broadcast antennas .. U ) |
cameras 570, 592
cathode 575
cathode ray tube construction... 574
coaxial cable .o, 599
defiection colls B — 7 & P (]
DuMont system .........._. .. 589

electro-magnetic field ..._........... ... 576
electron beam focusing..........__.. 576
electron gun ... 575
electronic vs, mechanlcal tele-
vision systems ................. .. 554
electro-static field .. O ¥ { -1

Fansworth's system ... __. . 591
iconoscope 571
image dissector camera....__.. 592
interlaced scanning ... .. 588
Kinescope 572
light control oo oo 566
light converslon e s—e— ) ] ]
mechanical transmission 8ys-
tems 565-567
mechanical vs. electronic sys-
tems 564
modulation of light spot____ ___ 584

mosalc screen ..............
photo-electric tubes

plcture size
recelver, parts necessary......

scanning linear ... SUSSCRON - - ]
scanning methods ... cererenee 578 -584
screens 570, 576

signai pickeup e ... 578

standards ...603-605
synchronlzing of signals........584.587
system, R.C.A, ... . ... .. 571
transmission distances ..._.._.. 598
transmitting and receiving...... 571
transmitting tube . —— 1 ]
tubes required ... .. 569

. Temperature effects .. 848
Testing . 607-670
alignment procedure . 612

analyzers, various ................630-634
audio transformer ...

commercial analyzers ...
dlagnometer .. . .

electrical tests ..
equipment ____

grid tests 624
grid voltage ... .. USRS .
heater voltage .. "
instruments ... o o
ohmmeter 628
out-put test ... 625

plate current

e ————— ..’}




Testing—continued

plate voltage .. . 621
point to point tester..........___.. 659
precautions to observe..........610, 611
resistance capaclty chart.............. 616
selection of Instrument scaies.... 611
signal generator ... 654
testing a triode.eeoee. .. 612
Thermal agltation — 28
Thermo-coupled ammeter. —. 82

Thermo-couple Instrumerits__. 132

Thermonic, definition ofu..._ 82
vacuum tube ... 82
Thyratron, electron tube oscll-
logram 780
resistance welds ...coeieeenee.
tube ... 763-765, 771~ 780
welder control panel..... ... 778
welding application ... 774-780
circuits woeere.. 774, 776, 779
contactor 775
Time Chart 551

Transconductance ... 83

Transformers .. .....185-198
ampere turns ... 191
audlo 194
auto 197
calculations .o 188-192
connections ... ... . 147, 148

(see aI80) ... 297 -320
copper wire table ... 198
core type 193
coupling co-efficlent ereacees 185
definitions 185
diagram 146
efficiency 196
function of 186
insulation 194
! 185
magnetic leakage ......_. 195
magnetlzing current — 192
power 194
ratio of turns E———1 .1
reconnection ... 709
schematlic dlagram ... 186
shell type 193, 194
theory 187
tuned type 83
wire size e .193, 197

‘Transmitter, public address sys-

tem -~ 421
radlo telephony o 218

Tube chart 623
checker 634, 635
tester 650

Turns, how to find...............557, 559

per volt chart.... .. 190
‘Turntable motor U ) § |
speed 410

‘Tuning 7
antenna 377
definition of __ ... 88
fork 7
indication 285

Indicator circuits ...
Tuned circults .

radlo frequency clrcult_;;._ 278
theory of v 165172
Ultra short waves....oooooe 535
Underwriter’s standards ...........849.868
Units 877-879

\'"/

Vacuum, contact tube switch.769, 770

definition of w84
phototube 729
Vacuum tubes ... ... 221.250
assembly of . 22%
cathode construction ... 231
directly heated .. SOSS " - ) |
function of ... 230

heater insulator ... 231

indirectly heated 231

sleeving 231
chart 623
cross modulation ... 250
deflnition of ... .
diodes

dlode characteristics ..o
diodes, construction of.
duplex, dlode, pentode..
Edison effect ... ... . 226
electron emisslon . 226
electron movement 230
emission current ..
fundamentals
filament
transformer
wire
glass
grid function ...
Internal structure of...........
materials used ...
multi-purpose tubes .......

operation of ..ol 225
oscillator 205
pentagrid converter .............. cormneeres 249
pentode 245
suppressor grid e ... 246
various USes ... 246




Vacuum tuhze—continued

plate 228, 245
PUrpose of e -...223, 224
saturation current ol 238
secondary emi3sion ... 227

screen grid 229
sharp cut off types..... ... 250
space charge e — 227
suppressor grid . 229
tetrodes 242

screen functlon .. 243
triodes 228, 239

grid action .o 241

Inter-electrode capacitance..... 242

variable Mu-type ... 250
volt-meter 665
Vector diagrams .. 43-54, 167, 168
Veloclty of light.........o.coneeeere... 636
Vislbllity curve ..o, e 737

Visual landing ald for alrcraft...... 468

Voltage 33, 34
amplification formula .. - 170
compensating unit ... 723
dlviders 1654
doubler circuits .. 161
formula for .33, 34
multiplier chart ... 119
regulation 149
regulation diagram ............. —— 147

resistance, watt, chart_...._.._._.. 184
Volit, definition of....ccneeee.. ..
ammeter ............119, 124, 125, 134

Voltameter 115
Voit - ammeter, resistance ar-
rangement ..o 125
WVoltnieters 120
how to connect_. ... ....118, 123
vacuum tube .................84, 665

. Voltemlllilammeter-ohmmeter ....... 128

W

Warning lights, on ships.....____
Watt, definition of..._..._.

827
878

example on 37

Watt—continued
formula for 36
resistance, voltage chart.._...... 184

Wattmeters 136
formulas 137
how to connect..._.e e, 136

Waves, continuous type.........
length 5, 175, 176
waveband-switching ... 721

Wave-lengths, aerials ............ 378
formula 556, 874
motion 6
ripples 4
vs. frequency ... --539-542

Weston, current output of.... 743
diagram of connections.. 785
effect of external resistance on

current output ... ... 744
Internal resistance of cell...._. 74K
Illumination control ... S -
diagram 787
relay 787
unit 786
Internal resistance of...... 745

light collector............._783, 784, 788

operation ... 786-790

“turn off” relay. 786

“turn on” relay.... SEN—— (- . |
source 784

meters.......... 114, 127, 128, 139

photronic cell oo ..742-746

refay cabinet ... 787, 788
calibration .

sensitrol relay
series and parallel operatlon of 745

smoke control .. oeeeceeeoee.. 782
testing Instruments ...__......619-639
Wheatstone bridge ... 140

Window strip e 384, 385
Wireless, remote control system.. 346

portable control box......... SN Y 4
Wire-size, antenna ... rcssressses 380
table ... 198







Radio Symbols

The following symbols have been adopted as standard by engineers and
manufacturers, and should be used in making circuit diagrams—also
for reference in reading diagrams.

GROUND S
F
m' LR e
o A;N;TENNA INDUCTOR RESISTOR
AMM INDUCTOR RESISTOR
ETER (Adjustable) (Adjustable)
_||_ ‘q'yé}y\_ —W
BATTERY
(The n%gatlve is ir:‘dlmhd '3,225,{,2;‘ ?E,'EL%';
—Ib
CONDENSER JACK s'(’i‘a“«'irﬁ?"
@ SPARK GAP
(ARt L PHOTOELECTRIC CELL Gy
: SPARK GAP
GALVANOMETER RECTIFIER TUBE (Quenched)
(Fuli - Wave)




Radio Symbols

In addition to symbols, given below, abbreviations are used for shortening
descriptions. Abbreviations and formulas most commonly used are given
on the following pages.

o -

WIRES CR A
TELEPHONE RECEVER (Ngsm‘;’is SCREEN GRIO

(With directly heated cathode)

€

—.”;— %
SWITCH A
THERMO- ELEMENT (single pole) SCREEN GRIO

(With indirectly heated cathode)

B3 L:

€

TRANSFORMER RELAY PENTOOE
(Air core) (With directly heated cathode)
TRANSFORMER %
(Iron core) OIODE DUPLEX DIODE PENTODE
TRANSFORMER Tmo;@ | | l
(Fixed Tap) (With directly heated cathode) PENTAGRID CONVERTER
O, <%> %" 3
VOLTMETER TRIODE .
(With indirectly heated cathode) PENTAGRID MIXER
WIRES JOINED TETRODE % %

(With directly heated cathode) ELECTRON - RAY TUBE
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CHAPTER 1

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 eleclro-magnetic phenomenon; so did.
Charles Proteus Steinmetz.

Shortly before his death Steinmetzsaid: *‘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 the
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 hel& it to be merely
congervatism or lack of courage which has kept science from abandoning
the ethereal hypothesi;. |

J

Steinmetz called attention to the fact that belief in an ether is in cons

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 equivalerit. ‘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

* 45 an electro-magnelic field, that is, @ combination of a magnetic
Jield and an electrostatic field. - td

Bt If the current and v’olmgef 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 Vibl'ate. IS H

The action of the transmitter is Jike tapping a.mold of jello. Waves
zlsg through it, and 5o radio waves are produced in the- electro-magnetic
The transmitter tas the hypothetical medium,. causing it to vibrate.
The receiving set is Cesigned to detect the vibrations and so intelligence
is carried from one pint to another,

4

Y’ ‘ Ll hi
It is well known, that a stone thrown into a pond causes
ripples.or waves on the surface of the waler, which’move mbaj}

NOTE.—As stated by Dr. Lee de Forest: Radic is simply & cause and an effect. The
cause is the radio transmitter, Itmhesanelequo-mmﬁc-plg:hthntmupndiowavu.

one end of a pond of still ‘water. Ripples are set up in the water. They travel farther and
Wamymmm.,mmutbymam“ﬁltbey-mhqphceof
wood which bobs up and down as it rides the waves. Put a bell on the piece of wood, in
thtitwmﬁnxwimtulcpkuofthem.thhmmmthemchnhlpamleloi
communication.

'
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Jrom 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 infigs. 1 and 2. If the distance be sufficiently
great they will become so weak as to be invisible,

~

POINT OF DISTURBANCE WAVES
.. F1G. 1.—Effect of throwing stone in still water; production of waves which radiate or travel
from the point where stone enters the water, or *‘point of disturbance.*”

NOTE.—According to Marcont radio waves. £0 12 outer space. 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, Ppenetrating the atmospheric layer. He re-




6 Radio Principles

Radio communication as has been explained is @ form of
wave motion which occurs in an electro-magnelic field, these waves
acting in a ssmilar manner lo waler 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 changmg
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 otter) hundreds of thousands of times a second.

POINT OF NAVE LENG
DlSTURBANCE.

F1G. 2 —Sectional view of waves produced by throwing stone in still water, illustrating
:{utofmve.wavelengtl:andgmdualmkeningoﬁhewa as they travel from the point
disturbance

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 ele¢-
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-mazmetic 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

i water, the amperes of electric current put into the antenna correspond to
s the size of the rock:, while the volts of electrical pressure are equivalent
to the force with wlnch the rock is hurled. The larger the rock and the
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Srom 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 wage length.

The waves are strongest at the point of disturbance and
gradually become weaker as they travel away from that point,
as shown infigs. 1 and 2. If the distance be sufficiently
great they will become so weak as to be invisible.

POINT OF DISTURBANCE WAVES

.. F1G6. 1.—Effect of throwing stone in still water; production of waves which radiate or travel
from the point where stone eaters the water, or ‘‘point of disturbance.”

NOTE.—According to Marcont radio waves go {2 outer space. 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 tists maintain, waves produced on the earth ahou{d not travel auch a distance, since
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Radio communication as has been explained is @ form of
wayve motion which occurs in an electro-magnelic field, these waves
acting in a similar manner lo waler 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 changmg
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.

POINT OF AVE LENG
DISTUR&ANCE_ .

Fic, 2 —Sectional view of wa:
crest of wave, wave length and
of disturbance.

ptoduned by throwing stone in still water, illustrating
as they travel from the point

'ia
|
§

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 ele¢-
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 apy wire in which current is flowing are
o 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
ol 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 hnother class
of waves—sound waves.

When the note C is struck on the piano (asinfig.’3 ) 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-,

256 WAVES PER SEC.
L.

i

e

k256 WAVES PER SEC.

1ANO STRING VIBRATES

SYMPATHETIC VIBRATION OF
TUNING FORK (IN UNISON)

3¢ T .

. F16. 3.—Sympathetic vibration of tuning fork with struck piano string when tuned to same
‘petch, illustrating the wave theory of radio.

The waves radiated by a radio transmitter- always have a definite num-

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, ’
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Vibration of vocal cords of speaker (1) producing soutd, causes air to vibrate in front of mouth (2)
which in turn causes the thin diaphragm of microphone (3) to vibrate. The microphone changes the
mechanical vibrations to varied electric currents (4); an amplifier (5) amplifies these currents as at (6).
An oscillator, or radio wave producing, device (7), in the meantime, produces radio waves (9) for
broadcasting. A modulator (8) modulates or changes these radio waves to travel as sound waves. The
varied currents (6) enter the modulator (8) and cause the radio waves (9} to flow out asat (10), con-
forming to the electric sound waves. An amplifier(11) amplifies the modulated radio waves, to give
them more power, &; at (12); these waves enter the antenna (13) and travel out into spaceas at (14)—
going in all direction: ready to be picked up by receiving antennas.

1o

so[drourig orpey




Physics of Sound 9

CHAPTER 2

Physics of Sound

Production of Sound.—When air is set in vibration by any
means, sound is produced provided that the frequency of vibra-
tion is such that it is audible. If a violin string in tension be
plucked, as in fig. 1, it springs back into position, but due

Fic. 1.—Sound produced by vibration of violin string.

-
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to its weight and speed, it goes beyond its normal position,
oscillates back and forth through its normal position, and grad- ;
ually comes to rest. These vibrations produce sound.

-

As the string moves forward it pushes air before it and compresses it, also
air rushes in to fill the space left behind the moving string. In this way the
air is set into vibration. Since air is an elastic medium, the disturbed por-
tion transmits its motion to the surrounding air so that the disturbance is
propagated in all directions from the source of disturbance.

Fio. 2.—Generation of sound waves by the rapid oecillation of a light piston. As the
piston oscillates the air in front of the piston is compressed when it is driven forward,
nndthesunoundingairexpandstoﬁlluptbe;paceleftbythenuutingpistqnwl)mit
is drawn back. Thus a series of compressions and rarefactions (expansion) of the air is the
result as the piston is driven back and forth. Due to the elasticity of air, these areas of
compression and rarefaction do not remain stationary but move outward in all directions,
a8 shown.

If the string be connected in some way 'to a diaphragm such as the
stretched drum head of a banjo, the motion is transmitted to the drum.
The drum, having a large area exposed to the air, sets a greater volume of ‘
air in motion and a much louder sound is produced.

If a light piston several inches in diameter, surrounded by a suitable
baffle board several feet across, be set in rapid oscillating motion (vibra-
tion), as in fig. 2, by some external means, sound is produced.
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Propagation of Sound.—If the atmospheric pressure could be
measured at many points along a line in the direction in which
the sound is moving, it would bé found that the pressure along
the line at any one instant varied in a manner similar to that
shown by the wavy line of fig. 2.

To illustrate if extremely sensitive pressure gauges could be set up at

several points in the direction in which the sound is moving it would be
found that the pressure varied as indicated in fig. 3.-

VACUUM PRESSURE @ Q ®

N

Fic. 3.—Diagram illustrating pressure_variations due to sound waves. It should be
noted that the type gauges shown, register above at heric when the pointer
moveohoﬂ:erkhtoftheverﬁml.andmumorpremnebdowatmospheticwhmitmom
to the left of the vertical.

WAGUUM —>1e-PRESSURE

.Again, if a pressure gauge be set up at one point and the eye could follow
the rapid vibrations of the points it would be found that the pressure varied
at regular intervals and. in equal amounts above and below the average
atmospheric pressure. The eye, of course, cannot see such rapid vibrations,
but it can see wave motion in water, however, which is very similar to
sound waves with the exception that water waves travel on a plane surface,
while sound waves travel in all directions.

In the case of water as a medium for wave propagation, if
a pebble be dropped into a still pool, as in fig. 4,— and start-
ing at the point where the pebble is dropped, waves will travel
outward in concentric circles, becoming lower and lower as
they get farther from the starting point, until they are so
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small as not to be perceptible, or until they strike some ob-
structing object.

Fic. gi;‘—Eﬁect of throwing a stone into still water; it produces waves which travel out-

wardly » concentric circles from the point where the stone enters the water
or point of disturbance.

SOURCE OF WAVES et REFLECTED WAVES
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Iftbepondbe'smauitwinbenoﬁcedtbatthewaveswlﬁchsuikethe
shore will be reflected back. Ifthev‘vavesstrikeashom.tbatispamllel
gn;th the waves, theywiﬂbeteﬂectedback_inexpandingdrcles.ash

5%

If the waves stﬁkeaholloworconcaveshmlineasinﬁg.the
nﬂectedwaveSWthendtoconverge (focus) to a point.

Comparing water and air as media for wave propagation,
water waves travel in expanding circles and air ‘waves in ex-
panding spheres.

WAVES FROM THE SOURCE FOCAL AREA  REFLECTED WAVES

Flc.G.—Reﬂectiono!wavesfromamedmrfaoe.Theaolidlinuﬂlowthedimcthn
ammmmmmmdlimmmmmrmdmm
waves. Foulsingofnvumuluintheirniniaumt.whichmyuuethemtob\ﬁkl
up to considerable proportion at one point. :

Somdwavesarereﬂectedinamannersimilartowata-waves.m i

using
echo and reverberation. If the sound waves focus at a point, loud and
dead spots are produced.

Wave motion has certain definite characteristics and these
characteristics determine:

1. Loudness;

2. Pitch;

3. Tone.
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Loudness.—By definition, loudness is relatively high intensity
of sound. Loudness (or amplitude) is determined by the
amount of difference in pressure between the maximum com-
pression and the maximum rarefaction. This corresponds in
water waves to the vertical height of the crest above the trough
of the wave. Loudness is illustrated in fig. 7,

Fi1G. 7.—Properties of wave motion illustrating what causes loudness of tone.

Pitch or Frequency.—Any one of a series of variations, siari-
ing at one condition and returning once lo the same condition is
called a cycle. Observe some point on the surface of the water
in which waves exist and it will be noticed that at this point
the water will rise and fall at regular intervals. At the time
at which the wave is at its maximum height the water begins
to drop, and continues until a trough is formed, when it rises
again to its maximum height. Accordingly, all the variations
of height which one point on the surface of the water goes
through in the formation of a wave, is a cycle of wave motion.
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The number of cycles a wave goes through in a definite interval
of time ¢s called the frequency. Therefore the number of times
e NARMONICA (BASS CHOQUAND) p— N T T T LT E—

D160}
| yte

Fi1G., 8, —Musical pitch chart for piano, voice and various instruments. Thischart represents
the relation between the musical scale and the piano keyboard, giving the frequency of each
note in terms of complete vibrations, or cycles, according to the standard used in scientific
work such as the scientific scale based on middle C at a frequency of 256 cycles. The piano
keyboard covers nearly the entire range of musical notes and extends from 26.667 cycles
to 4,096 cycles. The piccolo reaches two notes beyond the highest note of the piano. The
extreme organ range, not shown on the chart, is from 16 cycles to 16,384 cycles, scientific
or physical pitch, as it is usually called. Music seldom utilizes the full keyboard of the
the piano, the extremely high notes and extremely low notes being seldom used. Theref:

a reproducing device which reprod all frec ies from 50 t0-4,000 cycles would be
satisfactory in reproducing musical notes.
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the water rises or falls, at any point in one minute would be
called the frequency of the waves per minute, expressed as the
number of cycles per minute.

In sound, the number of waves per minute is large, and it is more con-
venient to speak of the frequency of sound waves as the number of waves
per second, or, more commonly, as the number of cycles per second. Thus, a
sound which is produced by 256 waves a second is called a sound of a fre-
quency of 256 cycles.

PITCH RATIO ok

AN\
WV

4

' Fi6. 9.—Properties of wave motion illustrating pilck. !

When speaking of sound, cycles always mean cycles per
second.

Considered from the standpoint of traveling waves, frequency is deter-

mined by the number of complete waves passing a certain point in one

second, and this, of course, is equal to the number of vibrations per second
generated at the source.

Fig8 is a chart showing pitch frequencies corresponding to the
various keys of the piano and range of the human voice and various
instruments.

Tone.—By definition tone is sound in relation to volume,
quality, duration and pitch; specifically, in acoustics, a sound

T . T
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that may be employed in music, having a definite pitch and
due to vibration of a sounding body; opposed to sound as mere
noise.

By common usage in music, tone generally means the timbre
or qualily of sound.

A pure note of a given pitch always sounds the same, and the frequency
of this note is termed its fundamental or pitch Srequency. However, notes
of the same pitch from two different kinds of instruments do not give the
same sound impression. ‘This difference is due to the presence of overtones,
sometimes called harmonies.

Consider again the case of a taut string which is plucked to
set it in vibration.

If the string be plucked at its exact center, it will vibrate as a whole and
give a very nearly pure note; but if it be plucked at some other point, say
one-third of the length from one end, it will vibrate as three parts as well ag
a whole, and a change of tone will be noticed. If the string be plucked
indiscriminately, various tones will be heard, all of the same pitch. \

Hollow cavities built into the bodies of the various musical
instruments give them their characteristic tones, because’ the
air chambers, called resonance chambers, strengthen overtones

of certain frequencies and give a very pronounced tone to the -
instruments. .

Other instruments have built into them means of suppressing certain
overtones, which help to give them their characteristic sounds, The fre-
quency of an overtone is always some multiple of the pitch frequency; that

is, the second overtone has twice the frequency of the pitch note, and the
third overtone, three times the frequency, etc.

Overtones of twenty times the frequency of the pitch note are present in
.the sounds of some musical instruments, but overtones of this order are
important only when the pitch note is low, because the frequency of the
twentieth overtone of even a moderately high note would be beyond the
wbility of the'human ear to detect.
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Overtones give character and brilliance to music, and their
presence in reproduced sound is necessary if naturalness is to
be attained.

The combined result of all the partial or overtones gives the quality or
timbre of the tone, that is the peculiar characteristic sound as of a voice or
instrument. A great variety of tone is foundin the orchestra as exemplified
by the strings, wood wind, brass and reed choirs. See figs.10to 13

WOOD WIND

e :i,,.':,;.—;.;‘ﬁ__\-;,

Fi1G. 10 to 13,—Familiar instruments of the orchestra illustrating the great variety of tone
produced by the various ‘“choirs” to which these instruments belong. It is because of this
great variety of tone that the orchestra is the finest medium for musical expression. It
should be noted that even the best organs represent, a very poor attempt to imitate the
orchestra—it cannot be done. Such impossible instruments as the cornet, saxophone, etg.
are not employed in any legitimate orchestra. .

A reproducing device which reproduces frequencies from 50
to 6,000 cycles will cover very well all the notes and overtones
necessary for naturalness and distinctiveness.

In singing, the range of notes covered is approximately from 64 to 1,200
cycles, extreme limits, but this range cannot be covered by one person’s
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woice. The frequency of 1,200 cycles does not represent the highest fre-
quency used in singing, because overtones of several times the frequency of
the note are always present in the human voice. The presence of the over-
tones gives the pleasing quality to songs. This quality of the singing voice
is called timbre. The timbre of the voice transmits the emotions of joy,
sadness, etc., from the performer to the audience, and therefore is very
important in the enjoyment of vocal music.

Wave Length.—By definition the wave length (of a water
wave for instance) is the distance between the crest of one wave
and the crest of the next wave. This distance remains the same
as long as the wave continues, even though the wave becomes
8o small as to be hardly perceptible.

Frequency in wave molion s related to wave length.

All waves produced do not have the same wave length. A small pebble
dropped into a pond will produce a wave of short length, but a large
stone will produce a wave of correspondingly longer length. In sound the
wave length is dependent upon the frequency of the source. Similarly, in
sound the wave length of a sound wave is the distance between ihe point of
maximum compression of one wave to the point of maximum compression of
the next wave.

'Sound travels at different speeds in different substances, thus
it travels at a much higher speed in water and steel than in air.

N(TrE.—Votclnaistbeartolobuiningapnrﬁcula:qualityof(oneinanmpipeand
olpmcuringuniformstnnzthindqualitythmxghoutmeentirenop. Voicing is one of the
mt,delicatemdarﬁsticpumofthemnbuildq’aart,anditiase!dom,ifever.t.hatavoioer
is good at both flue and reed voicing.

NOTE.~—Percussion instruments such as drums and the various accessory traps pro-
duce the greatest pressures that are used in masic. Although the fundamental frequency of
themteswhichtheyemitis(aiﬂylow,thenotesareparticuhrlyrichintoneso(higmfre-
quency, which may extend as high as 10,000, cycles. Although these higher tones die out’
rather rapidly, they are essential to good definition.

NOTE.—The organ, plano and harp have the greatest compass and cover a frequency
range from about 16 to 4,000 cycles. Allthreeofthueimt.rumemsmchmu-iudbya
nmerpmminentﬁntovmonc,aqthattheire&ecﬁvenngaextzndaaahighn,B,OOOors.OOO
cycles. .

NOTE.—According to Prout “the cornet is & vulgar instrument whereas the trumpet is
a noble instrument.” Theonlyemueforacornetilthatiti:egufertoplaythanltrnmpet.
Non-musical instruments, such as the cornet and saxophoune, if they must be heard, should
beemﬁmdwa:dandMntenﬁ-daneehﬂhinmthtculnud.mddnuimimﬁm
ears may not be profaned.
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In the latter medium it travels about 1,100 ft. per second. An illustra-
tion of the fact that time is required for sound to travel from one place to
another is shown by a steam whistle at a distance of several hundred yards.
If it be observed when blown, it will be noticed that the “steam’*® can be
seen coming from the whistle a considerable length of time before the sound
of the whistle is heard. Sounds of all frequencies, or pitches, travel at the
same speed. The speed at which sound travels divided by the frequency
gives the wave length of the sound wave.

A knowledge of wave length is necessary for the proper con-
struction and location of baffle boards and horns in theatres.

Speech.—The sounds of speech are divided into two classes,
vowels and consonants. The vowel sounds are used in the
pronunciation of the letters g, ¢, %, 0, %, and sometimes y, in
the formation of words.

These letters are also used in combination to indicate other vowel
sounds. The pitch frequencies of the vowel sounds in male voices range
from 110 cycles to 140 cycles. For female voices the range is from 230 to
270 cycles. The characteristic frequencies, or overtones of the vowel
sounds, however, reach frequencies of 3,300 cycles. So important are these
overtones that the pitch frequency can be entirely eliminated without
noticeably changing the sound sensation produced on the human ear. The
fullrangeoffrequenaesusedmvowelsoundsxs&om110cyc1esto4800
-cycles,

The pitch frequency of the vowel sounds are produced when
. air is blown through the vocal cords.

The vocal cords are two muscular ledges in the air passage of the throat.
‘When these muscles are taut there is a narrow slit between them, which sets
the air passing through into oscillation. The sound produced by the vocal
cords is changed by the cavities of the mouth.

The shapes of the cavities continuously change as a person speaks, making
it possible for him to produce a wide variety of sounds, all of very nearly the
same pitch frequency.

*NOTE.—The white cloud seen issuing from a steam whistle usually called “steam,” is
not steam butafogofmmuteliquid pamclu produced by condensation. The term is misused
above simply for convenience. Steam is invisible.
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Consonant sounds are usually produced without the aid of
the vocal cords.

Most of these sounds are produced by the lips and teeth, as in the pro-
nunciation of ¢4, 5, and f. The range of frequencies covered by consonant
sounds is from 200 to 8,000 cycles, but most consonant sounds have fre-
quencies of less than 6,000 cycles.

‘Hearing.—The actual mechanism of hearing is not very well
understood, but certain facts regarding the ability of the ear
to register sounds of various frequencies has been determined

very accurately.

The range of frequencies which the average person can hear is from about
20 cycles to 17,000 cycles, but a comparatively large amount of sound energy
is required before the ear can detect sound of extremely low or extremely
high frequencies.
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FiG. 14.—Internal Structure of the Human Ear.
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The ear is most sensitive to frequencies between 500 cycles
and 7,000 cycles; also, the ear is most sensitive to changes of
pitch and changes of intensity of sound in this same band of
frequencies.

NOTE.—Woman s speech in general is more difficult to interpret than man’s. This may
be due in part to the fact that woman’s speech has only one half as many tones as man’s, 8o
g the membrane of hearing i3 not disturbed in as many places. It may be inferred there-

that the nerve fibres do not carry as much data to the brain for interpretation. The
greatest differences occur in the case of the more difficult consonant sounds. In woman's
speech these sounds are not only fainter but require a higher frequency range for interpretation.
A range of from 3,000 to 6,000 cycles for man's Voice corresponds roughly to a range of from
5,000 to 8,000 cycles for woman's voice. Since the ear is less sensitive in the latter range and
the sounds are initially fainter, their difficulty of interpretation is greater.

NOTE.—When sounds containing a number of tones are increased in loudness, the lower
tones in the sound deafen the auditor to the higher tones. This deafening or masking effect
becomes very marked when the sound pressure of the lower tones is greater than twenty sen-
gation units. In the case of speech, this effect impairs the interpretation of the higher pitched
sounds. The best loudness for the interpretation of speech corresponds to a sound pressure
between O and 20 sensation units. If the sound pressure he less than this, the fainter sounds
are inaudible. If the sound pressure be greater, the masking effects impair the interpretation
of these sounds. '
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CHAPTER 3

Radio Fundamentals
. and

Ohm’s Law

The Structure of Matter.—It is now a well known fact that
all matter is made up of submicroscopic particles. These par-
ticles which are the smallest into which matter can be sub-
divided and still retain the properties of the original substance,
are called molecules.

Molecules of different substances vary greatly in complexity,
ranging from extreme simplicity in some substances to very
great complexity in others. All molecules, however, may be
broken up into simpler constituents called atoms, of which
there are more than ninety distinct kinds known, each repre-
senting one of the chemical elements from which all matter is
constructed.

Only a few elements, however, appear in the molecules of any
one of even the most complex substances. An element, then
is a fundamental substance composed of only one kind of atom.
In some elements, the molecules are composed of single atoms;
in other elements, two or more like atoms are associated to-
gether to form the molecule. Of the more common elements
are hydrogen, oxygen, nitrogen, carbon, iron, copper, etc.
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Carrying the analysis still further, atoms are well known to
have complex structures. In accordance to the most widely
accepted modern physical picture of the atom, it corresponds
roughly to a miniature of our solar system. Corresponding to
the sun in the solar system is the nucleus of the atom which, in
general, is a very small, compact structure composed of a com-
bination of extremely minute particles called protons, neutrons,
positrons and elecirons.

o T

/ AN
o

~—
Fi6. 1.—Structure and electronic orbit of the hydrogen atom.

The protor, whose mass may be taken as the unit of atomic
weight has a positive charge equal in magnitude, but opposite
in sign, to that of the electron. Its massis very large compared

~ with that of the electron or of the positron.

The neutron has very nearly the same mass as the proton, but
is uncharged. The positron may be regarded as the ultimate

)
f oo
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unit of positive charge just as the electron is the ultimate unit of '
negative charge. The positron has the same magnitude of
charge as the electron and very nearly the same mass. Prac-
tically all the mass of the atom is associated with the small,
dense nucleus. Revolving about the nucleus in orbits at rela-
tively large distances from it, are one or more electrons.

The simplest of all atoms is that of hydrogen, whose nucleus
consists of a single proton with a single electron revolving about
it. The two charges revolve about each other in space much
like a whirling dumbbell, except that there is no rigid connection
between them. See fig. 1.
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F16. 2.—Structure and electronic orbit of a neutral helium atom.

The next atom in simplicity is that of helium, whose nucleus
consists of four protons and two electrons bound together in a
compact central core of great electrical stability. Revolving
about this compact nucleus are two electrons. See fig. 2.
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Atoms of other elements become increasingly more complex
by the successive addition of one electron to those revolving
about the nuclei, and with the progressive addition of protons,
neutrons, positrons and electrons to the nuclei. In every
case the normal atom has an exactly equal number of positive
and negative elementary charges, so that the atom as a whole is
neutral; that is, it behaves toward electrified bodies at some dis-
tance from it as though it had no charge at all.

Positively and Negatively Charged Substances.—With ref- -
erence to the picture of the neutral atom, it will be easy to
understand what takes place when a substance is electrically
charged.

Assume that by some means one of the external electrons of -
the neutral helium atom is removed as shown in fig. 3, the
result will be an unsatisfied atom in so far as the balance

/N

REMOVED
ELECTRON

~o—

@
5. @®3J@
@

6. 3.—~Structure and elsctronic ocbit of a positive halium atom.




R

Radio Fundamentals & Ohm’s Law 27

between the positive and the negative charges are concerned.

The excess of one proton in the nucleus gives the atom a
positive charge, and if the previously removed electron is per-
mitted to return to the atom, it will again become neutral as in
fig. 2,

A positively charged body therefore is one which has been |
deprived of some of its electrons, whereas a negatively charged
body is one which has a surplus (acquired more than its normal
number) of electrons.

In its unbalanced state the atom will tend to attract any free
electrons that may be in the vicinity. This is exactly what
takes place when a stick of sealing wax or amber is rubbed with

0,/ELECTRONS)‘\O 000000000000000

Q0000000000000 O OOOOOO OOOOOOOOOOOOOOO ('Q)

+ + + + + - - - - ==
FLANNEL WAX

AFTER RUBBING

A R O R R R RO PP OLOCLAOLN00
NEUTRAL NEUTRAL l
FLANNEL WAX )

AFTER CONTACT

F1G. 4.—Illustrating how the rubbing process removes electrons from the flannel, and the
re-distribution of electrons after contact of the two boaies.

a piece of flannel. The wax becomes negatively charged and
the flannel positively charged.

During the rubbing process, the friction rubs off some of the
electrons from the atoms composing the flannel and leaves them
on the surface of the wax. Since the surface atoms or mole-
cules of the flannel are left deficient in electrons and the surface
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atoms of the wax with a surplus, if the wax and the flannel are
left together after being rubbed, there will be a readjustment of

: electrons, the excess on the wax returning to the deficient atoms
of the flannel, as shown in fig. 4.

Most of the electrons in the aniverse exist as component
parts of atoms as described, but it is possible for an electron to
exist in the free state apart from the atom temporarily at least.
Free electrons exist to some extent in gases, in liquids and in
solids, but are much more plentiful in some substances than in
others. .

Conductors and Insulators of Electricity.—In metals for
example, enormous quantities of free electrons exist while such
substances as glass and rubber contain only small amounts.

It is the presence of free electrons in substances that enables
us to account for the conduction of electricity. The more free
electrons a substance contains, the better conductor of elec-
tricity is it, and it is on account of the great numbers of free
electrons in metals, that metals are good conductors of elec-
tricity. Again, substancessuch as glass, rubber, mica, etc., with
their comparatively few free electrons are poor conductors of
electricity—good insulators.

Flow of Electric Current.—These free electrons are in a state
of continual rapid motion, or thermal agitation. The situa-
tion is analogous to that in a gas where it is known that the
molecules, according to the kinetic theory, are in a state of
rapid motion with a random distribution of velocity.

If it were possible at a given instant to examine the individual
molecules or electrons, it would be found that their velocities
vary enormously and is a function of the temperature. The
higher the temperature of a substance the higher the velocity of
the atoms and electrons.




- T e A e d 5 3

Radio Fundamentals & Ohm'’s Law 29

Now if by some means, the random motion of the molecules
or electrons in a conductor be controlled and be made to flow in
one direction, there results what is called a flow of electric cur-
rent. . Such means of controlling or directing the electron mo-
tion is provided by an electric battery or a generator. See

fig. 5.

DIRECTION OF
ELECTRONS

b6, 5, —Tllustrating the movement of electrons from the negative to the positive terminal
of a battery. In practice it is customary to think of an electric current as flowing from the
positive to the negative. The reason for this contradiction is due to the fact that the early
electrical experimenters assumed the direction of current to be from the positive to the
negative, which is now known to be opposite as far as analyzing a circuit is concerned. It
causes considerable misunderstanding to those not duly informed.

Resistance to the Movement of Electrons.—The progressive
motion of electrons in a conductor are retarded by the collisions
of the atoms of the substance, and it is this hindrance to their
movement which constitutes the electrical resistance in a
conductos.

N e
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This resistance varies in different metals, and also with the
temperature of the conductor. When the temperature in-
creases, the higher will be the velocity of the atoms and elec-
trons, which in turn causes more frequent collisions and as a
result, there is a greater hindrance to their progress.

The frequency of collisions between the atoms and electrons
is also increased when a greater number of electrons are present.
It is on account of this fact that the heating in a current carry-
ing conductor increases with the size of the current.

Electric Pressure.—It has been previously mentioned that
the directed motion of free electrons in a conductor constitutes
an electric current. To understand how a flow of current may be
established, it is well to consider the analogy of, for example, a
water pump in a hydraulic system. See fig. 6.

ﬁ‘ REGULATOR OF WATER FLOW
r —
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= WATER INTAKE
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CONDUCTOR

e PUMP / (Water Pipe)

FiG. 6.—Water is forced through the conductor by means of the pump action causing a
pressure difference between the conductor terminals.

In this case, by virtue of the pump piston the water enters the
pump at the intake end at low pressure and leaves the dis-
charge end at high pressure. The difference in pressure at the
two ends of the pump causes water to flow through the pipe.
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The action of the electrical system is similar. In any elec-
trical circuit a generator or battery may be used to supply an
electromotive force in a similar manner as the pump in the
hydraulic system supplies mechanical force. Here the positive
and the negative binding posts of the generator correspond to
the discharge and the intake end of pump respectively. See
fig. 7.

REGULATOR OF CURRENT FLOW

+ ELECTRIC
GENERATOR METER

T0 PRIME MOVER

F16. 7.——Note the similarity to the hydraulic circuit.

Similarly in case of the generator it is said that the pressure is
higher at the positive end and lower at the negative, correspond-
ing to the discharge and intake ends of the pump in the hydraulic
system.

It is this difference in pressure between the generator ter-
minals which causes an electric current to flow in the circuit, in
much the same way as the water is forced through a pipe in the
hydraulic system.

Electrical pressure variously called “difference in potential”
and “electromotive force” is measured in terms of a unit called
the volt.
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Electric Current.—Again using the circuit (water pipes) in

the hydraulic system, the rate at which water is flowing through

' the pipe may be measured in gallons per second. Similarly in
the electric circuit the amount of current flowing is measured in
a unit called “coulomb’” which expresses the rate of flow.

When the current in a circuit flows at the rate of one coulomb
per second the name of one ampere is used. This term facili-
tates the expression of current flow in that it makes it unneces-
sary to say ‘‘per second’’ each time, as second is already a part
of the unit “aempere.”

Thus one coulomb per second is one ampere, and ten cou-
lombs per second is ten amperes, etc.

The relation between coulombs and amperes may be ex-
pressed as follows:

I-‘%orQ=I><t

where I is the current in amperes; Q is the amount of electricity
in coulombs; and ¢ is the time of flow in seconds.

Thus for example if a battery sends a current of 5 amperes
through a circuit for one hour, the number of coulombs of elec-
tricity that will flow through the circuit will be 5X60X60 =
18,000 coulombs.

Resistance to Current Flow.—All conductors of electricity
oppose the flow of current through them, i7.e., they have elec-
trical resistance. The unit of resistance is called the chm. A
conductor may be said to have one ohm’s resistance if the ratio
of the electrical pressure in volts to the current flowing through
it, is unity.

Thus, for example, if the current flowing through a circuit is
found to be 10 amperes, and the electrical pressure 10 volts the

R R E e R s -i% ] alhven,
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Ohm’s Law.—When considering the flow of electrons in a
conductor it is evident that the greater the e.m.f, (electro-
motive force) is, the more electrons will flow in the circuit, and
also the greater the resistance of a conductor, the less number of
electrons will flow through.

It has been found that there is a definite mathematical ]
relationship between the e.m.f. applied to a circuit having a
definite resistance, and the current flow. This relationship is
known as the ohm’s law. This law states that the current
flowing through a resistance under a given e.m.f. is inversely
proportional to the resistance and directly proportional to the

voltage. Thus I= 'IE? in which 7, is the current in amperes; E,
the e.m.f. in volts and R, the resistance in ohms.

Series Circuits.—If there be several resistances in series, as
shown in fig. 8, the equation becomes

E
IQT-I-R2+—R:; orE=1I (R1+R3+R3)

or E=IXR1+IXR3+IXR3
R, R, Ry

= Ey=TIx nlﬂ Csz=1 xn;] Esaa 1 xlz;]
I=—2%£
Ry +R,+R,

E=E+E,+E,

oo
=T
BATTERY
M.B.—Simﬂecircuitwiththmemnmommctedinmha.

AMMETER

L
| jpumy

2 = > o
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The sum of the difference of potential across the various parts
of the circuit is equal to the total voltage impressed on the cir-
cuit. Thus, E=E,+E,+E..

In a circuit as shown in fig. 8, the current I, is the same in
each part of the circuit, but the voltage across each resistance
depends directly upon the size of that resistance.

Example:—What voltage must be furnished by the battery
in fig. 8, in order to force 0.25 ampere through the circuit if R,,
R, and R; are 5, 15 and 20 ohms respectively?

The total resistance R=5+415420=40 ohms. The total
voltage is 40 X0.25 =10 volts.

The voltage required for each part may be conveniently used
as a check. Thus

E, =0.25%5=1.25 volts

E;=0.25X%15=3.75 volts

E;=0.25X20=5 volts.
Hence 1.25+3.75+5=10 volts, as before.

Parallel Circuits.—In parallel circuits, see fig. 9, the voltage
across the various resistances is the same and the current flow-
ing through each resistance varies inversely with the value of it.
The sum of all the currents, however, is equal to the main cur-
rent leaving the battery. Thus

E=I1XR1=I3XR3=I3XRI
and [=L+L+1,

When Ohm’s law is applied to the individual resistances, the
following is obtained:

E E
Il"‘_R:p Iﬂ_E

R,

, and Is-
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E . E E 1.1,1),

el e %-R, the equivalent resistances of the several re-

. . .1 1 1, 1
s:stancesconnectedmparaﬂells§=E+E+E

[+ 4
w
=
§§ E .E E
I=L+l +I,= = + 2 + &,
] 1772798 B, R, B3
E
""'MF
+ -
BATTERY

Fto.s-—Simplecircuitwiththreemsistanoeeoonnecwdinpmﬂel.

Example:—If the resistances in previous example be con-
nected in parallel as shown in fig. 9, what will be the total
current and the current flowing through each resistance if the
voltage remains unchanged or 10 volts?
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The total resistance (R) for the combination will be found as
follows:

1 1 ,1,1 19 60
._R_=g.+1—§+§-0=6—6 Then R=1—‘9=3-16 ohm. ot

The total current=31—§)6 =3.17 amperes.

The current in the 5 ohms resistance is 10 =2  amperes.

5
(13 (14 1] L1 L1 L1 (14 10 — (1]
15 1§ =0.67
“ . [ “ “ . E . [
20 50 =05

The current through each resistance may conveniently be
added as a check. Thus 2+4-0.67+0.5=3.17 amperes as before.

Power in Electrical Circuits.—As previously stated, the elec-
trons in their movement through a circuit do not have a clear
path, but are in constant collision with atoms of the metals
causing the metal to heat up. The heat so developed, varies
with the number of collision and increases with the increase in
current flow, due to a higher potential. It has been found that
this developed heat or power loss varies directly as the resistance
and as the square of the current, which relation may be written

W=DXR=Z ~Ex1

in which W is the power in watts; E, I and R being the voltage
current and resistances of the circuit. Thus to determine the
power consumed in a device, multiply the voltage across it by
the current flowing through it.
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Example:—If certain heating elements take 25 amperes at
a potential of 110 volt, what is the power consumption?

The power is W=25x110=2,750 watts =234 k.w. <

b As the watt is a small unit of electrical power, the kilowatt

(k.w.) which is a unit 1,000 times larger is more convenient,
when it is desired to express larger amounts of power.

Therefore to change watts to kilowatts divide by 1,000 and to
change kilowatts to watts multiply by 1,000.

One horse power (H.P.) is= 746 watts.
Thus one kilowatt is =1.’7%20 or 1.34 horse power.

To obtain the horse power consumption in the above heating

elements H.P. =%=3.7 horse power.

- Example.—A certain carbon resistor is marked 1 watt and has
3 code colors as follows: yellow body, black tip and orangecolored dot.
What is the maximum current that may safely be sent through it?

Solution.—In this case it is first necessary to find the resist-
ance value in ohms. ‘With reference to page 182 the Radio
Manufacturer’s Association’s Code colors indicate that the
resistor has a resistance of 40,000 ohms, which may be checked
~ as follows: yellow body means (4); black tip means (0) and

orange dot means (000) or 40,000. Now the value of power dis-
sipation in watts is equal to (I*R) from which it follows that
|
|
|

1
1=12x%40,0000r I*= 40,000 hence

1 : aqps =
7 =500 Amperes or 5 milli-amperes.
With an increase in current above the derived value, the

heating of the resistor may become excessive and may even -
damage or change the accuracy of the resistance in question.
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SERIES PARALLEL CIRCUITS.

The solution of circuit shown on opposite page is in reality
very simple if it be kept in mind that any number of resistances
connected in series may be replaced by a single resistor with a
value equal to the arithmetical sum of the individual resistors,
or that any number of resistors in parallel can be replaced by |
an equivalent whose value is equal to the reciproeal of the sum
of the reciprocals of the individual units.

Circuit A-1 consists of resistors R, and R, in series, and the
two also in parallel with Rs. This group is connected in
series- with R, and the whole combination is again connected
in parallel with R,.

The simplest way to solve a resistance combination of this
type is to remember the foregoing and to go through the prob-
lem step by step, combining each series and each parallel group
and to replace them with their equivalent resistance.

Hence, to solve this circuit first replace R. and R, by their
equivalent R,.

The next step is to combine R, and R4 replacing them by
their equivalent R,. By replacing R. and R. by their equiva-
lent R;, the original circuit now being reduced to the form as
shown in fig. A-4.

In the manner similar to that already described R; and R,
in parallel is replaced by a resistance R. obtaining the result
as shown in fig. A-5. Finally as a result of these calculations

- aresistance is obtained having the same current limjting-effect
as that shown in fig. A-1.
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Method illustrating how a series parallel resistance combination of type
shown in A-1 may be reduced to the simple form of that shown in fig. A-5,
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Example.—Assume a ballery consisting of two dry cells con-
nected in series, and that each cell has an E.M.F. of 1.5 volts and
an internal resistance of 0.3 okms. In this arrangement the batlery
then has a total E.MLF. of 3 volts and an internal resistance of
0.6 ohms. If a current of 6 amperes is required through a circutt
of 0.2 ohms resistance, how many batteries should be used and
how should they be arranged?

Solution.—With one battery the current according to Ohm’s
law will be

3
m-s.% amperes

I=
This is not sufficient current, and if two batteries be com-
nected in series, we obtain '

6
I=m =4.28 amperes

This current is still too small and représents an increase in
current of only about 14%although the voltage has been doubled;
if, however, the two batteries be arranged in parallel, the cur-
rent will be

3
I-:W:G amperes

2

@ -

Example.—In a cerlain galvanometer, the maximum deflection
is oblained when the current is 40 milliampere. If the internal
resistance is 15 ohms, what is the greatest vollage the instrument
can be used to measure? If it is necessary to use the instrument for
voltages up to 10 volts, what value of series resistance will be
required?
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Solution.—By application of Ohm’s law, the largest possible
voltage that can be measured is given by the products of the
largest current that can be sent through it (0.04 amperes) and
the value of the internal resistance (15 ohms). Thus it may be
written: 0.04 X 15 = O 6 volts.

In order to measure larger voltages, however, it is necessary
to insert a resistance in series with the instrument, after which
the voltage to be measured is applied across the combination.

The additional voltage is now diss1pated in the series resist-
ance, and only the smaller voltage is applied to the galva-
nometer itself.

Since the same current obviously must flow in both the instru-
ment and the series resistance, write as follows:

Max. volt. drop across galvanometer _ Galvanometer res.
Max. volt. drop across combination ~ Galvanometer res, —+-ser. res.

In this equation the only unknown factor is the series resist-
ance, hence by substituting known values, the following is
obtained:

06 15
10 ~ 15+R,

where R, denotes the unknown series resistance. Therefore,
150=0.6 (15+R,) or R,=235 ohms

which is the value of the series resistance to be inserted in
series with the galvanometer to give full scale deflection at a
potential of 10 volts.
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Alternating Current Series Circuits. (Inductive Reactance.)
—In direct current circuits the current is exactly defined by
the mathematical relations between voltage and resistance,
whereas in the alternating current circuits this exact relation-
ship no longer exists. For example in the case of direct current,
the current through a piece of wire will be the same if the wire
be coiled together or uncoiled. In the case of an alternating
current the current will be less when the wire is in coiled than in
straight form.

This is due to the inductive reactance (X,) of the wire and is
written :

‘ X, =2XwXfXL
in which X is the inductive reactance in ohms, f, the fre-
quency of the alternating current source and L the co-efficient
of self-induction in henrys.

Capacitive Reactance.—If a direct current be connected .
across a condenser there will be no current flow, but if the con-
denser be connected across an alternating current source of high
frequency the current will pass through. This is due to the
capacitive reactance (X,) of the condenser and is written

1
T2XxXfXC

in which X, is the capacitive reactance in ohms, f, the frequency
of the alternating current source, and C, the capacity of the
circuit in farads.

X.

Resistance and Inductance in Series.—When a circuit in-
stead of containing resistance only or inductance only, contains
both resistance and inductance as in the case of a coil, it is con-
venient to consider it as a resistance (R) connected in series
with a pure inductive reactance (X,). See fig. 10.
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In this case it is necessary not only to know how to calculate
inductive reactance but also how to combine R and X - (See
impedance triangle fig. 11.)

The combined effect of total amount of resistance and induc-
tive reactance in the circuit is called the impedance (Z). The
mathematical relation between the impedance, the inductive
reactance and the resistance is written

=X+ Ror Z=VX R
and since
X, =2XxeXfXL
as previously shown, the equation may also be written
Z=V(@2XxXfXL)*+ R

| R
] :
|
E } E .
153
| X X;
! s B
-
Ea 17, ] i R

Fi6. 10.—Combination of resistance (R) and inductive reactance (Xr).
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Example:—A coil connected as shown in fig. 10 contains 5
ohms resistance and 0.04 henry inductance. The voltage and
frequency of the source is 100 and 60 respectively.

Find (a) the impedance of the coil; (b) the current through
the coil; (c) the voltage drop across the inductance; (d) the
voltage drop across the resistance; (e) the power loss; (f) the
power factor.

X1 =2XnXfXL=2X3.14X60X%X0.04 =15 ohms.
(@) Z=+/5*+15*=+/250=15.8 ohms
E 100
® I=7=Vetis
(¢) EL=IxX;.=6.3X15=94.5 volts
d) Exr=IXR=6.3x5=31.5 volts
€) W=IXR=6.3%6.3X5=198.45 watts

) Cose=§ =W58 =0.316 or 329, approximately

=6.3 amperes

X; = INDUCTIVE REACTANCE

R = RESISTANCE

#1G. 11_.—Illu§traws vector relation between the inductive reactance and the resistance. To
obtain the impedance: Resistance R (in ohms) is laid off horizontally; the inductive re-

actance Xr(aleo in ohms) is laid off to form the perpendicular. M e the hypc
(in the same scale) which gives the impedance of the circuit in ohms. This triangle is
variously referred to as the impedance trianele, vector diagram or impedance calculator.
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Resistance and Capacitance in Series.—If a capacitance be
connected in series with a resistance as shown in fig. 12 the

impedance may be written Z =1/} RzTXc2 and since
1

X"ZwafxC

it follows that

z “\/R”+<z><wlw)’

1

il

FIG. 12.—Combination of resistance (R) and capacitive reactance (Xo).

Example:—An alternating current circuit, connected as
shown in fig. 12 contains 10 ohms resistance in series with a
capacitance of 40 microfarads. The voltage and frequency of
the source is 120 and 60 respectively.

Find (a) the current in the circuit; (b) the voltage drop across

| the resistance; (c) the voltage drop across the capacitance;
(d) the power factor; (e) the power loss.

1 1
X e XX C = I3 TAX 605000004 = 66-3 ohms
Z-=\/102+66.32=67 ohms
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E_120
@ I=z=%7

() Er=IXR=18x10=18 volts
© E.=IXxX.=18x66.3=119.3 volts

d Cos 8 =§_é—2_o.149. or 14.99

(€) W=EXIxCost=120%1.8x0.149=32.18 watts

——=1.8 amperes

Resistance Inductance and Capacitance in Series.—In a
circuit which contains resistance (R) inductance (X;) and
capacitance (X,) the reactance (X) is equal to the arithmetical
difference between the inductive reactance (X.) and the
capacitive reactance (X,) which may be written thus

X=X.—X,
but as previously shown
Z=vVR4+X1=V R+ (X, - X,
but since
X, =2xxXfxLand X,= W;—fx?f
it follows that

1 2
Z‘\/R““(ZX"X”XL m) ohms

also the current flowing in this circuit
E

QL Crm—

The equations just derived are of the utmost importance in
all alternating current calculations and are generally referred to
as the Ohm’s law for alternating current.
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Alternating Current Parallel Circuits.—In the previous
analysis of direct current parallel circuits, it was found that
across each branch of the parallel circuit the voltage was equal,
and that the current in each branch varied inversely as the
resistance of that branch. The arithmetical sum of the
current in each branch circuit was also equal to the main
current.

When considering a parallel circuit as shown in fig. 13 through
which an alternating current flows, the voltage across each
branch (as in the case of the d.c. circuit) is equal.

F16. 13.—Parallel connection of resistance (R) and inductive reactance ( Xr).

The total current, however, can not be obtained (as in direct
current circuits) by arithmetical addition of the branch circuit
currents, but each branch circuit current must be added
vectorially which can best be shown by the following example:

A parallel connection consists of two branches A and B
See fig. 13. A, has a resistance of 40 ohms and B, has an in-
ductive reactance of 30 ohms. If the impressed voltage is
120, determine: (a) the current through branch A; (b) the
current through branch B; (c) the line current; (d) the power
factor of the circuit.
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120
(a) IR=E=3 amperes

120
®) I =30 =4 amperes

() I =+/32442=+/25=5 amperes
(d) Cost =§ =0.6 (or power factor =60 per cent)

Resonance.—When in a series circuit the inductive reactance
becomes equal to the capacitive resistance, the circuit is said
to be in resonance. The only opposition to the current flow
then is the ohmic resistance (R).

INDUCTIVE

X, =
EAC
AT RESONANCE X,_=Xc, L= LS

aND Zz=VE®=R
X = CAPACITIVE

X,

ILUIIJXc

F1G. 14.—~Illustrates connection diagram and resonance effect in a series circuit.

REACTANCE

Referring to fig. 14 this condition may be written X, = X, but
since X;=2X xXfXL and
S
¢ 2xXTXfXC
it follows that

1
2X tXfXLSZ—_Xm:XfXC.
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If it be desired to find the resonant frequency (f) for the
circuit, the equation may be written

Pra—ifm L
472 LC’" 2x/LXC

This equation is of importance in all kinds of radio work and is
used exclusively in calculations for wavemeters, filters, circuit
tuning, etc. If C, be expressed in microfarads and L, in
microhenries the equation may be written

e 159,000
v/ C(microfarads) X L (microhenries)

// \

CURRENT IN AMPERES
\

FREQUENCY IN K.C.
Fi16. 15.~Tllustrating bow the current varies for increasing frequency in a resonance circuit.
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Example.—Considering the circuit shown in fig. 16A-1 in which
a resistance of R, ohms is connected in parallel with an inductive
coil whose resistance 1s R, ohms and whose reactance is X, ohms
at the working frequency. If Ri=15 ohms, R,=12 ohms and X, =
16 ohms what will be the impedance of the circuit between A and B?

Solution.—The simplest way to find the impedance is to
determine the total current taken when a particular volt-
age is applied to the ends, the impedance then being given by
dividing the voltage by the current obtained. Since the circuit
is a parallel one, 10 volts will be applied to each branch, and the
voltage vector is thus first drawn as the reference vector, pre-
ferably in the horizontal position as shown by 0-E in fig. 16A-2.

E

Rl Il
—

—— AW —

Al Ra X2 B8
P
A-1 A-2
F1o. 16 —Resistance and inductive reactance in paralle! combination,

The current I, in the upper branch of the circuit will be cal-
E 10

culated from Ohm’s law, being Il=-R—=—1§=O.667 amperes,
and this is exactly in phase with the voltage. The correspond-
ing current vector 0-I,, is thus drawn over the top of the volt-
age vector as shown, and its length could conveniently be made
6.67 inches. The lower branch has an impedance of

Zg = ‘\/R32+X32 ='\/T22-*-].62 =20 Ohms,
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And the current in it is therefore

but as this is an inductive branch the current lags to some ex-
tent behind the voltage.

If ¢, is the angle of lag cos ¢,=%=;—g‘=o.6 and from a
table of cosines, it is found that ¢ =53° approx. Thus ina vector
diagram of fig. 16A-2 the current vector 0-1;isdrawn at an angle
of 53° to the voltage vector O-E, to the right since the current
lags by this angle. Using the same scale, its length would be
made 5 inches. The total current is then found by completing
the parallelogram and measuring the length of the diagonal
O-1. This will be found to be approximately 10.5 inches cor-
responding to a current of 1.05 amperes, and then the im-

pedance of the whole circuit is Z =—-=—="7—=052 ohms.

The combined current I lags behind the applied voltage by the
angle ¢ which if measured off by a protractor will be found tn
be 22.9°,

The circuit values just being arrived at by a combined
measurement and calculation method may of course be cal-
culated directly. If this be done, the procedure will be as
follows:

(1) current through the upper branch, being I, = 10 or 0.667

amperes 15
10 10
N Efzza)rﬁggglt through the lower branch, I= %ﬁ; =5p Or

(3) cos 6,=;—g = 0.6 and the angle of lag between voltage

and I, is 53° as before.
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(4) Total current I = /(1,4 I,Xcos 53°)*+ (I, Xsin 53)% and
after substituting numerical values
I=+/(0.66740.5X%0.6)2+(0.5x0.8)2

from which I=1.05 amperes approximately.
Angle of lag between voltage and 7 is similarly found, thus

_ Ii+1I,Xcos 53°  0.967
cos 6= 1.05 - a2

and 0=22.9° approximately.

In a similar manner most alternating current problems of
like nature may readily be solved. The important thing to
remember is that currents and potentials must be computed
geometrically and not arithmetically as each value is repre-
sented by a vector of definite size and direction.

Application to an Inter-stage Coupling.—In a low frequency
amplifier where resistance, capacitance or choke capacity coup-
ling is employed between the tubes, it is necessary to guard
against excessive drop of voltage across the coupling condenser
at the lowest frequency and the determination of the fraction of
the total available voltage passed on to the grid of the second
tube is a matter which is easily analyzed by the aid of vectors,
which also give the phase angle of this voltage.

Fig. 17 (a) depicts an ordinary resistance capacity coupling.
Assuming that the alternating component of the voltage de-
veloped across the anode resistance is E volts, this potential
difference is set up between the ends of the coupling circuit CR
as shown. Suppose that the grid leak R has a resistance of 0.5
megohms, and that the capacity of the coupling condenser is
0.01 microfarad. Assuming that 50 cycles per second represent
the lowest frequency to be dealt with, the reactance of the con-

6

: 1 10
denser at this frequency is = —318,000 ohms
or 0.318 megohms. 2rfe  2m50x0.01
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Now since R and C are in series, there is only one current
and so the current vector of fig. 17 (b) is drawn in position
first, this being denoted by O-I of arbitrary length.

In the circuit diagram the voltage required to drive the cur-
rent through the condenser is denoted by E, and through the
grid leak by E,. What is required to find is the ratio of E,to E.

Fxa. 17.—Showing interstage coupling and efficiency components with vector diagram.

By Ohm’s law E,= IR volts in phase with I. Its numerical
value cannot be found yet because I is not known, but the
vector O-E, can be drawn parallel to O- and its length made
proportional to the resistance R. Since R is 0.5 mehogms 0-E,
could conveniently be made 5 inches long.

The current taken by the condenser leads the voltage across
it by a quarter of a cycle, and the voltage E, will therefore lag
behind the current by this amount. Hence the vector O-E. is
drawn at right angles to OI in the position shown in fig. 17 (b)
and its length is made proportional to the reactance of the con-
denser to the same scale as O-E,.

Since the condenser reactance at 50 cycles is 0.318 megohm,
O-E . will have to be 3.18 inches using the same scale as before.
Now the total voltage E, across the coupling circuit must be
equal to the vector sum of E, and E,. If the rectangle
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OE, EE, be completed as shown OE will represent the total
available voltage to the same scale.

The length of OFE will clearly be
VOE2+0E 2=+/5+3.182=5.92 inches.

Thus the ratio of E, to E, is -5 o = 0.844 so that 84.49% of

the available signal voltage is passed to the succeeding tube at
50 cycles, which represents quite a high efficiency.

Incidentally the actual value of the voltage E would be
0.592 IX10-¢ volts so that the impedance of the coupling cir-
cuit is 0.592 X10-¢ ohms or 0.592 megohms. It can be shown
that the efficiency of the coupling is equal to its power factor.

Example.—1In a certain two tube receiver the negative grid bias
ts oblained by means of insertion of a 600 ohms resistor between
the high potential and low potential leads. With a tube of 6,500 ohms
a.c. resistance, the grid bias is 7 volt negative. With another tube of
8,000 okms a.c. resistance it is only 4.5 volt negative. If the H.P.
supply s 120 volts, what is the steady anode current in each case?
. Solution.—When filament current is provided by a battery.
it is customary to measure the grid bias voltage from the nega-
tive end of the filament, which is thus assumed to have zero
potential. Fig. 18 shows the essential of the grid biasing arrange-
ment adopted, in which the steady part of the anode cur-
rent, provided by the H.P. battery flows through the biasing
resistance of 600 ohms, while the speech component follows the
low impedance path of the shunting condenser. The filament
end of the resistance F, has evidently a more positive potential
than the grid end G, which is connected directly to the negative
end of the battery. G, is thus biased negatively with regard to
F, and since this last has zero potential, G may be properly
regarded as being so many volts negative with respect to F.




e S i e e e e — e
Radio Fundamentals & Ohm’s Law 55

By Ohm’s law the steady current 7 , in amperes, is given by
the quotient —g— where E is the potential drop or bias voltage
and R the resistance in ohms. In the case of the first tube,
therefore,

I=—gl—=0.0117 amperes = 11.7 milliamperés

with the second tube
I=%=0.0075 amperes =7.5 milliamperes

In neither case has the ag.c. anode resistance anything to do
with the problem.

=HP
+
—=—alP
i =aLP
[ —
SHP
F16. 18.—Sch ic arr of components, f »”

Problem.—1In order to measure the resistance of a grid leak,
a 200-volt meter of 980 ohms per volt resistance is employed n
conjunction with a dry battery. The direct voltage reading of the
battery 1s 144 volts, but if the grid leak be included in the circuit,
the reading drops to 24 volts. What is the vciue of the leak?

Solution.—This is quite a good method of ascertaining the
approximate value of the grid leak or similar large resistance if
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a reliable high resistance voltmeter be available. The meter re-
gistance in ohms per volt is usually quoted by the manufacturer,
but if not, it can readily be calculated by the simple expedient of
measuring the current taken by it in order to produce a given
deflection and applying ohms law.

In this case, since the meter is scaled for 200 volts, its
resistance will be 200 X980 or 196,000 ohms. First let us denote
the unknown value of the grid leak by (R) ohms. Then, when
the voltmeter is connected to a battery through R, the circuit
will appear asshown in fig. 19. Now since the battery resistance

BATTERY

,'l[l]l]lll!l]l———t

SW.

Fro. 19.—Circuit arrangement for approximate determination of grid leak values.

may be assumed negligible in comparison with the other re-
sistance in the circuit, we may regard the voltage drop of the
battery when measured directly by the meter as equivalent to
the e.m.f. in the circuit illustrated. The current flowing will
therefore be:
[= E 144
total res. 196,000+ R 2mperes
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Now it is known that this current flowing through the volt-
meter causes it to register a deflection of 24 volts, which is the
IR drop across its terminals, but this IR drop is also given
by the product of the current flowing and the meter resistance,
s0 it may be written:

144
(19—6’ OOO—+R>196,000 ~24
Solving this equation for R, we may write
24(196,000+ R) = 144 % 196,000
from which follows that
24R =120x196,000 or
R =980,000 ohms

Example.— Assuming that the galvanometer on page 40 is to be
used as an ammelter reading currents up to 2 amperes, how should
1t be connected?

Solution.—Without any changes the instrument is a direct
reading milli-ammeter with full scale reading when 40 milli-
amperes passes through it. To measure higher currents, this
extra current is simply passed through a resistance inserted in
parallel with the meter. This resistance must be of such value
that when 2 amperes flows in the main circuit, only 0.04 amperes
flows through the galvanometer. If R,, I,, R., I, represent the
resistance and current in the galvanometer and parallel resist-
ance respectively, then, since the potential drop across both the
galvanometer and the parallel resistance are the same, it is
obtained as follows:

R, XI,=R,XI, and since R, is the only unknown, by sub-

stitution
R _RXI,_15x0.04
! I, " 2-0.04

or 0.306 ohms,
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which is the value of the resistance 10 be shunted across the
instrument to enable measurements of currents up to 2 amperes.

Example.—What is the maximum direct current that may be
sent through a 50,000 ohms resistance rated at 20 walls, without
over-healing?

Solution.—The power loss in watts when a direct current of I
amperes passes through a resistance of R, ohms is given by the
formula I?R, with regard to the above example in which R is
50,000 ohms and the power loss is 20 watts, it follows that

20 = *X 50,000 or pf_—z’—;(ﬁ

hence

I =% ampere or 20 milli-amperes.

Example.—If in an alternating current circuit the following
readings are obtained, watls 10, current 125 M A, and voltage 100,
what is the power faclor and the angle between the current ang
vollage?

Solution.—In an alternating current of pure sine wave form
the power in watts will be equal to voltage times current times
cos O or in equation form W =E X I xcos 0 in which

W is the power in watts, E the pressure in volts.

I the current in amperes and 0 the angle of lag or lead be-
tween the current and voltage, or in the above example
10=100x0.125xcos 0

10
from which cos 0=F5=0'8 from this it follows that the
angle between the current and the voltage is 60°.
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CHAPTER 4

Review
Questions and Answers

What is meant by an ‘“A”’ power supply?

Ans. A power supply device providing heating current for
the cathode of a vacuum tube.
What is an alternating current?

Ans. A current, the direction of which reverses at regularly
recurring intervals, the algebraic average value being zero.
What is meant by amplification factor?

Ans. A measure of the effectiveness of the grid voltage rela-
tive to that of the plate voltage in affecting the plate current.
Describe an amplifier.

Ans. A device for increasing the amplitude of electric cur-
rent, voltage or power, through the control by the input power
of a larger amount of power supplied by a local source to the
output circuit.

What is an anode?
Ans. An electrode to which an electron stream flows.
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What is an antenna?

Ans. A conductor or a system of conductors for radiating or
receiving radio waves.

What is meant by the term atmospheries?

Ans. Strays produced by atmospheric conditions.

Describe what is meant by attenuation.

Ans. The reduction in power of a wave or a current with
incteasing distance from the source of transmission.

What is the approximate length of audio frequency waves?

Ans. A frequency carresponding to a normally audible
sound wave. The upper limit ordinarily lies between 10,000 and
'20,000 cycles per second.

What is an audio frequency transformer?

Ans. A transformer for use with audio frequency currents.

What is meant by autodyne reception?

Ans. A system of heterodyne reception through the use of
a device which is both an oscillator and a detector.

Describe an automatic volume control device.

Ans. A self-acting device which maintains the output con-
stant within relatively narrow limits while the input voltage
varies over a wide range.




_ Review Questions and Answers 61

-

What is meant by a ‘‘B** power supply?

\

Ans. A power supply connected in the plate circuit of a
vacuum tube.

Describe and give the function of a ‘‘Baffle.”

Ans. A partition which may be used with an acoustic radi-
ator to impede circulation between front and back.

Describe a band-pass filter.

Ans. A filter designed to pass currents of frequencies within
a continuous band limited by an upper and a lower critical or.
cut-off frequency and substantially reduce the amplitude of
currents of all frequencies outside of that band.

What is meant by the term ‘‘Beat”?

Ans. A complete cycle of pulsations in the phenomenon of
beating.

What is meant by beat-frequency?

Ans. The number of beats per second. This frequency is
-equal to the difference between the frequencies of the combining
waves.

What is meant by the term beating?

Ans. A phenomenon in which two or more periodic quanti-
ties of different frequencies react to produce a resultant having .
pulsations of amplitude.

What is meant by broadcasting?
Ans. Radio transmission intended for general reception.
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Describe a by-pass condenser.

Ans. A condenser used to provide an alternating current
path of comparatively low impedance around some circuit
element.

What is meant by a ‘‘C” power supply?

Ans. A power supply device connected in the circuit be-
tween the cathode and grid of a vacuum tube so as to apply a
grid bias.

What is meant by a capacity coupling?

Ans. The association of one circuit with another by means
of capacity common or mutual to both.

Describe a carbon microphone.

Ans. A microphone which depends for its operation upon
the variation in resistance of carbon contacts.

Describe the meaning of the term carrier.

Ans. A term broadly used to designate carrier wave, carrier
current or carrier voltage.

What is meant by carrier frequency?
Ans. The frequency of a carrier wave.

What is meant by carrier-suppression?

Ans. That method of operation in which the carrier wave is
not transmitted.
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What is a carrier wave?

Ans. A wave which is modulated by a signal and which en-
ables the signal to be transmitted through a specific physical
system.

What is a cathode?
Ans. The electrode from which the electron stream flows.

Describe and give the function of a choke coil.

Ans. An inductor inserted in a circuit to offer relatively
large impedance to alternating current.

Describe a condenser loud speaker.

Ans. A loud speaker in which the mechanical forces result
from electrostatic reactions.
Describe a condenser microphone.

Ans. A microphone which depends for its operation upon
variations in capacitance.

What is meant by continuous waves?

Ans. Continuous waves are waves in which successive cycles
are identical under steady state conditions.

Define the meaning of Conversion transconductance.

Ans. The ratio of the magnitude of a single beat-frequency
component (f,4f,) or (f;—f.) of the output current to the mag-
nitude of the input voltage of frequency f, under the conditions
that all direct voltages and the magnitude of the second input
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alternating voltage f, must remain constant. As most pre-
cisely used, it refers to an infinitesimal magnitude of the
voltage of frequency f;.

Describe a converter generally as applied to super-heterodyne
receivers.

Ans. A converter is a vacuum tube which performs simul-
taneously the functions of oscillation and mixing (first detec-
tion) in a radio receiver.

What is meant by coupling?

Ans. The association of two circuits in such a way that
energy may be transferred from one to the other.

What is meant by cross modulation?

Ans. A type of intermodulation due to modulation of the
carrier of the desired signal in a radio apparatus by an unde-
sired signal.

What is meant by current amplification?

Ans. The ratio of the alternating current produced in the
output circuit of an amplifier to the alternating current supplied
to the input circuit for specific circuit conditions.

What is a cycle?

Ans. One complete set of the recurrent values of periodic
phenomenon.

_What are damped waves?

Ans. Waves of which the amplitude of successive cycles at
the saurce, progressively diminishes.




e S iR, b R

Review Questions and Answers 65

What is a decibel?

Ans. The common transmission unit of the decimal system,
equal to 1/10 bel.

E I
1 bel =2 long: =2 Iogm—f
What is meant by detection?

Ans. Any process of operation on a modulated signal wave
to obtain the signal imparted to it in the modulation process.

What is a detector?

Ans. A device which is used for operation on a signal wave
to obtain the signal imparted:to it in the modulation process.

Describe a diode vacuum tube.

Ans, A type of thermionic tube containing two electrodes
which passes current wholly or predominantly in one direction.

What is meant by direct capacitance (C) between two con-
ductors?

Ans. The ratio of the charge produced on one conductor by
the voltage between it and the other conductor divided by this
voltage, all other conductors in the neighborhood being at the
potential of the first conductor.

What is meant by direct coupling?
Ans. The association of two circuits by having an inductor,

a condenser, or a resistor common to both circuits.
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What is a direct current?

Ans. An unidirectional current. As ordinarily used, the
term designates a practically non-pulsating current.

Describe what is meant by distortion.

Ans. A change in wave form occurring in a transducer or
transmission medium when the output wave form is not a faith-
ful reproduction of the input wave form.

What is meant by double modulation?

Ans. The process of modulation in which a carrier wave of
one frequency is first modulated by the signal wave and is then
made to modulate a second carrier wave of another frequency.

Describe an R.C.A. dynamic amplifier.

Ans. This is a variable gain audio amplifier, the gain of
which is proportional to the average intensity of the audio sig-
nal. Such an amplifier compensates for the contraction of
volume range required because of recording or transmission
line limitations.

What is meant by the dynamic sensitivity of a phototube?

Ans. The alternating.current response of a phototube to a
pulsating light flux at specified values of mean light flux, fre-
quency of pulsation, degree of pulsation, and steady tube
voltage.

‘What is an electro-acoustic transducer?

Ans. A transducer which is actuated by power from an
electrical system and supplies power to an acoustic system or
vice versa.
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"Describe what is meant by electron emission.

Ans. The liberation of electrons from an electrode into the
surrounding space. In a vacuum tube it is the rate at which
the electrons are emitted from a cathode. This is ordinarily
measured as the current carried by the electrons under the in-
fluence of a voltage sufficient to draw away all the electrons.

What is an electron tube?

Ans. A vacuum tube evacuated to such a degree that its
electrical characteristics are due essentially to electron emission.
What is meant by emission characteristics?

Ans. A graph plotted between a factor controlling the emis-
sion (such as the temperature voltage or current of the cathode)
as abscissas, and the emission from the cathode as ordinates.

What is meant by facsimile transmission?

Ans. The electrical transmission of a copy or reproduction
of a picture, drawing or document. This is also called picture
transmission.

What is fading?

Ans. The variation of the signal intensity received at a given
location from a radio transmitting station as a result of changes
occurring in the transmission path.

What is meant by fidelity?

Ans. The degree to which a system, or a portion of a system,
accurately reproduces at its output the signal which is impressed
upon it.
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What is a filament?

Ans. A cathode in which the heat is supplied by current
Dassing through the cathode.

Generally define and give the function of a filter.

Ans. A selective circuit network,. designed to pass cirrents
within a continuous band or bands of frequencies or direct cur-
rent, and substantially reduce the amplitude of currents of un-
desired frequencies.

What is meant by the term frequency?

Ans. The number of cycles per second.

Describe a full-wave rectifier.

Ans. A double element rectifier arranged so that current is
allowed to pass in the same direction to the load circuit during
each half cycle of the alternating current supply, one element
functioning during one-half cycle and the other during the
next half cycle, and so on.

What is meant by fundamental frequency?

Ans. The lowest component frequency of a periodic wave or
quantity.

What is meant by fundamental or natural frequency of an
antenna?

Ans. The lowest resonant frequency of an antenna; without
added inductance or capacity.
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What is a gas phototube?

Ans, A type of phototube in which a quantity of gas has
been introduced usually for the purpose of increasing its
sensitivity.

What is a grid?

Ans. An electrode having openings through which electrons
or ions may pass.

What is meant by grid bias?
Ans. The direct component of the grid voltage.

‘What is a grid condenser?

Ans. A series condenser in the grid or control circuit of a
vacuum tube.

‘What is a grid leak?

Ans. A resistor in a grid circuit, through which the grid
current flows, to affect or determine a grid bias.
What is meant by the grid-plate transconductance?

Ans. The name for the plate current to grid voltage trans-
conductance. This has also beemnr called mutual conductance.

Describe a ground system of an antenna.

Ans. That portion of the antenna system below the antenna
loading devices or generating apparatus most closely associated
with the ground and including the ground itself.
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What is a ground wire?

Ans. A conductive connection to the earth.

Describe a half-wave rectifier.

Ans. A rectifier which changes alternating current into
pulsating current, utilizing only one-half of each cycle.

3

What is meant by a harmonic?

Ans. A component of a periodic quantity having a fre-
quency which is an integral multiple of the fundamental fre-
quency. For example, a component the frequency of which is
twice the fundamental frequency is called the second harmonic.

Describe a heater.

Ans. Anelectrical heating element for supplying heat to an
indirectly heated cathode.
Describe heterodyne reception.

Ans. The process of receiving radio waves by combining in
a detector a received voltage with a locally generated alternat-
ing voltage. The frequency of the locally generated voltage is
commonly different from that of the received voltage. Hetero-
dyne reception is sometimes called beat reception.

What is meant by iomodyne reception?

Ans. A system of reception by the aid of a locally generated
voltage of carrier frequency. Homodyne reception is some-
times called zero-beat reception.
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Describe an expansion type hot-wire ammeter.

Ans. An ammeter dependent for its indications on a change
in dimensions of an element which is heated by the current to be
measured.

What is meant by an indirectly heated cathode?

Ans. A cathode of a thermionic tube in which heat is sup-
plied from a source other than the cathode itself.
Describe an induction loud speaker.

Ans. It is a moving coil loud speaker in which the current
which reacts with the polarizing field is induced in the moving
member.

What is meant by inductive coupling?

Ans. The association of one circuit with another by means
of inductance common or mutual to both.
What is meant by interelectrode capacitance?

Ans. The direct capacitance between two electrodes.

Describe what is meant by interference.

Ans. Disturbance of reception due to strays, undesired sig-
nals, or other causes; also that which produces the disturbance.

What is meant by intermediate frequency in superheterodyne
reception?

Ans. A frequency between that of the carrier and the sig-
nal, which results from the combination of the carrier frequency
and the locally generated frequency.

i
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What is meant by intermodulation?

Ans. The production in a non-linear circuit element, of
frequencies corresponding to the sums and differences -of the
fundamentals and harmonics of two or more frequencies which
are transmitted to that element.

Describe what is meant by interrupted continuous waves.
Ans. These are waves obtained by interruption at audio
frequency in a substantially periodic manner of otherwise con-
tinuous waves.
What constitutes an ion?
Ans. It is an atom or molecule having an electrical charge
either positive or negative.
What does the term ““kilocycle” stand for?

Ans. When used as a unit of frequency, it is one-thousand
eycles per second.

Describe a lead-in.

Ans. That portion of an antenna system which completes
the electrical connection between the elevated outdoor portion
and the instruments or disconnecting switches inside the build-
ing.

What is meant by linear detection?

Ans. That form of detection in which the audio output
voltage under consideration is substantially proportional to the
modulation envelope throughout the useful range of the de-
tecting device.
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Describe and give the function of a loading coil.

Ans. Aninductor inserted in a circuit to increase its induc-
tance but not to provide coupling with any other circuit.
What is generally meant by a loud speaker?

Ans. A telephone receiver or apparatus designed to radiate
acoustic power into a room or open air.
What is meant by a magnetic loud speaker?

Ans. One in which the mechanical forces result from mag-
netic reactions.

What is a magnetic microphone?

Ans. A microphone whose electrical output results from the
motion of a coil or conductor in a magnetic field.
Describe a master oscillator.

Ans. An oscillator of comparatively low power so arranged
as toestablish the carrier frequency of the output of an amplifier.
How many cycles per second is one megacycle?

Ans. When used as a unit of frequency, it is one million
cycles per second.

Describe a mercury-vapor rectifier.

Ans. A mercury-vapor rectifier is a two electrode, vacuum-
tube rectifier whic¢h contains a small amount of mercury. Dur-
ing ‘operation, the mercury is vaporized. A characteristic of
mercury-vapor rectifiers is the low voltage drop in the tube.
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Describe a microphone.

Ans. A microphone is an electro-acoustic transducer actu-
ated by power in an acoustic system and delivering power to an
electric system, the wave form in the electric system correspond-
ing to the wave form in the acoustic system. This is also called
a telephone transmitter.

What is generally undeistood by a ‘‘Mixer tube’’ in super-
heterodyne receivers?

Ans. A mixer tube is one in which a locally generated fre-
quency is combined with the carrier signal frequency to obtain
a desired beat frequency.

What is a modulated wave?

Ans. A wave of which either the amplitude, frequency ot
phase is varied in accordance with a signal.
Describe what is meant by modulation.

Ans. Modulation is the process in which the amplitude,
frequency or phase of a wave is varied in accordance with a sig-
nal, or the result of that process.

Describe what is meant by monochromatic sensitivity.

Ans. The response of a phototube to light of a given color,

or narrow frequency range.

What is a moving-armature speaker?

Ans. A magnetic speaker whose operation involves the vi-
bration of a portion of the ferromagnetic circuit. This is
sometimes called an electromagnetic or a magnetic speaker.
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Describe a moving coil loud speaker.

in which the mechanical forces are developed by the interaction
of currents in a conductor and the polarizing field in which it is
located. This is sometimes called an electro-dynamic or a
dynamic loud speaker.

What is meant by Mu-factor?

Ans. A measure of the relative effect of the voltages on two
electrodes upon the current in the circuit of any specified elec-
trode. It is the ratio of the change in one electrode voltage to
a change in the other electrode voltage, under the condition
that a specified current remains unchanged.

What is an oscillator?

Ans. A non-rotating device for producing alternating cur-
rent, the output frequency of which is determined by the char- -
acteristics of the device.

Describe an oscillatory circuit.

Ans. A circuit containing inductance and capacitance, such
that a voltage impulse will produce a current which periodically
reverses.

Ans. A moving coil loud speaker is a magnetic loud speaker
|
\
\
\
' Describe a pentode tube.
|
|

Ans. A type of thermionic tube containing a plate, a cath.
ode, and three additional electrodes. Ordinarily the three addi-
"tional electrodes are of the nature of grids.
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What is meant by percentage modulation?

Ans. The ratio of half the difference between the maximum
and minimum amplitudes of a modulated wave to the average
amplitude, expressed in per cent.

Describe a phonograph pickup.

Ans. Anelectro-mechanical transducer actuated by a phon-
ograph record and delivering power to an electrical system, the
wave form in the electrical system corresponding to the wave
‘form in the phonograph record.

What is a phototube?

Ans. A vacuum tube in which electron emission is produced
by the illumination of an electrode. This has also been called
photoelectric tube.

What is meant by the plate in a vacuum tube?

Ans. A common name for the principal anode.

Describe what is meant by power amplification of an amplifier.

Ans. The ratio of the alternating current power produced in
the output circuit to the alternating current power supplied to
the input circuit.

What is meant by power detection?

Ans. That form of detection in which the power output of
the detecting device is used to supply a substantial amount of
power directly to a device such as a loud speaker or recorder.
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Describe whai is meant by pulsating current.

Ans. A periodic current, that is, current passing through
successive cycles, the algebraic average value of which is not
zero. A pulsating current is equivalent to the sum of an alter-
nating and a dijrect current.

What is a push-pull microphone?

Ans. One which makes use of two functioning elements 180
degrees out of phase.

Define the term radio-channel.

Ans. A band of frequencies or wave-lengths of a width suffi-
cient to permit of its use for radio communication. The width
of a channel depends upon the type of transmission.

What is a radio compass?
Ans. A direction finder used for navigational purposes.

Describq what is meant by radio frequency.

Ans. A frequency higher than those corresponding to nor-
mally audible sound waves.
What is a radio-frequency transformer?_

Ans. A transformer for use with radio-frequency currents.

What is a radio receiver? °

Ans. A device for converting radio waves into perceptible
signals.
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Describe what is meant by radio transmission.

Ans. The transmission of signals by means of radiated elec~
tro-magnetic waves originating in a constructed circuit.

What is a radio transmitter?

Ans. A device for producing radio-frequency power, with
means for producing a signal.

Describe a rectifier.

Ans. A device having an asymmetrical conduction charac-
teristic which is used for the conversion of an alternating cur-
rent into a pulsating current. Such devices include vacuum-
tube rectifiers, gas rectifiers, oxide rectifiers, electrolytic recti-
fiers, etc.

What is meant by a Reflex circuit arrangement?

Ans. A circuit arrangement in which the signal is amplified,
both before and after detection. in the same amplifier tube or
tubes.

Describe what is meant by regeneration.

Ans. The process by which a part of the output power of an
amplifying device reacts upon the input circuit in such a manner ™
as toreinforce the initial power, thereby increasing the amplifica-
tion. This is sometimes called “‘feedback’’ or ‘‘reaction”

What is a resistance coupling?

Ans. The association of one circuit with another by means
of resistance common to both.
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What is meant by the term “‘resonance frequency’’ of a reactive
circuit?

Ans. The frequency at which the supply current and supply
voltage of the circuit are in phase.

Describe a rheostat.

Ans. A resistor which is provided with means for readily:
adjusting its resistance.

What is the function of the screen grid in a vacuum tube?

Ans. A screen grid is a grid placed batween a contro] grid
and an anode, and maintained at a fixed positive potential, for
the purpose of reducing the electrostatic influence of the anode
in the space between the screen grid and the cathode.

What is secondary emission?

Ans. Electron emission under the influence of electron or ion
bombardment.

What is meant by the term selectivity?

Ans. The degree to which a radio receiver is capable of
differentiating between signals of different carrier frequencies.
What is meant by sensitivity?

Ans. The degree to which a radio receiver responds to sig-
nals of the frequency to which it is tuned.

Describe sensitivity as applied to the photo-electric tube.

Ans. The electrical current response of a phototube with no
impedance in its external circuit, to a specified amount and kind
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of light. It is usually expressed in terms of the current for a
given radiant flux, or for a given luminous flux. In general the
sensitivity depends upon the tube voltage, flux intensity, and
spectral distribution of the flux.

What is meant by the term “‘service band”?

Ans. A band of frequencies allocated to a given class of radio
communication service.

What is meant by the term ‘‘side band’’?

Ans. The bands of frequencies, one on either side of the
carrier frequency, produced by the process of modulation.

What is a signal?

Ans. The intelligence, message or effect conveyed in com-
munication.

Describe what is meant by single-side band transmission.

Ans. That method of operation in which one side band is
transmitted, and the other side band is suppressed. The car-
rier wave may be either transmitted or suppressed.

What is static?
Ans. Strays produced by atmospheric conditions.

What is meant by the static sensitivity of a phototube?

Ans. The direct current response of a phototube to a light
flux of specified value.
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Describe a stopping condenser.

Ans. A condenser. used to introduce a comparatively high
impedance in some branch of a circuit for the purpose of limiting
the flow of low-frequency alternating current or direct current
without materially affecting the flow of high frequency alter-
nating current.

What is meant by the term “‘strays”?

Ans. Electromagnetic disturbances in radio reception other
than those produced by radio transmitting systems.

Describe superheterodyne reception.

Ans. Superheterodyne reception is & method of reception in
which the received voltage is combined with the voltage from a
local oscillator and converted into voltage of an intermediate
frequency which is usually amplified and then detected to re-
produce the original signal wave. This is sometimes called
double detection or supersonic reception.

What is meant by the term “‘swinging’’?
Ans. The momentary variation in frequency of a received.
wave,

Describe a telephone receiver.

Ans. Anelectro-acoustic transducer actuated by power from
an electrical system and supplying power to an acoustic system,
the wave form in the acoustic system corresponding to the wave
form in the electrical system.
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What is television?

Ans. The electrical transmission of a succession of images
and their reception in such a way as to give a substantially con-
tinuous reproduction of the object or scene before the eye of a
distant observer.

Describe a tetrode vacuum tube.

Ans. A type of thermionic tube containing a plate, a cath-
ode, and two additional electrodes. Ordinarily the two addi-
tional electrodes are of the nature of grids.

What is meant by the term thermionic?

Ans. It is a term relating to electron emission under the
influence of heat.

Describe what is meant by thermionic emission.
Ans. Electron or ion emission under the influence of heat.

Describe a thermionic vacuum tube.’

Ans. An electron tube in which the eléctron emission is pro-
duced by the heating of an electrode.

How does a thermo-couple ammeter operate?

Ans. An ammeter dependent for its indications on the
change in thermo-electro-motive force set up in a thermo-
electric couple, which is heated by the current to be measured,

What is meant by the term ‘‘total emission®’?

Ans. The value of the current carried by electrons emitted
from a cathode under the influence of a voltage such as will draw
away all the electrons emitted.
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What is meant by transconductance?

Ans. The ratio of the change in the current in the circuit of
an electrode to the change in the voltage on another electrode,
under the condition that all other voltages remain unchanged.

Describe a transducer.

Ans. A device actuated by power from one system and sup-
plying power to another system. These systems may be elec-
trical, mechanical or acoustic.

What is a transmission unit?

Ans. A unit expressing the logarithmic ratios of powers,
voltages, or currents in a transmission system.

Describe a triode vacuum tube.

Ans. A type of thermionic tube containing an anode, a
cathode, and a third electrode, in which the current flowing
between the anode and the cathode may be controlled by the
voltage between the third electrode and the cathode.

Describe a tuned transformer.

Ans. A transformer whose associated circuit elements are
adjusted as a whole to be resonant at the frequency of the alter-
nating current supplied to the primary, thereby causing the
secondary voltage to build up to higher values than would
otherwise be obtained.

What is tuning?

Ans. The adjustment of a circuit or system to secure opti-
mum performance in relation to a frequency; commonly, the
adjustment of a circuit or circuits to resonance.

+

E————
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What constitutes a vacuum?

Ans. Vacuum is absolutely nothing, if we can conceive of
such a thing. The degree of vacuum is measured in microns,
one micron represents one-millionth part of the usual atmos-
pheric pressure which is approximately 14.7 pounds per square
inch. Thus a perfect vacuum would be zero microns; such a
state is however only a theoretical ideal that can never be real-
ized even with the most perfect laboratory technique.

Describe a vacuum phototube.

Ans. A type of phototube which is evacuated to such a
degree that the residual gas plays a negligible part in its oper-
ation.

What is a vacuum tube?

Ans. A device consisting of a number of electrodes contained
within an evacuated enclosure.

What is a vacuum tube transmitter?

Ans. A radio transmitter in which vacuum tubes are utilized
to convert the applied electric power into radio-frequency
power,

Describe a vacuum tube volt-meter.

Ans. A device utilizing the characteristics of a vacuum tube
for measuring alternating voltages.

Define voltage amplification.

Ans. The ratio of the alternating voltage produced at the
output terminals of an amplifier to the alternating voltage im-
pressed at the input terminals.
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CHAPTER 5

Radio Batteries

There may be confusion in the minds of some as to batteries
80 a classification of types and functions will be helpful, par-
ticularly to the novice.

Radio batteries may be classified according to the three ele-
ments of the vacuum tube which they serve, as -

“A” battery
“B” battery
“C” battery

The three elements of the common vacuum tube, filament,
plate and grid are often designated by the letters A, BandC.

The order in which the letters are assigned corresponds to
the historical development of the tube.

The heated filament is comparatively an old device and the
battery which lights it is known as the Jilament ballery or “A’
battery.

The plate was the second element to be invented and any
battery used in the plate circuit is a “B” battery.

A later invention is the grid and the battery in the grid cir~
cuit is termed a “C” battery.

The Bbattery, connected in the plate circuit, maintains the plate at proper

pressure and supplies the energy which operates the head phones or loud
speaker.
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“The length of the period of satisfactory results, however, depends uport
the quality of the battery. No battery can give out more than is put into
it. That is why extreme care should be taken in the selection of B batteries,
in order to secure the best results possible from radio. All B batteries_ of
standard makes when fresh will measure up to the required voltage and give
equal results at the start, but the initial voltage does not indicate the length
of its useful life, whichi in a 45 volt battery ends after it drops below 34 volts.

FILAMENT PLATE

GRID

F1c. 1.—Hydrostatic analogy illustrating function of the grid. Consider a U tube at tha
bovtom center of which is placed a pet cock and in one side of which with the pet cock closedt
is placed a quantity of mercury. If this pet cock be opened wide, the mercury will immedi-
ately seek its own level, that is, the same ‘smount of ‘mercury by weight will flow up into
the other side,of the U tube, and after oscillating for a few moments in an attempt to seek
alevel, it will come to rest. In the case of the'vacuum tube, the flow of this mercury which
is the electron flow from the filament is controlled by means of the grid which is the pet cock at
the bottom of the U tube, to the plate which is the other side of the U tube.

NOTE.—The discriminatiny radio set purchaser is primarily interested in tone quality
that is, the undistorted reproduction of the voice or.instrumental music. Many factors govern:
tone quality. Thecare used in the adjustment of the transmitting apparatus at the broadcast
station and the sacientific placement of the pick up microphone, as related to the acoustical

jes in the studio have a direct bearing on‘the tone quality of the broadcast program.
The engineering design of the receiving set, together with the care used in its construction, are
factors of considerable importance. The proper selection of the parts entering into the set;
the scientific balance between the related parts are equally important;
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A Battery. '

This battery performs one specific function, that of
heating the filament in the vacuum tube. If, for any
reason this A battery be low in voltage, there will be a
consequent low rate of electron emissions and the re-
ceiving set will not operate satisfactorily.

B Battery. .

This battery performs two specific functions in a
receiving set. It insures a positive pressure on the plate
of the tube to which the negative electrons which are

tted from the filament may flow and improves the
quality of reception, - ' :

C Battery. - 3
< This battery functions as a governor on the_grid.or
control device to retard of accelerate the flow of elec-
tréns from the filament to the plate. By so doing, the
C battery permits a correct volume of electrons to flow
from filament to plate thus controlling the plate cur-
rent. which flows from plate to filament and allows the
tube to be operated on the straight portion of the curve
which insures quality reception. .

Testing Radio Batteries.—Much of the service life of dry cell
B batteries in radio receiving sets depends on the conditions of
use together with the type and number of tubes.

The term service hours is the total time that a battery will
deliVer the necessary current before it must be discarded from
the set as being no longer useful. High service hours are,
therefore, necessary for economical operation.

Service hour tests are made by discharging batteries under
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various conditions, usually through a constant resistance orat
a constant current rate. The latter test is made by maintain-
ing a constant current in the battery by means of an adjustable
resistance. This type of test can be either continuous or inter-
mittent with periods of rest between discharges.

The intermittent test represents the service of a battery under
usual broadcast listening use. '

1000
800 \ AN

g “\\- \. |
s [ -f

A 2

sz o)

o 0 20 30 40
Milliamperes Current
F1a, 2.—Diagram of service hours at various currents from tests made on Burgess dry

batteries. Discharge based on intermittent service of 2 hours per day to an end voltage of
17 volts for a 2214 volt battery. ~
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To determine the expected service hours of a B battery, it is only neces-
sary to determine the average current drain on the battery and then pick
off the service hours from curves fig. 2. In a receiving set however,
it is almost impossible to estimate the plate current accurately as it is
affected by the various constants of the receiving set itself. The. only
correct way to determine this current is by measuring it with a milli-am-
meter, and this method is recommended not only to determine the battery
drain but as a means of checking the installation in the receiving set and
of adjusting the various tube voltages.

The milli-ammeter offers a convenient method of testing the plate and
grid battery conditions as well as checking the current drain of the set.
When strong signals are received with the set, there should not be a fluctua-
tion of the milli-ammeter pointer. A noticeable fluctuation indicates

F1G. 3.~~Weston plate orgrid milli-ammeter for measuring the plate current of vacaumtubes.
It will give a deflection for steady or pulsating direct current and will indicate the average
value of a pulsating current. Superimposed upon the steady plate current is the current due
to the modulation which is an alternating current and will cause the total plate current to
be a pulsating current varying at the same frequency as the modulation current. The mil)
ammeter will again indicate the average value of this current and if the tube e working aa ..
point where it rectifies, this average value will not be the same as the value: of the unmodu-
lated steady plate current and therefore fluctuate with the modulation. For perfect repro-
duction, amphfying tubes should not rectify and no variation in the indication of the milli-
ammeter should occur. In practice however, on account of the properties of vacuum tubes,
some rectification will result, but by properly adjusting the grid bias. a minimum fluctua-
tipn in the plate current may be obtaned consistent with good quality and volume.
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improper B or C battery voltages or both. When the C battery voltage is too low there will be a fluc-

tuation of the needle toward zero with strong signals.

In case the milli-ammeter hand vary up the scale, too low a B battery voltage is indicated. Erratic

fluctuations indicate too low. B and C battery voltages.

The current at the installation of new batteries with a high voltage will be higher
than the average current. Experience shows that the average current is about. 159,
lower than the initial current.
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For example if the initial current be 20 milli-amperes, the average can be
estimated as being 17 milli-amperes. This figure then, is used to determine
the approximate service hours from the curves, fig. 2.

Either a hydrometer or a volt meter or both together may be
used to test storage batteries. The hydrometer gives an indica-
tion of the specific gravity or unit weight of the acid solution
in the battery. The specific gravity gives a good indication
of the charge in the battery.

Specific Gravity
(Table refers to Westinghouse Batleries)

Type of Battery AtFull Charge At Discharge
All BRO and OB Batteries........... AB0D00 1.285 1.100
24-RG-2 Battery.............. 0600060000000 1.225 1.160

22LG-2.....iviiiieiaiininn e coee 1240 1.165

hydrometer and volt meter tests: v

A Batteries.—A hydrometer reading of 1.285* indicates a fully charged
battery; 1.100 indicates a discharged battery.

B Batteries.—Small special B battery hydrometers are now obtainable
and their use is entirely satisfactory. B batteries are charged and dis-
charged at the gravities given in the accompanying specific gravity table.
Do not take a hydrometer reading immediately after adding distilled water
to the battery. Such a reading would be incorrect as the water will float
on the acid solution. No accurate reading can be obtained until charging
has mixed the water with the acid. The hydrometer reading will be a
correct indication of the battery charge so long as none of the acid is spilled
and occasional overcharges are given. Be sure to replace the acid in the
same cell it was taken from for test.

!

|

|

|

)

The following instructions are given by Westinghouse for

*NOTE.—Occasionally during the life of a battery, a cell may read as low as 1.260 instead
©0f 1.285. No harm will be done if the cell do not continue to decrease in gravity. Different
gravities are used to obtain different resilts. Where a compact battery is desired acid space is
limited and a high gravity solution (that is one having a high percentage of sulphuric acid) must
be used to obtain the required capacity. Where there is plenty of space and the current re-

‘ quirements are moderate a lower gravity acid is used.
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The table on page 91 gives the specific gravity of different types of
batteries at charge and discharge.

Never add acid or any other substance or solution to the battery, except
distilled water. Recharge batteries as soon as they have reached the dis-
charge points given previously. Do not allow batteries to stand in a
discharged condition. About every fourth charge the batteries should

k16, 5,—Kleartone dry battery with top removed showing what the inside of a 45 voit B
battery looks like. The illustration also shows at the right the one piece seamless zine
cup, and at the left the paper insulator and filter which fits inside it. *

be given an overcharge by leaving them on for two or three hours longer
than necessary. This will insure keeping the plates in such condition as
will enable them to give a maximum of capacity.

If only alternating current be available, a rectifier of some kind to change;

the alternating current into direct current for charging the battery must
be used.
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Volt meter Test.—The individual ceils of any radio battery;

. may be tested by means of a volt meter having a scale reading’

from O to 3.

A Batteries,—The cells are discharged when the voltage drops to 1.8
while the battery is being used at a normal rate, The cells are fully charged
when the voltage averages from 2.4 t0 2.6 for a period of several hours while
the battery is on the charging line at the finish charge rate.

B Batteries,.—The B batteries should be immediately recharged when

F1G, 6.— Willard A power unit and B battery charger. It is a combined trickle charger
ana conventional radio battery charger with a two ampere rate available. This two ampere
rate is held in reserve until such time as it is necessary to compensate for any excessive use
of the receiving set. The battery has visible gravity balls and whenever it is found that the
green ball shows a tendency to sink, the high charge rate should be reso ted to until the bat-
tery again comes back to a normal condition. The balance of the time. of course, the unit will
be used as a straight trickle charger. A double partition is placed between the battery and
charger compartments The charger is of the bulb type.

any cell in the battery has dropped below 2volts. The cells should be kept
on the charging line until the voltage of the cells averages from 2.4 to 2.6
for a period of several hours. Note carefully that voltage readings to de-
termine discharge should be taken while the batteries are being used with
the radio set at a normal rate of discharge. Also note that voltage taken to
indicate a charged condition is taken while the battery is on the charging
line either at its normal rate of charge or at the finish rate if such be recom-
mended.
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A 6 volt battery is not charged when it reads 6 volts and a 24 volt battery
is not charged when it reads 24 volts. A cell in good condition will show
2.1 volts in a few minutes after being put on the charging line and some
cells may show an even higher voltage. Thus a 3 cell battery would show
over 6 volts and a 12 cell battery would show over 24 volts within a few
minutes after being placed on charge. A 6 volt battery should not be taken
off the charging line until it shows about 7.5 volts and a 12 cell battery
should be charged until it shows about 30 volts. If a 6 volt battery be taken
off the line at a voltage of 7.5 volts and allowed to stand idle for several

F1Gs. 7 and 8.— Willard B power unit. The rectifying units consist of 4 jars containing the
electroges. The rectifier is not the conventional lead aluminum type but has one aluminum anc¢
one special electrode in each of the four jars. This special electrode material prevents delay
before going into action that is found where the aluminum lead type of rectifier is used. Var-
iable voltage taps for the detector and amplifier allow close regulation and insure maximum
results from the receiving set. There is a fixed resistance inside of the power udit, held in
fuse clips that looks very similar to a cartridge fuse. This, however, is a special resistor and
should not be replaced.

hours it will show a reading of about 6.3 volts, this is not due to any loss of
charge or any trouble in the cell, but to the escape of gas from the cell and
is a normal process. The voltage of the cell will then gradually decrease
from 2.1 to 1.8 as the battery is discharged through use.
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Itisnecessarytowatchthevolbageoanatteriesmorecloﬂy than on
the A batteries.

The amount that the voltage of a cell drops depends upon the quantity
of current flowing and the resistance of the circuit through which it flows.’
The amount of current drawn from a B battery is small and not enough in
itself to produce much of a voltage drop. The drop in voltage is due rather
to the exhaustion of the plate than to the current flow. The result is that
a cell that reads 2 volts to-day may read only 1 volt to-morrow due to the
absolute exhaustion of the plates.

The voltage of individual cells of the battery should be tested at frequent

Fi1G. 9.Diagram showing method of charging Universal hattery from slternating current
with Universal chemical rectifier; connect B battery chemical rectifier and lamp as shown,
The rectifier must be properly prepared for service by being filled with the chemical solu-
tion before connecting. From 110 volt lines, one or two 24 volt batteries can be charged
from one lamp by connecting the batteries in eeries (positive of one to the negative of the
next). Use only a 25 watt lamp. For 24 volts this gives a charging rate of .083 ampere; for
48 volts it gives a charging rate of .05 amperes.

intervals and the battery recharged if one or more cells be much lower than
therest. In using a volt meter care must be taken to procure an accurate
instrument,
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Charging Radio Storage Batteries.—A battery is not 1009,
efficient, and so in charging it is necessary to put about one
quarter more current into the battery than is taken out.

TO CHARGE FROM
DRECT CURRENT LINE

Fr6. 10.—Diagram showirg method of charging Universal battery from direct current line.
Connect B battery and lamp to the line as shown. The lamp will burn with less than normal
briltiancy when properly connected. If the lamp burn brighter than usual, turn the battery
around. From 32 volt farm lighting plants only one 24 volt B battery can be charged from
one lamp. 48 volt B batteries must be charged half (12 cells) at a time. Useeithera 10 watt
or a 20 watt 32 volt lamp. A 10 watt lamp charges at .1 ampere;-20 watt lamp charges
at .2 ampere. From 110 valt power lines, one, two or three 34 volt batteries can be charged
from one lamp by connecting them in series (positive or one battery to the negative of the
next). For one battery, 24 volts, use a 25 watt lamp. For two batteries, 48 volts, use a 40
watt lamp. For three batteries, 72 volts, use a 60 watt lamp. The charging rate in each case
will be about .2 ampere. “A” radio or automobile batteries can also be charged from direct
current lines which include many small town and all farm lighting plants of 32, 65 and 110
volts. The same “hook up” is used as on the B battery except more and larger wattage lampa
are used. The number and size of lamps depends on voltage of plant and size of battery.

For instance if 80 ampere hours be taken ;rom an 80 ampere hour battery
it will require 100 ampere hours to charge it fully. To do this it will take
fifty hours charging, if the charger have a capacity of 2 amperes or 20 hours
charging with a 5 ampere charger.
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If in doubt as to the kind of current furnished, consult the
electric light company. Batteries can be charged only with
direct current. If the supply be direct current, only a rheostat,
resistance, or lamp bank will be needed to limit the charging
current to the rates given herein. Note that a finish charge
rate is shown for some batteries.

TO SET TO WALL PLUG TO SET
A[" A- OR LAMP sockeT B-B+B¢+
4 ADET }

3

CHARGER "B°ELIMINATOR

F16. 11 —Globe Jewell A-B- relay. This relay is a magnetically operated switch so arranged
that when the filament switch of the radio receiver is off, the trickle charger or A power is
operating to charge the battery. When filament switch is on, the B eliminator is auto-
matically turned on and the trickle charger or A power is cut of. The use of this relay per-
mits control of A power or charger and battery and eliminator by means of one switch regu-
larly provided on the receiver and commonly known as the filament switch. It can be used
in connection with any receiver having four or morg 5 volt tubes. When used in connection
with receivers having ten 201A tubes the total drop through the relay is only 3 volts
which is considerably less than the difference between the battery and the tube voltage. 1f
a standard charger be used, which charges at a relatively high rate, or more than 1 ampere,
it can be left plugged into the relay only until the battery is fully charged. It should then
be disconnected from the relay in order not to overcharge the battery. The relay will then
serve to turn the B eliminator on and off.

It is necessary to reduce the charging rate in some batteries to avoid
overheating them at the end of the charge. Charging the batteries at higher
rates than given is harmful to the plates and shortens the life of the bat-

tery.
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The temperature of the battery must not be allowed to rise over 100°
F., and if more than the slightest degree of warmth be perceptible to the
hand the charge rate should be reduced or discontinued for a while.

Overcharging has a tendency to dislodge the active material from the
plates. Before charging the battery add sufficient distilled water to cover
the plates and separators but do not fill so that the solution touches the
inside of the cover.

Vent plugs must be unscrewed if the charging rate beat all high, but may
be allowed to sit loosely in the vent See that holes in vent plugs are open.

Fic. 12.—Vesta dry rectifier socket power “A* unit trickle.charger.. This unit is built
in giass for clear visibility of all that is going on inside the unit and V{lth‘ tl'xe dry rectifier.
This trickle charger operates through the medium of discs of two dis-similar metals, the
elements being aluminum and copper sulphate. This construction gives contact at three
points maintained under a central spring pressure to obtain efficient contact and eliminate
heat. The low charging rate is .5 and the high rate 13{ amperes. Uses the tuli wave for
rectification. This unit, which included battery of either 4 or 6 volt sizes, has a built in
visible hydrometer. An automatic relay is provided. This relay disconnects the charging
current from the battery when set is turned on and if used with a B socket power unit not
equipped with a relay, automatically connects the B when set is turned on.

A and B radio batteries can be charged in the home with any
one of the many chargers on the market as .

1, Bulb type rectifiers, such as Silver Beauty, Eagle Unitron,
Tungar, Rectigon;

Z. Chemical rectifiers such as Balkite, Universal;
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F10. 13.—Globe Silite trickle charger. This charger uses the new metallic glass element, silite,
adapted to storage batteries preferably not over 60 ampere hour capacity. This combination
will meet the requirements up to six or eight tube sets which are not used on an average of

more than four hours a day. Charges at .6 to .75 ampere rate and may be used with either
4 or 6 volt batteries.

110 VOLT ALTERNATING CURRENT LINE

REGULAR LAMP
SOCKET OR
BASE RECEPTACLE

~A" STORAGE BATTERY
6 VOLTS

Fia. 14.—Diagram showing method of charging A batteries with Willard charger from 110
volt g.c line.
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3. Resistance type from direct current only
(rheostat or bank of lamps).

The charging equipment as specified in 1 and
2 is to be used where alternating current only
is available. Batteries can be charged only from
direct current, and if only alternating current
be available then a rectifier of some type must
be used to change the alternating current to
direct current. If direct current be available
a resistance type 3, is necessary to reduce the
charging rate to that given on the name plate
of battery. These various methods of charging
are shown in the accompanying illustrations.

Fro. 156.—Universal chemical rectifier for charging B batteries from 110 volt alternating current
line. When attached to any electric light circuit B batteries may be charged.

F16. 16.—Set up of batteries, switches and Westinghouse charging apparatus for charging

A and B batteries.




S

Radio Batteries 101

Charging A Batteries.—When the gravity of an A battery
is shown to be low it should be placed on charge. There are
many chargers on the market that are suitable for charging the
A battery and the instructions for the use of this charger
should be followed very closely. In every case the leads will
be marked as to their polarity and the greatest care should be
taken to be sure that the positive lead of the charger goes to the
positive pole on the battery and the negative of the charger
to the negative of the battery. Turn on the charger and if it

F1G..17.—Set up showing connections for charging a 6 volt A battery from 110 volt alternat-
ing current house lighting circuit using Westinghouse Rectigon charger.

have a meter on it showing charge or discharge be sure that
the battery is charging. If the charger do not have a meter, it
is a good policy to note any change in gravity of the electrolyte
by the use of a hydromete;.

If the gravity start to rise, it indicates that the battery is charging.
Charge until all cells gas freely and until the gravity stops rising. This is
found by taking a hydrometer reading. After two hours take another
reading and if the gravity has risen, keep on charging. Continue to take
readings at intervals until the gravity does not show an increase, then the
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Hl\GHOUSF

1 hlll

6. 18.—Set up showing connections for charging a 6 voit A battery from a 32 or 110 voit
direct current line by means of a lamp bank. Adding lamps to the bank will increase the
rharge rate. Using lamps of larger wattage will also increase the charge rate.

{10 VOLT

25 WATT
110 voLr
LAMP

F16. 19.—Set up showing connections for charging 2 B batteries in series from a 110 volt direct
current line. The lamp is shown in the negatxve lead but may be connected in either lead
Not over 3 batteries may be charged in series from a 110 volt line.
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battery is fully charged. The charging leads should be disconnected im-
mediately after the rectifier is shut off, unless a trickle charger is being used.

Before recharging the A battery, its leads to the receiving set should be
removed, otherwise the vacuum tubes are liable to be damaged.

In case direct current be the source of. power, a rectifier is not required
and the battery may be recharged directly from the line by the use of a
lamp banl; that is, a series parallel of lamps in series with the battery as
in fig. 20 It is important when charging from direct current that the

POSITIVE Sy,
110 VOLT or 220VOLT D.C.LINE
NEGATIVE
USE 110.VOLT LAMP FOR 110.VOLT LINE OLg e
USE 220.VOLT LAMP FOR 220.VOLT LINE

e 4 >

40 B
=

0O
i

ADDING MORE LAMPS WiLL
INCREASE CHARGE RATE.
USING LAMPS OF HIGHER
WATTAGE ALSO INCREASES
CHARGE RATE

IT 15 VERY IMPORTANT THAT NEG,
OF CHARGING LINS CONNECTS
WITH NEG. OF BATTERY
AND POS. OF CHARGING LINE TO
POS OF BATTERY

RMINE POLARITY OF LINE PLACK
33.35.'.50 LEADS IN A GLASS OF WATER,
BUBBLES Wilj. RISE FROM THE NEQ. LEAD

“A” STORAGE BATTERY
6 VOLTS

F1g, 20.—Diagram showing method of charging A battery through a lamp bank on 110
or 220 volt d.c. line.

correct polarity of the line be obtained. This may be secured by placing
the leads in a glass of water. Bubbles will arise from the negative lead.
if bubbles arise from both leads, that having the greater number is the
negative lead. It is well after the polarity is found to use some distinguish-

. ing mark for future reference.

If the source of current be 32 volt direct current, the more efficient way
to charge an A battery from the standpoint of current consumption is to
charge it from the lighting plant while the 32 volt battery is being charged
as in fig. 21.




TO GENERATOR
0. P. SWITCH
POSITIVE NEGATIVE:
*| 32 VOLT FARM LIGHTING BATTERY'
o
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o0
-
Z)
D. P. SWITCH

IT IS VERY IMPORTANT THAT NEG.
OF CHARGING LINE CONNECTS
WITH NEG. OF BATTERY
AND POS. OF CHARGING LINE TO
POS. OF BATTERY
TO DETERMINE POLARITY OF LINE PLACE
CHARGING LEADS IN A GLASS OF WATER.
BUBBLES WiLL, RISE FROM THE NEQ. LEAD

LAMP BANK

USE 100 WATT LAMPS (N
PARALLEL~ADJUST BY
ADOING NUMBER OF
LAMPS UNTIL CORRECT
RATE IS OBTAINEO—
ABOUT 3 AMPS FoR ||
EACH. |

CHARGE “A" BAT.
TERY ONLY WHEN
32 VOLT BATTERY

— 1§ BEING CHARGED.
6 VOLT “A* BATTERY

TIOVOITALTERNATING (CURRENT LINE

REGULAR

LAMP os:cxs‘r
LEAD BASE RECEPTACLE
ELECTRODE
40 WATY N
Unp UMINUM
ELEGTRODE
S va J
REOTIFIER
")
WEG. POS.

YA\

Fic. 21.— Diagram showing method of charging A battery from 32 volt farm lighting plant.

FiG. 22.—Diagram showing method of charging B battery using Willard rectifier.

48 VOLTS “p~
STORAGE BATTERY

Where the current source is 110 or 220 volt direct current it is more efficient from a standpoint of cur-
rent consumption to charge A batteries from a motor dynamo than by a lamp bank.

. Ir} most cases however, a motor dynamo of the 110 or 220 d.c. type is not available, and in such cases
it will be necessary to use the lamp bank charging method as shown in fig. 20.
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FILAMENT OF NE P
FILAMENT OF
TuBES TUBES 3
) .
\ NeG! POS, Ni P08 o]
[z o N 80 vouy
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F1c. 23.—Diagram showing charging switch cirtuit for two 48 volt units,
Fic 24 —Diagram showing charging switch circuit for one 80 volt unit using Willard rectifiers.

Charging B Batteries.— - fig, 24. shows how batteries may be charged from 110
volts alternating current by the use of the Willard colloid rectifier. Place this rectifier
in series with a 110 volt lamp as shown in the diagram , being sure that the positive pole
of the battery goes to the aluminum of the rectifier which is plainly marked on the
rectifier and battery. As in recharging an A battery, the B battery leads to the receiv-
ing set should first be removed.
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It is possible to charge only 48 volts of B battery with one
rectifier in series at one time from a 110 volt line. The 80 volt
battery mist be charged in two sections of 40 volts each. If
it be desired to charge two 48 volt units or one 80 volt battery
at the same time, use the scheme of connection shown in fig.

23.— or fig. 24. If three 48 volt units are to be charged at
the same time use either fig. 22— for one of the units and
fig. 23 = for the other two, or three separate hookups as

shown in fig. 22.
: £ POSITIVE
32 VOLT DIRECT CURRENT LINE
S NEGATIVE
O P SWITCH
TO DETERMINE POLAMTY OF LNI.H.AH
CHARGING LEADS IN A GLASS OF WA
BUBSLES WiLL MSE FROM THE NEO. I.m
\ 13 IS VERY IMPORTANT THAT NEG.
O Wit NEG. OF BATTERY i
32.VOLT . LAMP AND POS. OF CHARGING LINE TO
VRE 28WATT FOR Wram POS. OF BATTERY
LY
THIS SECTION h ‘\ THIS SECTION
OF BATTERY » OF BATTERY
NOW CHARGING NOW CHARGING

AN

f1c, 25.—Diagram showing method of charging 48 voit B battery from, 32 voit d.¢, line.

In cases where it is necessary to use two or more colloid rectifiers in series
on a 220 volt g.c. circuit, first place one rectifier on line until lamp is dimmed,
then replace this with theé other rectifier until lamp is dimmed. Then
put both rectifiers on the line. In using a switch in the circuit to charge
two 48 volt units from 110 volt a.c. line, the detector tap should be changed
10 48 volts for charging as shown in Fic. 23.

When charging has been completed the detector tap may then be shifted
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In case of 32 volt d.c. such as the farm lighting plant, etc. one 20 to 24
volt section of B battery may be recharged at one time, This is accom.
plishedbytheuseofa32volt20wattlampinsexieswithenchZOto?A»
volts of battery, being sure that the correct polarity of the line is firgt ob=
tained.

POSITIVEY

110.VALT, ] DIRECT CURRENTLIN

NEGATIVE

sizg 0 CHARGING 48 vOLTS
LAMP CHARGING CUMRE |
O R swircn 25 WATT Casamps
40 WATT 23 AMPS
;»o WATT 338 aMpS
5 WATT 44 AMPS
u NORMAL CHARGING RATE .25 AMPERES

\

T I8 VERY IMPORTANT THAT NEG.
OF NG LINE CONNECTS
WITH NEG. OF BATTERY
AND POS. OF CHARGING LINE To
POS, OF BATTERY

POLAMTY OF LINE
LEADS IN A QLASS oF W’A‘?‘l‘i
SUBBLES WiLL ATSE FAOM THE NEO, LEAD

- |'Nes. POS.
NEGATIVE

48 VOLT ~g+ +
STORAGE BATTERY  POSITIVE

| (-] %.—mmmlhowhgmethodo{charginnglvoltli battery from 110 volt d.c. fines.

For charging Willard battery type HR-155 from 110 volt d.c. line con-
nect as in Fic. 26.- inserting a 32 volt 25 watt lamp in place of the 115
volt lamp as indicated. For charging HR-155 from a 110 volt a.c. line,,
hook up as shown in Fic 24, )

Battery Hook Ups.—By using different combinations ‘any
desired voltage may be obtained. It is important to have the:

~ A -
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correct polarity of A and’ B batteries when connecting them to
the radio set. There should be no difficulty as the terminals are
plainly marked. :

To obtain different voltages, the following combinations may
be used: Two 48 volt units in series giving 96 volts; one 48 volt
unit and one 80 volt unit in series giving 128 volts; three 48
volt units in series giving 144 volts, or two 80 volt units in
series giving 160 volts.

O Q
TO 5BV
—r
Fi6. 27.—Diagram showing two 48 volt B batteries connected in series making 96 volts.

2{- 73

'.@Y@Y. .\Y'&Y. .Y@‘)

)

TXTITT T

1\
N
Fic. 28.—Diagram showing C battery as part of a regular B battery and this is recommended
where a radio set is so wired that the negative A and negative B battery leads are connected
together; 1, negative C tap; 2, positive C tap; 3, negative B tap; 4, positive B tap; 5, detector
tap at 22 volts. For proper operation as a C battery the negative B lead is extended to any
number of cells which are to be used as a'C battery. In this particular diagram, 6 volts or
3 cells are utilized. However, this hook up should not be used where the negative B battery
Jead goes to the positive A.
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CHAPTER 6

Electrical Measuring
Instruments

[

Galvanometer.—lnstruments designed for measuring small
amounts of electricity may be called galvanometers, although
a galvanometer is generally employed as an electro-dynamic
instrument used to indicate current.

There are numerous kinds of galvanometers designed to
meet various requirements such as the astatic, tangent, differen-
tial, ballastic and D’ Arsonval types, which according to their
design may have either a movable magnet and stationary coil
or a stationary magnet and movable coil. The above types may
be designed with a short or long coil, and the indications or
deflections are given in several ways, depending upon the
various uses,

The Tangent Galvanometer.—In the tangent galvanometer
the sensitivity is directly proportional to the number of turns
in the coil, and inversely proportional to its diameter. The
strength of the current may-be calculated in C.g.S. units when
the dimension of the instrument is known, by the use of the
following formula:

I= ’;ff X1g0
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in which H is the galvanometer constant representing the hori-
zontal force of the earth’s magnetism for the place where the
galvanometer is used; 7, the radius of the coil in centimeter;
0, the angle of the needle deflection in degrees; and I, the cur-
rent in c.g.s. units.

FIG. 1—The tangent galvanometer consists essentially of a short magnetic
needle suspended at the center of-a coil of large diameter and small cross-
section. In practice the diameter of the coil is approximately 17 times the
length of the needle. If the instrument be so placed, that when there is no
current in the coil, the suspended magnet lies in the plane of the coil, that
is, if the plane of the coil be set in the magnetic meridian, then the current
passing through the coil is proportional to the tangent of the angle by which
the magnet is deflected from the plan of the coil or zero position, hence the
name: ‘‘Tangent galvanometer.”

When the tangent galvanometer has more than one turn the
factor 27 should be multiplied by the number of turns (N) on
the coil.

Example.—Find the current in a tangent galvanometer having
a coil of 25 centimeter radius, when the needle deflects an angle
¢f 10 degrees. Assume H =0.2066
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. rXH 250.2066 .
Solutlon.—I=T Xigh = 2%3.1416 %0.1763 @om which

‘ I=0.145 c.g.s. units or 1.45 amperes.

stant for a certain location, the current through the galvano-
meter may be measured by inserting an instrument of known
accuracy in the circuit. '

With the circuit of known value the galvanometer constant
can be computed from the following formula as follows:

If it be desired to determine the tangent galvanometer con-

=ZXWxI
rX1g0

This type of galvanometer however, has a number of dis-
advantages of which the following are the most prominent.

1. The coil being much larger than the needle, and hence far
away from it, reduces to a considerable extent its sensitiveness.

2. The readings are effected by an external magnetic field
which may. exist in the neighborhood of the instrument.

3. Accuracy of readings may be lessened by changes in the
earth’s magnetic field, which changes may be of considerable
‘ Pproportions especially during magnetic storms.

1 D’Arsonval Galvanometer.—In this type of galvanometer
the aforementioned disadvantages are largely eliminated.
The principal design is shown in figs. 2 and 3. In this instru-
ment the indicating needle is attached to a coil of wire, through
which the current flows, and inside of which is an iron core.
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The coil is free to turn with the core which is held in place with
a pin, and suspended between the poles of a horseshoe magnet.
When the current to be measured flows through the coil, a mag-
netic field is set up in and around it, causing the coil to turn.

2 TERMINAL MIRROR

<— GLASS
ENVELOPE

FIGS. 2 and 3—Drawing showing essential features of construction and prin-
ciple of operation of D’Arsonval type galvanometer.

This rotating tendency is prevented by the twisting of the wire
which suspends the loop. By planning the weight of the wire
used, the number of turns in the coil and the amount of resist-
ance used, this galvanometer can be used for determining small
amounts of currents. It is on this principle that many commer-
cial types of current measuring devices is based.

The readings of the galvanometer may be facilitated by
means of a mirror which is usually attached to the coil in such
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a way that a beam of light from a light source directed to the
coil by a lense system, will be reflected back on to a semi-
circular graduated scale placed at a suitable distance from the
mirror as shown in fig. 4.

\, // ) e \\\\
§ e T N —MaaneT
\ //
X
MIRROR
~—REFLECTED
LIGHT RAY
PROJECTED —o—mf

LIGHT RAY

LIGHT - SPOT
ON SCALE

SOURCE
FIG. 4—Arrangement to obtain enlarged view of mirror movement,

In this way a small deflection of the coil and mirror will
produce an enlarged amplification of the beam of light on the

scale, which reading may be accurately accomplished by means
| of a telescope.

e
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Electrochemical Current Measurements.—Another method
of current determination is by utilizing the amount of the
chemical decomposition the current causes in passing through
the electroylete in a cell.

=

‘N
)
A
A
A
A
il
4

. _;;:'S‘(*\ﬁ

ot 2»‘»
025 x10 4
J
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FIG. 4a—Weston model 440 movable coil galvanometer.

If a constant current of (I) amperes is passed through the
electrolyte during (f) seconds, the weight increase on the
cathode in milligram (M) is direct proportional to the amount
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of current multiplied by the electrochemical equivalent of the
metal (C) and the time of current flow.

M=CxIxt
For I =1 ampere and ¢=1 second; M =C,

Among the various apparatus based on the electrochemical
effect of an electric current are: :

The weight voltameter
The gas voltameter.

GALVANOMETER
AN W EN

AN AS
ANODE: s AN &

CATHODE
(Platinum Bowl)

AsNO3 RESISTOR
SWITCH BTTERY "
o == :|'| l.l I ] IH —

FIG. 5—Diagram of connection to obtain current strength by use of a silver-
voltameter. Example: What is the current strength in amperes when after
20 minutes the silver deposit on the cathode is found to be 1.34 gram.

M 1,340
Solution: M=CXIXt or Cf L1820 =1 ampere

A typical silver-voltameter is depicted in fig. 5 and functions

principally as follows: The cathode on which the silver is de-
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posited consists of a platinum bowl not less than 10 centi-
meters in diameter and from 4 to 5 centimeters in depth.

The anode consists of a disc or plate of pure silver, some 30
square centimeters in area and 2 to 3 centimeters in thickness,
which is horizontally supported in the electrolyte near the top
by a silver rod rivited through its center.

To prevent the disintegrated silver which is formed on the
anode falling upon the cathode, the anode should be wrapped
around with pure filter paper, secured at the back by suitable
folding.

The liquid consists of a neutral solution of pure silver nitrate
(Ag NOs) containing approximately 15 parts by weight of the
nitrate to 85 parts of water.

Direct Current Meters.—Most electrical measuring devices
are fundamentally current measuring devices, being either
voltmeters, milliammeters or microammeters. -

Construction.—Such a meter consists of a horseshoe magnet
between the two poles of which is suspended an- armature to
which is attached a pointer and a spring arrangement to hold
the pointer to its zero position when no current is being passed
through the meter coil.

How the Current is Measured.—When a current be passed
through the armature coil, it becomes an electromagnet, with
two poles of opposite polarity, and the reaction between the
energized coil and the permanent magnet causes the coil to
rotate on its axis so as to facilitate the attraction of the unlike
poles and the repulsior: of the like poles of the two magnets.

The amount of movement is determined by the balance
attained between the resiliency of the spring mechanism and
the strength of the magnetic field set up around the coil, and
since the strength of the magnetic field set up around the coil is
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determined by the amount of current flowing through it, the
movement may be calibrated in unit of currents, or in any other
unit such as volts, ohms or microfarads, all of which possess a
definite relationship to the unit of current.

M

\_| ),

FIG. 6—The essential parts of the instrument are: A, spiral spring; C, coil;
K, soft iron core; M, permanent magnet and P, pointer. Current passing
through the coil causes the moving system to turn against the restraining
force due to the influence of the permanent magnet.

Connection of Meters.—A meter calibrated for current
measurement in terms of amperes or fraction thereof, usually
has a comparatively low resistance and is connected in series
with the circuit in which the current is to be measured, whereas
a potential pressure measuring meter or voltmeter is of com-
paratively high resistance and is connected across the circuit,
across which a potential pressure is to be measured.
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Direct Current Ammeters.—The ammeter as already de-
scribed, is an instrument of low resistance, and is always con-
nected in series with the current it is desired to measure. It is for
this reason that the series resistance usually found in voltmeters

are omitted.

AMMETER VOLTMETER

e ‘..\'r-lv"' R b

SERIES RESISTANCE

SOURCE
FIG. 7—Indicating method of connecting for determination of current flow
and pressure in a circuit.

Ammeters are employed for current measurement in all
branches of electrical work and may be designed for measure-
ment of from a few milliamperes up to thousands of amperes.

A milli-ammeter therefore is an ammeter which measures

.. ) 1
divisionsof currentsin 1.000 of an ampere, whereas an ammeter
’

employed in measurements of larger amounts of current meas-
ures amperes in units of 1 to 100 or more.
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Using a Milliammeter as a Voltmeter.—As previously
pointed out the only difference between a voltmeter and a
milliammeter is that a voltmeter has a high resistance con-
nected in series with the moving coil.

Hence by connecting accurately fixed resistances in séries
with the milliammeter, it is possible to make a very useful
voltmeter that may be employed to read filament voltages,
plate voltages, C voltages, the output voltage of B-power ¢
units, etc.

Of course it is self evident that the accuracy of such a con-
verted meter depends upon the accuracy of the milliammeter,
and the fixed resistance used. :

The table shown gives the value of resistances required with
different milliammeters to read voltages from 1 to 1,000 volts.

VOLTAGE MULTIFLIER FOR MILLIAMMETERS

Milli-

1,000 10,000 | 100,000 |1,000,000
Amperes | Ohms Ohms Ohms 'g)hpmn

1. 1. wvolt | 10 volts | 100 volts |2000 voits
1.5 1.6 “ |15 * |150 *
2. 2. “ |2 “ |20 ¢
3. 3. *“ |30 “ |30 *
5. 6. “ |5 °*
8. 8 «
10. 10 b .

Example.—If a 5 milliampere meter is to be employed to read
voltages up to 50 volts, what resistance should be used?

Solution.—From table, the resistance required is 10,000
ohms. According to Ohm’s law, E=]IR or R=—?=%
frora which R =10,000 as already obtained from table.

L} o
R T
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Likewise, if a 1-milliampere meter is to be used to read
voltages up to 1,000 volts, then a 1-megohm resistance is placed
in series with it.

If the values of resistance required to read voltages is not
found in the table, the resistance may be obtained by calcu-
lation in the same manner as that already shown.

Resistors with a wattage rating of one watt will be satisfac-
tory for all those values given in the table, however, it is advis-
able to use resistors with a rating of approximately 5 watts so
that there will be little possibility of the value of the resistance
changing due to the heating effect (I2R).

Also, resistors with a 5 watts rating operating considerably
below their rated dissipation, will be likely to hold their calibra-
tion a longer time then resistors of lower wattage.

The Direct Current Voitmeter.—Since the current through a
meter is proportional to the voltage impressed at its terminal,
any ammeter as previously described may be used as a volt-
meter. .

In this case however, a resistor of high value must be con-
nected in series with the movable coil, because if an ammeter
were connected directly across the line, it would immediately
burn out due to the low resistance in its coil.

The high fixed resistance connected in series with the moving
coil is considered as part of the meter.

Assume that the moving coil milliammeter, as used in the
previous example, is to be utilized for a voltage measurement of
110 volts at full scale deflection, the allowable current drain to
be 1 milliampere, what will be the value of the series resistance?

It is evident that the resistance unit must be of such a value
that when the voltage across the terminal is 110 volts, exactly 1
milliampere will flow through the resistance and meter coil at
full scale deflection of the pointer.
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By Ohm’s law is obtained:

R=e——r

CONNECT TO
POSITIVE
OF SOURCE_\

110
'0.001

VOLTMETER
(2-Scales)

(& //’ﬁv// Y i

+

]

= 110,000 ohms

CONNECT TO
NEGATIVE
OF SOURCE

—55 VOLTS

I
%VRESISTANCE

—110 VOLTS

SERIES

FIG. 8—Connection of multiplier resistance to 2-range voltmeter.

As the moving coil resistance is very small compared with the
series resistance, it may readily be omitted for most practical

problems.

The series resistance or multiplier resistance may be tapped at
various places to obtain more than one voltage range, and is
usually placed inside the voltmeter case and connected in series
with the coil. See fig. 8.
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If the voltmeter with the 110,000 ohms series resistance be
tapped at its center, the voltage range for the same current
drain would be E =0.001 55,000 =55 volts.

In order to obtain proper needle deflection the binding posts
of the meters are marked + (plus) and - (minus). The post
marked + should always be connected to the positive of the
line and either of the other binding posts to the negative side.

ER
Y@ enios) l-—x-mseow- rebiia
N g e e e . ™
2| B oY
») 888888 ne
Sg88k8§

l lg%g g:8:8:8

} l fe‘Is: 8558

. .

10V, 50v. j00V. 250V. 500V. 1000V. 10V, 50v. 100v. 250V. 500V. 1000V

FIGS. 9 and 10—Two methods of connecting multipliers to a voltmeter. In
fig. 9, one resistor is tapped at the various points to obtain the proper multi-
plier values for each scale as shown. This arrangement obviously is eco-
nomical in that only one resistor need to be used. However, the disadvantage
being that if an opening occur for example to the left of the 10 volt tap, the
voltmeter will be rendered useless until the fault is being repaired, whereas
if an opening occur within a resistance when connected as shown in fig. 10,
only that particular scale will be effected.

How to Arrange Resistors for a Multi-Range Voltmeter.—
Resistors for multi-range voltmeters may be arranged in various
ways as shown in figs. 9 and 10. Each resistor will give a cer-
tain definite voltage drop, and should be of the so-called pre-
cision type, unaffected by nominal temperature changes.

Voltmeters suitable for radio work usually have a resistance
of 1,000 ohms per volt.
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Inspecting the resistance arrangement in fig. 10 it is found
that when using the 0-100 volt the circuit resistance is 100,000
ohms and when using the 0-250 volt scale, 250,000 ohms, etc.

VOLTMETER
~ 2 |
) ﬂ%’o
§\ X, .

) R
2 t'\—/\zso,ooo OHMS — sl X OHMS ——o

e / WA - —

2 i SERIES RESISTANCES !

§, '

t
1;— 250 VOLTS ~t 750 vons——JF"
—~———— 1000 VOLTS

FIG. 11—[llustrating how to Increase voltmeter range by adding series resist~
ance.

To compute the resistance to be inserted to obtain a certain
voltage range, no difficult mathematical formulas need to be
- employed.
| According to Ohm'’s law E = I X R; hence to obtain a voltage
‘ drop of 100 volts for example, with a current drain of 1 milli-

100
‘ampere, a resistance of 0.001 °r 100,000 ohms should be
inserted.

Example.—Assume that the voltmeter shown in fig. 11 which

" has a range of 250 volts and a resistance of 250,000 ohms must
be changed so as to enable it to be used on 1,000 volts, what value
must a resistance connected in series with the existing multiplier
have?

?
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1
Solution.—The multiplying factor = % =4
using Ohm’s law E=1IR; 1,000=0.001 (250,000+X)
750
or 1,000 =2504-0.001X ;fromwhich X =T30T = 750,000 ohms.

The resistor to be inserted should have a value of 750,000
ohms and each reading taken after insertion of this new resist-
ance should be multiplied by 4 to obtain the true voltage.

A Combination Volt-Ammeter.—Since the construction of a
voltmeter and ammeter is the same, the difference being that
in an ammeter resistors are placed parallel to the moving coil,
while in the voltmeter resistors are placed in series with the
moving coil, it is possible that by employing a proper switching
arrangement, to use a single instrument for measurement of
both volts and currents. A typical arrangement of this kind is
shown in fig. 12 and 12a.

Other meters of this type may have in addition to the voltage
and current scale, a resistance or ohmmeter scale, which makes
it convenient to check the value of a certain resistor. It is to be
observed that an ohmmeter is simply a low current d.c. volt-
meter, provided with a source of voltage usually consisting of
dry cells, which are connected in series with the unknown
resistance.

An instrument of this sort is shown in fig. 13 and it may
readily be seen that the instrument is rather complicated with
its various scales, switches and terminals.

When using this type of instrument great care should be
observed so as to minimize contact resistance. Hence the
ordinary selector switches should be substituted for toggle
switches if possible.

Before the use of a multi-purpose meter a precautionary
examination should be taken to make sure that the respective
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VOLT-AMMETER

|14

SWITCH

RESISTANCES

G+ = G+ =,
AMMETER
VOLTMETER TERMINALS- TERMINALS

FIG. 12—Schematic or simplified diagram showing principal method of circuit
hook-up and switching arrangement when using a volt-ammeter instrument.
Current measurement: When it be desired to employ the meter for current
measurement, the current voltage selector switch is closed fowards A, after
the proper shunt has been selected. Voltage measurement: For voltage
measurement the meter is connected across the load after selection of
proper resistor, and the current voltage selector switch is closed towards V.

controls are properly adjusted, to prevent the instrument from
serious damage.

‘When measuring unknown values of currents, it is an excellent.
idea to begin with the highest range, and thus identify the
proper range for most accurate measurement.
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When using the instrument as an ohmmeter the instrument
should never be connected across a circuit in which current is
flowing, i.e. the receiver power should be turned off when
resistance measurements are obtained.

XXX

TO SOURCE

COMMON POSITIVE
TERMINAL

VOLTAGE TERMINALS

FIG. 12a—Outline of principal construction details of a combination voli-
ammeter.

Shunts and Their Use.—All ammeters for use in direct cur-
rent measurements may be designated to pass a similar amount
of amperes, although the actual amount of current in the circuit
may differ greatly.

The main difference between the various ammeters is in the
type of shunts employed. The function of a shunt is to pass a
certain definite amount of the circuit current through the meter.

If the full amount of current were allowed to pass through
the ammeter, the ammeter coil would of necessity have to be
of heavier wire and theteby increase the size and cost, and also
cut down the sensitivity of the entire moving element.
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FIG. 12b—Front view of typical combination type volt-ammeter.
(Courtesy Weston Electrical Instrument Corp.)

A shunt will carry a certain ratio of the total current depend-
ing upon the ratio of its resistance to the resistauce of the
ammeter coil; this makes it possible to use the same sensitive
ammeter for different current carrying ranges by merely
shunting or by-passing a portion of the current.

The size of the shunts required are designed from a knowledge
of the proportional current to be measured, and of the existing
resistance of the ammeter coil.
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| o b OWMMETER
I | - ADJUSTER ) B

WE To“ ssumve ANALYZER g
voLTs . oF ; MILLAMPERES

000 —, D.C.ONY

FIG. 13—Typical volt-milliamp-ohmmeter. (Courtesy Weston Electrical In-
strument Corp.)

Example.—]; f a mzllz-ammeter giving full scale deflection on 50C

milliamperes ( 1,000" of an ampere s required to be changed so
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as o enable the measurement of currenis up to 5 amperes, what
size of shunt should be used?

-

Solution.—The increase in current for full scale deflection is
5 .
thenlz or 10 times; hence each scale reading would have to be
multiplied by 10 for each actual current indication.

The resistance therefore, of the coil and shunt combined, in
order to permit 10 times the current to flow through, would

have to be such that the coil would carry -11—0 of the current and
the shunt the remaining -19—0 of the total current. By formula:
The shunt resistance is equal to the meter resistance divided by
the multiplication factor less one or R=7fj in which:

R is the resistance of the shunt;

n is the multiplication factor or the number indicating how
many times the meter range is to be extended or multiplied;

7 is the internal resistance of the meter.
From the above it follows that the shunt resistance would
have to be -ll—o,of the coil resistance.

If the meter coil has a resisté.nce of —1% of an ohm the shunt
resistance would have to be

R= 1(())—3] = 92——0 or 0.0022 ohms approximately.

Hence a shunt having a resistance of 0.0022 ohms must be
connected across the meter. This resistance should be of a size
sufficient to carry the current without overheating.
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AS N @)
L

\\‘\\& AMMETER

Brand

SHUNT SWITCH R,

4 L+

Y
TO SOURCE
TO BE MEASURED

FIG. 14—Arrangement in which shunts Ry, R; and R; may be utilized for vari-
ous size current measurements. In the case where the meter has only one
scale, current indication shown on meter should be multiplied by the value
of the multiplication factor given for each shunt.

AN

Hot Wire Instruments.—The action of this meter depends
upon the heating of a conductor by the current flowing through
it, causing an expansion which in turn sets in motion an index
needle or pointer, the movements of which by calibration are
made to correspond to the amount of the actuating currents.
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AMMETER AMMETER
rS T
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b dhd SOURCE (X + SHUNT - SOURCE
§e . ' y R
LOAD (A) LOAD (B)
AMMETER AMMETER
0
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Ny
606 I
£ SHUNT SOURCE
CALIBRATED SHUNT L1 | g
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FIG. 15—Various ammeter connections and method of showing connections.
As connected in (4) it is obvious the ammeter coil must carry the total
current in the circuit. If this current is greater than the meter coil is per-
mitted to carry, then part of the current should be allowed to pass through
the shunt as shown in (B), (C) or (D). A shunt as shown at (C) consists of
one or more sheets of a special alloy, fitted at each end into grooves of two
copper blocks, which are provided with means for connecting the shunt into
the circuit with the main conductor and with the meter.

This type of meter is frequently employed in radio work on
account of its ability to measure either direct or alternating
current.

The principal defects of this type however, are:

1. Scale divisions will not be uniformly spaced, since the
heating effect and movement of the pointer depends upon the
square of the current (/2R) flowing through it.

2. They are somewhat erratic in the readings near the zero

point.
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3. They are sluggish in operation and their readings are
effected by changes in room temperature,

4. The actuating wire has a tendency to expand when not in
use, hence it is necessary to set the pointer back to Zero before
sending a current through it.

5. They are uneconomical, i.e. the current consumption is
considerably in excess of that in other types.

FIG. 16—Simplified diagram illustrating the construction of a hot wire instru-

-'ment. N, represents a silk thread connected to spring S, wound around
pully P, and attached to a bead threaded on wire AB. Wire AB, made of
platinum alloy, is connected in the circuit whose current is tc be measured.
This wire lengthens, due to the heating effect (I2R) when a current flows
through it. The slack is taken up by spring S, causing pulley to turn and
move the pointer over the scale.

Thermocouple Instruments.—In this type of instrument the
direct or alternating current to be measured is sent through
heater (H) fig. 17, which heats the junction of two dissimilar
metals.

When two dissimilar metals are joined together and their
junction heated, a voltage is generated which is proportional to

. the temperature difference between the heated junction and the
open end of the thermocouple.

|
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A sensitive milliammeter is connected to the open ends and
is generally calibrated to indicate the current through the
heater. For measurements of very small values, the heater and

- the thermocouple are enclosed in an evacuated glass bulb to
prevent oxidation.

SCALE OF THERMAL AMMETER

/SENSITIVE

SWINIES MILLIAMMETER

THERMOCOUPLE
ﬂ Dissimilar Metals)

FIG. 17—Schematic thermocouple arrangement and connection to semsitive
milliammeter. Note: Unequal division of instrument scale.

This vacuum tube thermocouple is usually mounted under
the sub-base of the meter. The thermocouple instrument may
be used on either alternating or direct current and is extensively
used in radio and general high frequency work.
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An instrument of this type however has certain disadvantages
compared with various other instruments, as follows:

1. The motion of the pointer along the scale will increase
approximately in proportion to the square of the 7.f. current
sent through the thermocouple. Hence the instrument scale
will not have equal divisions.

FIG. 17a—Weston Model 622 Thermo A.C.-D.C. Milliammeter.

2. The thermocouple is sensitive to overloads and may bura
out if excessive amounts of current be sent through it, in which
case the thermocouple will have to be replaced and the instru-
ment recalibrated.
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Electrodynamometer Type Instrument.—This type of instru-
ment can be employed on either alternating or direct current.

Figs. 18 and 19 show a typical instrument which consists of
two stationary coils (A) and (B) and a movable coil (D) to
which the indicating pointer is attached. The three coils are
connected in series through the two spiral springs, which also
hold the movable coil in position as indicated.

FIGS. 18 and 19—Principal construction method of an electro—dyumometer
type of instrument.

When a current is sent through the coils, coil (D) tends to
turn in a clockwise direction because its flux tends to line up
with the flux of coils (4) and (B).

If a current be sent through the coils in the reverse dlrectlon,
the torque developed remains the same, hence the instrument
can be used on alternating as well as on direct current.

However, the scale as shown cannot be graded uniformly as in
the moving coil type, because the torque developed varies as
the square of the current (I?), similarly to that of the direct
current motor.

One of the detrimental factors in this type of instrument is
that the current requirement is approximately 5 times that of a
movable iron type instrument. Hence it is somewhat sluggish,
and on account of the large current consumption uneconomical.

R ———
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The Wattmeter.—In direct current circuits the product of
voltage and current is a measurement of the amount of power
dissipated in the circuit in question and is measured in watts.

SOURCE

g.
000 0¢

STATIONARY COILS
.(Heavy Wire)

POTENTIAL ELEMENT
“ " RESISTANCE

7

FIG. 20—Construction method of an electro-dynamometer as arranged to
read watts.

The number of watts dissipated may be obtained by measur-
ing the voltage across and the current through the circuit.

Thus in a circuit through which a current of 2 amperes flow at
a pressure of 110 volts, the power in watts (W) will equal 2 X110
or 220 watts or W=IXE =2X110=220 watts.

If in an alternating current circuit it be desired to measure
the power, this relationship holds true only when the connected
load consists of pure ohmic resistance; and when the circuit in
addition to the ohmic resistance also contains inductive or
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capacitive resistance, the power in watts will be equal to
EXIXcos § or W=EXIxcos 0 in which

W is the power in watts

E, the pressure in volts .

I, the current in ampere and 6 the angle of lag or lead be-
tween the current and voltage.

A meter used for the purpose of obtaining the power consump-
tion in an electric circuit is called wattmeter or dynamometer.

The wattmeter may be employed to record directly either
the a.c. or d.c. power at any instant, giving the three values as
indicated by the aforementioned formulas.

A typical instrument is shown in fig. 20. Its operation de-
pends on reaction between the coils when current is passed
through them. Two coils are fixed and the other is movable.

The fixed coils are composed of a number of turns of heavy
wire and fastened to a vertical support and is surrounded by a
movable coil composed of a few turns of very fine wire.

In the operation of a wattmeter, when current is passed
through the coils, the movable coil is deflected against one of
the stop pins, then the tortion head is turned to oppose the
movement until the deflection has been overcome and the coil
brought back to its original position.

When connecting the meter, care should be taken to prevent
damage, i.e. the heavy wire coil (current element) should be
connected in series with the load and the small wire and coil,
potential element, should be connected across the load to be
measured.

Resistance Measurement.—(Ammeter-Voltmeter Method).

- —This is one of the simplest methods of measuring resistance,

and is convenient because of the fact that the instruments used
consist of only an ammeter, voltmeter, battery and switch,
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the connection of which is shown in fig. 21. In making the test
the ammeter and voltmeter readings are taken simultaneously
and the unknown resistance calculated from Ohm’s law.

E E
I=—gor R=—

Example.—If in fig. 21 the readings obtained are 150 volis and
4 amperes, how many ohms is the unknown reststance?

E 150
R=—T=—4—=37.5 ohms

RESISTANCE(R)

4

BATTERY

SWITCH

|
/

FIGS. 21 and 22—]llustrating two methods of connections to obtain resistance
values.

Ohmmeter Method.—By using the ohmmeter previously
described the value of an unknown resistance may be read
directly on the instrument scale without calculation. This type
of instrument is shown in fig. 24 and its circuit in fig. 23. On
»an instrument of this type resistance values up to 300 megohms
may readily be obtained.

Wheatstone Bridge Method.—The Wheatstone bridge, fig.
25 consists of several resistances so arranged that an unknown
resistance may be calculated in terms of known resistances.




Electrical Measuring Instruments 139

FIGS. 23 and 24—Schematic circuit arrangement and front view ef typicay
ohmmeter.
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The so called “Wheatstone’’ bridge was invented by Christie,
and improperly credited to Wheatstone, who simply applied
Christie’s invention to the measurement of resistances.

N
SWITCH
ij——

BATTERY

FIG. 25—Schematic diagram of Wheatstone bridge showing resistances and
method of connecting galvanometer, battery and unknown resistance.

As shown in fig. 25 the circuit of a constant battery is made
to branch at P, into two parts, which re-unit at @, so that part
of the current flows through the point M, the other part through
the pont N. The four conductors, 4,B,C,D, are spoken of as
the arms of the balance or bridge.

It is by the proportion existing between the resistances of
these arms that the resistance of one of them can be calculated
when the resistances of the other three are known.
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When the current which starts from the battery arrives at P,
the pressure will have fallen to a certain value. The pressure in
the upper branch falls again to M, and continues to fall to Q.
The pressure of the lower branch falls to N, and again falls till
it reaches the value at Q.

Now if N, be the same proportionate distance along the
resistances between P and Q, as M, is along the resistances of
the upper line between P and Q, the pressure will have fallen at
N, to the same value as it has fallen to at M; or, in other
words, if the ratio of the resistance C, to the resistance D, be
equal to the ratio between the resistance A, and the resistance
B, then M and N, will be at equal pressures. To6 find out if this
condition obtain, a sensitive galvanometer is placed in a branch
wire between M and N, which will show no deflection when
M and N, are at equal pressure or when the four resistances of
the arms “balance” one another by being in proportion, thus:

If then, the value of A, B, and C, be known, D, can be cal-
culated. The proportion (1) is reduced to the following equation
before substituting, .

: BC
- .

For instance, if 4 and C, be, as in fig. 25, 10 ohms and 100

ohms respectively, and B be 15 ohms, D will be

(15X 100) + 10 =150 ohms.

Example.— It is desired 10 use a milli-ammeter whose maximum
reading is 5 M. A. 1o measure current .up to 100 M.A. If the
meler resistance ts 50 ohms, what value of external resistance will
it be necessary to use, and how should it be connected?
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_ Solution.—At full scale deflection the meter passes 5 MA.
or 0.005 amperes, hence the voltage drop across the instrument
at maximum deflection will be IR or 0.005 % 50 volts, i.e. 0.25
volts. Now, since the meter can take no more current without -
danger, it follows that the extra current must be shunted away
from the instrument through a resistance placed in parallel
with it. o

In this case, it is desired to pass 100 M.A. through the com-
bination of meter and resistance in parallel so that at the same
time the meter will show its full scale reading. Since it does this
at 5 M.A. the balance of 95 M.A. must obviously be passed
through the parallel resistance. .

Now the potential drop across the meter was previously
found to be 0.25 volts and this must also be the drop across the
resistance since they are both in parallel. There is then a means
of finding the value of the resistance, since from Ohm’s law—

0
R=% its value is thus %%:2.63 ohms,

.. Example.—What resistance should be placed in parallel wilh
'@ milliammeter of 5 ohms resistance in order that the total resisl-
ance of the combination may be 0.5 ohm?

Solution.—If X denote the value of the required resistance,
by the known formula for resistance in parallel the following
may be obtained: '

hence —)lf=1.8 or X=—1—18—=0.555 ohms (approximately).

. Example.—A 2-volt bﬁttery is used lo supply filament current
to a multiple receiver. An ammeter is inserled in one of the battery
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leads and shows that a current of 0.8 ampere is being taken. What
1S the lotal resistance of the filament circuit?

Solution.—According to Ohm’s law, it is known that I =—g—
for any circuit in which direct current flows through a resistance.
The current I, is measured in amperes, and the resistance R, in
ohms. Since E=2 volts and 7=0.8 amperes, therefore

E 2
R=T =0_.8 =2.5 ohms._

Example.—After the battery in the previous example had been
Jully charged, it was noted that the current reading had increased
to 1 ampere. What difference does this indicaled in (a) the circust
resistance; (b) the E.M.F. of the battery? .

Solution.—Of course the fact of the increased current is due
solely to the greater E.M.F. of the battery, the circuit resistance
being entirely independent of this and remaining quite un-
changed. The new E.M.F. is obtained by the formula E = IR
in this case 1x2.5 or 2.5 volts. This condition is of course only
temporary and after a very little time, the battery E.M.F. will
have fallen to its normal working value of 2 volts,

Example.—What power is consumed by the filaments when the
E.M.F. of a battery is 2 volis and the Jilament current is 0.8
amperes?

Solution.—In d.c. circuits, the power consumed in any
resistance when measured in watts is given by the product of the
number of amperes passing through the resistance and the num-
ber of volts across it or W= I'XEhere I =0.8and E =2.0 hence
the power consumed W =2 X0.8=1.6 watts.

Example.—An electric lamp is marked 40 watt, 220 volt.
What current will it take Jrom a 220 volt d.c. source and what 7e-

} sistance will 1t have at that voltage?. What further specification
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would be required before employing such a lamp in a d.c. current
‘receiver?

Solution.—It is now fairly common in d.c. sets to employ
electric light “bulbs” to obtain the necessary voltage drop
suitable for the filament supply. Unfortunately, however, the
question of selection is complicated by the fact that when so
used, the full voltage supply is not effective across the lamp.The
result is that a considerably smaller current may flow than would
be the case if the lamp was used simply for its normal lighting
purpose.

The present example refers to the current and resistance of
the lamps at 220 volts; there is therefore no question of employ-
ing it as a ““voltage reducer.” The fundamental formulae relat-
ing the power taken by a given resistance to the d.c. voltage

E?
across is W=T where W is in watts and E and R in volts

and ohms respectively. For the lamp in question, W =40 and
E =220, therefore it may be written— .
E? 2202

R=W or R=j4v=1,210 ohms

220
The current taken by the ;lamp obviously is 7575 =0.182 amps.

Before the lamp could be employed as a voltage reducing
resistance for a d.c. receiver it is first necessary to know the
voltage and current necessary to operate the tube filaments—
usually connected in series. The actual voltage across the lamp
would be the difference between the filament voltage and that
of the supply. Finally, it is required to know the current actu-
ally taken by the lamp at this reduced voltage. If this current
were approximately the same as that taken by the filaments,
the lamp would be suitable; otherwise another type would have
to be employed.

i
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CHAPTER 7

Power Supply Units

1. The a.c. supply group which operate from alternating cur-
rent only.

2. The d.c. supply group which operate from direct current
only.

3. The ag.c. and d.c. supply group which furnish power to
“A” and “B” batteries from either alternating or direct current.

A.C. Supply Systems.—The power supply in this group gen-
erally consist of a power transformer, rectifier tubes and filter
units which consist of capacity condensers and choke coils.

The Power Transformer.—The purpose of the power trans-
former is to supply a high voltage to the rectifier tube for recti-
fication of the a.c. current and to supply the filament or heaters
with the required current and voltage.

Power transformers generally contain a primary winding and
several secondary windings, on a laminated steel core. That
part of the secondary winding which furnishes power to the
rectifier tube contains more turns than the winding which is
used for heater or filament supply.

The method of using only one transformer for the various
requirements, makes a compact ,arrangement, facilitates the

Receiver power supplies generally may be classified as follows:
|
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FIG. 1—Exterior view of typical power transformer.

PRIMARY
CIRCUIT

SECONDARY CIRCUITS

FIG. 2—Conventional diagrammatical representation of power transformer for
. 5 to 9 tube sets.
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assembly and reduces the cost. A power transformer of the type
described is shown in fig. 1, and a typical circuit diagram show-
ing the connection of the several windings is shown in fig. 2.

—

8

=

2

8

&
VOLTAGE

REGULATION

SWITCH

c

— J
FIG. 3—Power transformer circuit showing voltage regulation switch.

The power transformer should be of ample size to supply the
power required in each specific case without over-heating, i.e.,
the iron and copper should be dimensioned so that the secondary

~ voltage will remain practically constant even in the case of
~ slight variations in primary power supply.

(For further treatment of transformers see transformer
chapter.)
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——
OUTPUT TO
AC. NoLTAGE FILTER
LN
5
1 [
POWER
TRANSFORMER
FIG. 4—l]lustrates connection and rectifier tube to obtain half-wave rectifica-
tion.
‘I
| /1
|
.I .
I OUTPUT TO
A.C. VOLTAGE f FILTER
INPUT "
TRANSFORMER

FIG. 5—1llustrates connection and rectifier tube to obtain full-wave rectifica-
tion.
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’ Method of Line Voltage Regulation.—In certain locations
where comparatively large fluctuation in voltage is experienced,
- due to variation in the load requirements, the reception may be
improved by providing a primary voltage regulating switch as
shown in fig. 3. The voltage regulation switch is set for a higher
voltage value during the time of the day when the line voltage
- is low, and put back to its original position when the supply
voltage again becomes normal.
|
|

Rectifier Tubes.—The rectifier tubes are generally. divided
into two classes namely the half-wave and the full-wave. In
modern a.c. systems however, the latter is most, commonly
employed. In half-wave reetifiers only one half .of the currént
wave is utilized as shown in the diagram fig. 4 whereas in the
full-wave rectifiers both halves of the waves are utilized. See
fig.5. . e e

It is also possible to connect two half-way rectifier tubes in
such a way as to obtain full-way rectification.

As the full-wave rectifier produices twice as many impulses, it

! is considerably easier to_filter into the_desired smooth direct
current. It is obvious also that because of twice the number of
pulsations during a certain time, that the current obtained in
this latter system will be twice as great, :

There are two general types of rectifier tubes in use. (1) The

| high vacuum type, in which the conduction is purely by means
of the electronic stream from the cathode to the plate and (2)
those in which a small quantity of mercury has been introduced
after the tube has been evacuated. In the latter type, part of the
mercury vaporizes when the cathode reaches its operating
temperature and during the part of the cycle in which the recti-
fier is passing current the mercury vapor is broken down into
positive and negative ions. Due to the fact that the positive
ions decreases the normal resistance of the plate-cathode circuit
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the voltage drep in this type is less than in the high vacuum
types.

As a result of this lower voltage drop the power loss (I2R) is
lower, and the efficiency of the mercury vacuum rectifier 8
higher than in the high vacuum type.

:FILTER CHOKES:

FILTER

INPUT FROM P
UT FRO CONDENSERS r OUTPUT

RECTIFIER TUBE

FIG. 5—Choke-input filter.

FILTER CHOKE

INPUT FROM

RECTIFIER TUBE == -]-
£ ¢ )

FIG. 7—Condenser-input filter.

> OUTPUT

Filter Systems.—The function of the filter system aside from
that of preventing feed-backs into the receiver, is to smooth
out the remaining ripples or pulsations in the voltage received
from the rectifier.
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FIG. 8—Tilustrates a ‘““‘B”’ power supply unit of the full-wave type. The choke-input filter section is con-
nected to the conventional voltage divider supplying piate voltages to the various tubes. The upper part
of the diagram shows the approximate wave forms at various locations in the power supply unit. For
example: ‘A’ represents current supplied from power line; “‘B" high voltage current supplied to rectifier
tube; ‘“C” rectified unfiltered curreat as obtained from rectifier; ‘‘D” current as obtained from choke-
input filter; ‘‘E” ripples direct current furnished to plates.

suupn Addng 1amog

181
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Smoothing filters are generally classified as choke-input or
condenser-input according to whether a choke or a condenser is
placed next to the rectifier output. Figs. 6 and 7 respectively
show a choke-input and condenser-input filter.

If a condenser-input type be used consideration must be given
to the instantaneous peak value of the a.c. input voltage. This
peak voltage is+/ 2 times the root mean square (R.M.S.)
value as obtained by an a.c. voltmeter. Hence, filter condensers
especially the input condenser should be of a rating high enough
to withstand the instantaneous peak voltage if breakdown is
to be avoided.

When the choke-input type is used, the available d.c. output
voltage will be somewhat less than with the condenser-input
type for a given a.c. plate voltage; however, in this latter type
improved regulation together with lower peak current will be
obtained.

D.C. Supply Systems.—Although alternating current is most
commoniy used in radio receiving sets, there are certain locali-
ties in which direct current is furnished, and hence the radio
receiving sets in those localities must be designed for operation
on d.c. current power supply.

It is obvious since the d.c. current is practically ripless, that
no rectifier unit is necessary. All that is required is a filter
system which serves to smooth out the slight remaining “‘ripples”
due to the commutator (brush contact) action on the direct
current generator.

The filament supply usually about 6 volts is obtained from
the power voltage through a resistor or speaker field of a value
to give the necessary voltage drop. See fig. 9.
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The filaments may be arranged either in series or parallel.
The disadvantage in both cases is a considerable amount of
power dissipation in the form of heat, although the power loss
is much less when the series arrangement is used.

FILAMENT RESISTANCE
OR SPEAKER FIELD _

AAAAAAAA.

} TO FILAMENTS
FILTER
CHOKE
— 0000 — ( o
CONDENSER CHOKE
D.C. LINE o
SUPPLY
E—

FIG. 9—Conventional filter system used on D.C. receivers.

FILAMENT RESISTANCE

‘V""."vlv To F'LAMENT
FILTER CHOKE
| ' 0000 +
=
AC. OR DC. ——
2525

LINE SUPPLY R ms

CHOKE

. /]

FIG. 10—Full wave rectifier tube circuit used for A.C.-D.C. receivers.
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A.C. and D.C. Supply Systems.—When the power supply is
alternately a.c. or d.c. the filament supply is ~onnected through
a series resistor as shown in fig. 10. This resistor must be of such
value as to give the proper voltage drop. The disadvantage
with this arrangement is the same as that of the straight d.c.
supply system, in that a considerable amount of heat (I2R) is
dissipated in the filament resistor. The plate voltage is usually
supplied by utilizing a full wave rectifier tube as shown in fig.
10.

—y

JIO V.

CYCLE
AL
-

FIG. 11—Full wave rectifier circmt witk conventional filters and voitage
divider.

Voltage Dividers.—The function of a voltage divider is to
supply the various plate voltages required by the various tubes
employed in the receiver.

The principal method in each system is to lower the voltage
by means of one or more resistors inserted in the circuit. When
one resistor is utilized the resistor is tapped at suitable inter-
vals, as shown in fig. 11.

In order to facilitate the calculation of the resistance required
betwzen the taps, the voltage divider should be laid off in sec-
tions as shown.
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Example.— Assume that the power supply unit shown in fig. 11
has 1,000 volts across its output terminal and that the required
Dlale voltages and currents are as follows: .

1. 350 volts at 30 m.a. for the oscillator

2. 500 volts at 60 m.a. for the buffer-doubler

3. 1,000 volts for the final amplifier.

Solution.—By using Ohm’s law the resistance of (@) or the
350 volt sections will be 350?1 or 8,750 ohms.

The resistance of section (b) or the 150 volt section will be
(% or 2,150 ohms approx.

. The resistance required for section (c) will be % or 3,850
ohms, - '

The current in this last section becomes 60 m.a. in addition to
the 70 m.a. already flowing in sections (a) and (b) or 0.06+4
0.07=0.13 amps.

The total resistance of the divider will therefore be 8,750+
2,150+3,850=14,750 ohms, which is safely below the value
necessary to maintain constant output voltage when the tubes
are not drawing current from the power supply.

The power loss may be calculated by multiplying the voltage
drop across each resistance by the current flowing through it.

Accordingly the power dissipated

in section (a) 350 xX0.04 =14 watts °
in section (b) 1500.07 =10.5 watts
in section (c) 500%0.13=65.0 watts

It is evident from the above that this method of providing
operating voltage is uneconomical.
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The power calculation should be done for both no-load. and
full-load conditions, and a resistor selected which should have a
rating well above that of the higher of the two values.

In some cases it is desired to have the bleeder resistance total
to a pre-determined value—for example, if the bleeder in the
above problem is to total 20,000 ohms instead of the calculated
value of 14,750 ohms, the same method of calculation may be
followed, but different value of idle current should be tried until
the correct one is found.

The method outlined may be extended to any. .number of
taps, and is equally applicable to calculation of voltage dividers
for radio receivers. :

- 3

220 OHMS. i 20-30 HENRYS
T v '? £ _£ ’
T0 115 VAC i ¥ :
| R+ s
T 8Mf-F.' EA%-H E o~ +45V.
2525 2625 | | | -8

FULL-WAVE -RECTIFIER

15,000 OHMS

/290 OHMS. 2525 2030 HENRYS
£70 115 vac.

15,000 OHMS.

25W. LAMP

HALF-WAVE RECTIFIER

FIGS. 12 and 13—Tlustrates two transformerless power supplies, for full-
wave and half-wave rectification respectively. Here a line cord resistor is
utilized to drop the line voltage to that necessary for the filaments of 25Z5
tubes. The third element in the line cord resistor brings the full line voltage
for the plate of the tubes.
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FIG. 14—Typical receiver power supply resistors.

25V,
FOR POWER
AUDIO TUBES

g T 30H, 30 H.
100 MA. 100 MA,

5V L g E—+300V.
|2 M) 8 mig, T 5—— +200V,
%0 T T Tg,85~+100v
0 F—+ 50V
35 -8
ELECTROSTATIC — ]| .
SHIELD 20~ TN -
1
25V,

FIG. 15—Here the power transformer is used te step up the 110 volt alter-
nating current to 350 volts on each side of the centre-top. This type of power
supply will ordinarily be satisfactory for an ordinary armature receiver as
well as an audio amplifier using a 47 or a pair of 45’s in push-pull. The
2 m.f.d. condensers and the 30 henry chokes reduces the ripple to satis-
factory proportion. Resistor R, is centre tapped with a value of 20 ohms. R, is
the voltage divider for obtaining the different voltages from the power supply.
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Bleeder Resistors and Their Use.—It is common practice to
connect a bleeder resistor across a power supply to obtain a
more stable output—to improve voltage regulation. However,
this is often accomplished without any fundamental knowledge
of how a bleeder resistor actually works, and how its exact size
may be calculated. _

Voltage regulation may generally be defined as the change in
potential with a change in the load or current consumed.

This is an important consideration in power supply for radio
receiving and transmitting circuits because the current may
change with signal intensity, modulation, keying, line voltage
fluctuation, etc. and it is highly desirable and often imperative
that the voltage remains constant.

Ro=1000 OHMS
._r_fm T 1
RS
i ;*ER' " 10000 OHMS
i s
l o

FIG. 16—Showing application of bleeder resistor across power supply.

A problem of this kind may best be studied by considering the
arbitrary condition existing in the circuit shown in fig. 16 illus-
trating a simple filter system of a power supply.

In this circuit E, is a source of constant voltage. Choke C, has
a resistance of 1,000 ohms. E, is the potential supplied to the
load R., which may be the plate circuit of a transmitter or
receiver. Switch S, applies or removes the load.
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It is assumed that the load is such that it requires 100 m.a.
at 1,000 volts for the most efficient operation which according
toOhm’s law gives R, a resistance of 10,000 ohms. R,isa 10,000
ohms bleeder resistor which at first, is not connected.

If R, draws a current of 100 m.a. the drop through the choke
C, will be 100 volts, and E, therefore must be 1,100 volts in
order that E, the load woltage shall provide the 1,000 volt
potential.

However, with the switch open, the no load voltage E ., will
be the same as E, or 1,100 volts. When switch S, is closed this
1,100 volt potential will be momentarily applied to the load
which will drop almost immediately to the required potential of
1,000 volts.

In other words, the change in voltage with the change in load
has been a drop from 1,100 volts to 1,000 volts or a voltage
regulation of 100 volts.

Assuming that R, is also connected in the circuit, it is evident
that as R, also draws current that the drop through R, will be
ocreased. Hence if E. is to'be maintained at 1,000 volts, the
source voltage will also have'to be increased.

With E, at 1,000 volts, R, and R, 10,000 ohms each, the
current drain through the circuit will be 200 m.4. and the drop
across C, 200 volts, therefore the voltage at E, will have to be
<aised to 1,200 volts.

It is evident that the no load voltage (switch S, being open)
will no longer be the total voltage at E, but instead the voltage
drop across R, this may be easily calculated by using Ohm’s
law.
The bleeder current through R, will be %Rb or 0.109

- amperes; the voltage drop across R, (or the no load voltage) will

be I X R,=0.109x 10,000 or 1,090 volts. The no load voltage

- being 1,000 volts, hence, the change due to regulation will be 90
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volts or an improvement of 10 volts over conditions when the
bleeder is not employed.

With Resistor in Parallel.— In the above example the power
supply was so designed that the correct load voltage was
obtained when the bleeder was in the circuit. Very often the
bleeder is added merely as an afterthought in hope that the
regulation secured will compensate the loss in voltage.

With reference to the diagram, the bleeder resistor is- con-
nected without boosting the voltage (1,100) at E.

If considering resistors R . and R, in parallel, their combined
resistance is 5,000 ohms. This plus R, gives a total effective
resistance of 6,000 ohms, and a total current of 184 m.a. The
drop across R, will be 184 volts, and the load voltage E . will
be E minus this value (1,100—184) or 916 volts. The no load
voltage will be of course exactly 1,000 and the regulation there-
fore 84 volts.

This is better than the 100 volt regulations obtained when
the bleeder is not employed, but the operating voltage has
dropped to 916 volts. ’ ‘

Summary of Improvement in Regulation.—Summing up it
will be observed that the improvement in regulation with the
utilization of a bleeder resistor is not as much as might be
assumed. While the conditions in the above problem have
been arbitrarily assumed, similar arithmetic treatment will
~ apply to actual cases.

It is evident that the lower the value of the bleeder resistor,
the greater the regulating effect, but at the same time the
supply voltage must be increased.

The bleeder is essentially a wasteful proposition and particu-
larly so when its value is made sufficiently low to secure any
real measure cf regulatory effect. However, a bleeder of even
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high value, say 100,000 ohms, will be effective in preventing
excessively high potentials under no-load conditions which
might damage rectifying tubes and filter condensers.

Voltage regulation is best secured through the design of
generous size transformer windings, low resistance chokes and
mercury-vapor rectifying tubes.

Voltage Doubler Circuits.—By means of this type of circuit

it is possible to obtain twice the a.c. input voltage without the
conventional transformer.

i

110 V. 60 CYCLE 2526 TN b.C
A.C. INPUT FILTER =5
. HEATER | CONDENSERS OUTPUT
VOLTAGE

REDUCING RES St +
+
D) 1
L
FIG. 17=Voltage doubler circuit utilizing a full-wave rectifier tube.
TRANSFORMER _l_
WHEN USED c = C, -
\ FILTER LOAD DC.
U CONDENSER = RESISTOR (SUPPLY
1 (_;}{":‘9 B _ R
k C(‘ I" ‘v<> c| +
110 V. 60 CYCLE c) llie>
Ac.souRcE Al
4 c':h{Ca D
! =D N
R [ —
A

TIG. 18—Voltage doubler circuit utilizing two half-wave rectifier tubes.
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The circuit shown in fig. 18 represents a typical voltage
doubler without a transformer although a transformer may be
used if the voltage requirements thereby will be facilitated.

The action that takes place within this circuit is briefly as
follows: With reference to fig. 18 it may be observed that during
that one half of the cycle when B, is positive with respect to 4,
rectifier D, is conducting and the condenser C; is being charged.
The two condensers are connected in series with respect to the
load resistor R, which results in doubling of the voltage appear-
ing across this resistor.

Example.—A five tube receiver using a 2 volt filament supply
baltery, takes 1.2 amperes of filament current. What is the total
bower expended in heating the filaments? If a 40 ohms potentiom-
eter were placed across the battery terminals, what would be the
tncrease in the power consumed ?

Solution.—Since direct currents are being dealt with, the
power in watts is given by the product of the voltage and the
" current in amperes. Thus the power is 2x1.2 =2.4 watts. The
current taken by the potentlometer is easily found by Ohm’s
law. This gives I(amperes)= R 420 or 0.05 ampere. As be-
fore, the power taken is equal to the product of the voltage and
this current or 2X0.05=0.1 watt. A quicker method is to
make use of the formula, power——lg- watts or in this case

4
TO—=0._1 watt as before.

Example.—The current for a multi-tube receiver is furnished
by means of a “B” battery having a potential of 120 volts. If a
milliammeter placed in the negative lead indicales that a steady
current of 8 m.a. (milliampere) is passing, what is the d.c. re-
sistance of the circuit?
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Solution.—The comparatively small current flow in the “B”
circuit of a receiver is conveniently measured in milliamperes {

1 300 of an ampere. When, however, a calculation is to be

made, it is better to express it into fundamental units of cur-
rent—the ampere.

When applying Ohm’s law it is always advisable to express
the quantities dealt with in terms of the fundamental units—
amperes, volts and ohms, since the formula E = I X R holds true
for these denominations.

In the example, therefore, it is required to express the current
in ampere or 0.008 amperes. The resistance of the circuit may
now easily be found by applying Ohm’s law—

E 120 _ 120,000

R=-1r=3008 =" 8

or 15,000 ohms -

Example.—What amount of power ts dissipaled in the circust
of the previous example? '

Solution.—The power in watts in any d.c. circuit is obtained
by multiplying the current through the circuit by the potential
across it, or written W=E X I. When substituting the values of
current and potential in the above equation we obtain very
simply W=120x0.008=0.96 watts.

Problem.—A certain receiver consumes 46 m.a. at 250 volts,
the current being supplied through a smoothing choke of 25 henry.
If the actual d.c. output from the eliminator is 270 volls, what
is the resistance of the choke? The high frequency and detector tubes
are supplied with 8 m.a. through a special smoothing choke of 200
henry and 3,000 ohms. What is the vollage drop in the choke?
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Solution.—This problem offers a simple exercise in voltage
'drop calculation. The voltage supplied to the H.P. terminal of
the receiver is 250 volts while the actual eliminator voltage is
270. The difference in 20 volts represents the (/R) drop across
the choke, the symbol R, of course, referring to the resistance
and not the inductance of the coil, the latter of which exercises
no effect whatever upon the direct durrent. Of this 7R product
the current value 7 is known to be 0.046 amperes, thus accord-
ing to Ohm’s law, it may be written

20=IX R=0.046 X R from which follows

20
R=-7q5 =435Q

The (IR) voltage drop across the special choke is similarly
found. Here I X R =0.008 X 3,000 =24 volts. Such a slight volt-
age drop is of course immaterial in the case of tubes in the posi-
tion as specified.
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CHAPTER 8

Resistors, Inductors
and Condensers

The Tuned Circuit.—In the chapter dealing with radio funda-
mentals, it has been demonstrated that the flow of electrons
through a wire constitutes an electric current.

The law governing this flow of current under various con-
ditions, as well as the conditions necessary for the introduction
of resonance in an a.c. circuit has also been briefly outlined.

Selectivity of Tuned Circuits.—In order to understand the
selectivity of the tuned circuit and the factors governing this
important phenomenon, the behavior of a simple circuit as
shown in fig. 1, will be considered. _

Here the applied a.c. voltage (E) forces a current of (I)
amperes (r.m.s. value) through the loop of the circuit. The
circuit itself opposes or impedes the flow of current and this
opposition is known as impedance.

Now the circuit under consideration comprises the three
quantities resistance R, (ohms) inductance L, (henries) and
capacity C, (Farads) and the total opposition is due to all
three.
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That part of the impedance due to coil inductance is referred
to as inductive reactance and is given in ohms by the ex-
pression 2wfL where f is the frequency. Similarly the con-

1 .
denser possesses a reactance of 2%C ohms capacitive
reactance.

| R
—jwwvw

—
C

FIG. 1—Circuit containing resistance, inductance and capacity connected in
series.

It is a well known fact that the a.c. voltage required to force
a current through an inductive reactance is a quarter of a
cycle in advance of the current, whereas for a condenser the
applied voltage lags by a quarter of a cycle behind the resulting
current.
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FIG. 2—Voltage and current vectors for a circult containing resistance and inductance in seri
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Es

Ec

FIG. 4—Resonance conditions in a series circuit.

Circuit Resonance.—Consequently
the closed loop, where the same current
flows throughout, the component volt-
age absorbed in overcoming the induc-
tive and capacitive reactance are in
opposition—when one is positive and
the other negative at all times.

Thus the voltage absorbed by the two
reactances in series is the difference of
the individual voltage. From this it fol-
lowsthat theinductiveand capacitive re-
actances tend to neutralize each other’s
effects and the resultant reactanceof the

1
circuit is given by waL—ch- ohms.

It is evident from the above that the
inductive reactances increase as the fre-
quency is raised, whereas the capacitive
reactance decreases. Thus there must
be one particular frequency at which
the two become equal and neutralize
each other completely as far as their
influence of the current is concerned.
‘When this happens the circuit is tuned
to resonance with the applied frequency,
and the formulae for the resonant fre-
quency is derived by equating the induc-

tive and capacitive reactances namely
1 1

2% .L = 2= 1 -_ T

cycles per second.
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It follows that at resonant frequency the resultant reac-
tance of the circuit is zero, so that only the resistance remains
to oppose the flow of current and hence ohms law may be

E
applied, ] =—p amperes.

CURRENT AMPLIFICATION

FREQUENCY

FIG. 5—~Typical eurrent resonance characteristic.

At any frequency different from the resonant value the
inductive and capacitive reactances become unequal and their
resultant is no longer zero so that the current now experiences
an additional opposition which increases as the frequency
departs from the resonant value in either direction, the cur-
rent being reduced as a consequence.
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Obviously then the current is greatest at the resonant
frequency, its value being ~} amperes.
The formula for the current at any frequency is

— E - amperes.

—
\/Rz"'(zx“foL‘zxmquc)

If a curve be plotted of current against the frequency the
familiar resonance curve depicted in fig. 5 will be obtained, the

maximum height being —R ampere, now in receiving circuits the

current is of little significance compared to the voltage built up
across it.

Voltage Amplification.—The voltage across the condenser is

Ix 27%@ and since at resonance %f =2wfL it follows that the

voltage developed across the tuned circuit is (2®rfL) volts.

From Ohm’s law the applied voltage is IR and so the ratio
2nfL
of the developed voltage and the applied voltage is ——7% 5

This is a very important number and is known as the voliage
amplification of the tuned circuit.

1 . .
At resonance 2%f =\/_fC‘ and so the previous expression

for voltage amplification may be re-written in the form

1 [T
E=m\—T

It now remains to be shown that the selectivity of the
tuned circuit is directly proportional to the voltage amplifica-
tion. This may best be accomplished with a graphic illus-
tration.
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In the first place, consider a circuit of fixed inductance and
capacity and assume that a number of resonance curves be
plotted each for a different resistance value.

With reference to fig. 6, it may be observed that the peak
of the curves all appear at the same frequency and it will
further be noted that their various heights are inversely pro-
portional to their respective resistance.

125 | voLTs

1001 DESIRED SIGNAL
=
S
751%
[a
=
<
50+
&
= \ 40 OHMS
2519 :

FIG. 6—Typical voltage resonance characteristics indicating the effect of vary-
ing the effective resistance.

It is important to note that all the resonance curves have
approximately the same width near the base, so that by de-
creasing the resistance the strength of the desired signal
increases at the resonant frequency without appreciably
strengthening any signals whose frequency differ moderately
from the resonant value.
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This the degree of selectivity is approximately proportiohal
to the height of the resonant curve and so inversely propor-
tional to the resistance, like the amplification factor.

" Mutual- and Self-induction.—Without a knowledge of the
fundamental principles of mutual induction, it is difficult to
comprehend the theory of coil coupling.

. By definition, mutual induction is the electro-magnetic prop-
erty of two circuits or two parts of a single circuit, by virtue of
which a changing current in one causes an electromotive force
to be induced in the other.

1TTT
'y i ]
£ BATTERIES FEd| |JE  eALvaNOMETER
l RESISTANCE I ik
o AN\

SWITCH i l

I COILS !

FIG. 7—Diagram showing the action of mutual induction between two colls;
the one including a source of electrical energy and a switch, the other a
current measuring instrument but having no source of electrical energy.
During the increase or decrease in strength of current as on closing the
switch the current is induced in the secondary circuit. This secondary cur-
rent is flowing in a direction opposite to that of the primary current.

Similarly it can be said that mutual induction is an electro-
magnetic property of two circuits so situated with respect to
each other that a current in one sets up a magnetic field which is
linked with the latter, that is to say, a property of two circuits
which are magnetically coupled together.
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It is a fundamental principle that when.a magnetic flux
linked with a circuit is changing, an electromotive force is
induced in the circuit, its magnitude being proportional to the
rate of change.

When the magnetic flux linked with a circuit is produced
by a current in the circuit itself , then, if the current is varied,
the flux will vary also and an E.M.F. is induced in the circuit
proportional to the change in current.

This property in a single circuit is called self-induction. If,
however, there be two circuits magnetically coupled together
as explained above, a variation in the current in the one will
cause a variation of the magnetic flux through the turns of the
other, and an E.M.F. proportional to the rate of change of
current in the first will cause an E.M.F. to be generated in the
other. This property is referred to as mutual tnduction.

The first circuit in which the current is varied, is called the
primary and the second in which the induced E.M.F. is con-
sidered, is called the secondary circuit.

As in the case of self-induction, the practical unit in which
mutual induction is expressed numerically is the henry. The
mutual inductance or co-efficient ot mutual inductance between
lwo circuils ts said to be one henry if one volt is induced in the
secondary circuit, when the current in the brimary is changing at
the rale of one ampere per second.

The mutual inductance in henries is usually denoted by the
symbol M, and the induced E.M.F. in volts in one circuit is
equal to the product of M, and the rate of change of current in
amperes per second in the other.

The mutual inductance M, is the same whichever of the two

 circuits is taken as the primary.
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Degree of Coupling.—As an example, consider two coils
whose self inductances are L; and L, henries respectively
placed in close proximity to each other as shown in fig. 8.
When a current is passed through L, a magnetic field is estab-
lished and some of the magnetic loops are linked with the
second coil L,.

il
',/M"/ll W '&\\ A2y
ANNSY/
AN
|

FIG. 8—Illustrating the degree of coupling of two coils.

Let M be the mutual inductance in henries between the
coils. Now if the current in L, is varied by changing the rheostat
setting the flux linked with L, will be vatied in proportion and
an E.M.F. will be induced in L,. The value of this secondary
induced E.M.F. is equal to M X (rate of change of primary
current). The degree of magnetic coupling obviously depends
upon the proximity and relative positions of the two coils and is
expressed numerically as the ratio of the mutual inductance to
the square root of the product of the individual self induc-
tances. This is called the co-efficient of coupling and is given

by K= VL, XL,.

This number cannot exceed unity, and in practice never
reaches unity. Coils are said to be tightly coupled when they
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are brought close together to give a relative high value of M and
K and vice versa. The tightest coupling is obtained when two
coils are wound on the same form (as for example in a trans-
former) or with the wires wound side by side, but even in this
case the co-efficient is less than unity.

Example.—The mutual tnductance of two coils L, and 1., is
160 micro-henries. If their self-inductances are 1.,=150 and
L,=275 micro-henries respectively, what is the value of the co-
efficient of coupling in the system?

Solution.—Since the co-efficient of coupling is expressed by

M
. K= . .
the relation —\/ LxL. by substituting
K= S OV o0 or 799, approximately

/150275 203

It should be observed that since in problems of this kind only
a ratio between the mutual induction and self-inductances are
required the values may be expressed in henries, milli-henries
or micro-henries.

Example.—Determine the resonance frequency and wave-length
of a circuit containing a coil of 500 micro-henries inductance and a
condenser of 0.005 micro-farads capaciiance.

Solution.—The frequency of resonance may be determined
from the following formula:

F= 27v/IC \/ c
farads respectively, the following is obtained:

by substituting L, and C in henries and
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1
f 21V 5% 104 %5 X 10-°
100.7 kilocycles.

In a similar manner the wave-length in meters may be obtained
from the formula for natural wave-length L=1,885V L XC.
Where L and C are expressed in micro-henries and micro-
farads, and L, is the wave-length in meters. By inserting
the above values L=1,885 V500x0.005 or 2979 meters
approximately.

=100,700 cycles per second or

CONDENSERS

Condensers in Series and Parallel.—When condensers are
connected in series or parallel, the effect is just opposite to that
of connecting resistances and inductances in series or parallel. A
simple method, therefore and one which is easy to remember
is as follows: Capacities connected in series should be added in
similar manner as that of resistances connected in parallel, and
capacities connected in parallel should be added similarly as
that of resistances connected in series. Thus, the total capaci-
tance of two or more condensers connected in series may be
written:

1 1 1 1

1

1 1 1
atate

C=

Where C is the combined capacitance and C;, C; and C; are
the individual capacities.

Where two or more condensers are connected in parallel the
total capacitance C=C,+4C;+C;, etc. In this formula C;, C;
and C; represent the individual capacities.
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SERIES CONNECTIONS

C1 C2 C3

w D)
4
1
1 1 1
A+ 244
! Ci Co Cs3 S

FIG. 9—Mathematical relation between the total capacitance and the indi-
| vidual capacities when connected in series combination.

O
I

Type of Condensers.—Condensers for radio application may
be classified according to their construction as:

1. Mica and paper type
2. Electrolytic type
3. Ganged or air type.

Their capacity may be either fixed or variable.

As the two first classes utilized in radio circuits do not vary
appreciably from those employed in other electrical systems,
we shall here deal only with the ganged condenser type used in
tuning of radio circuits.

This type of condenser generally consists of two parallel
connected sets of plates of which one is stationary and the other
movable.
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PARALLEL CONNECTIONS
e 4( —Q

2RI ] =
e BT e e —
Cy C2 Cs
& . —0
C=0C;+C,+C;

FIG. 10—Illustrating condenser connection and mathematical relation between
- -the total capacitance and the individual capacities when tonnected in parallel
combination.

INTERMEDIATE MAXIMUM
&I\w\%ﬁw o CAPACITY CAPACITY
STATOR
PLATE A\
V4
® o
ROTOR
“—PLATE

—ﬂﬁlNG SYMB‘O—L!(__

FIG.-11—Arrangement of straight line capacity condensers for va.rlous ca-

pacities.
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The movable plates are made to intermesh (without touch-
ing) with those of the stationary plates, and the maximum
capacity is obtained when the full areas of the two sets of plates
are exposed to each other, and for various other positions some
‘ intermediate value of capacitance exists.
| The ganged type of condenser is usually made of brass or
aluminum sheets. Commercial types are stamped in a die press
} and will hence be very exact in shape and size.
Condensers of this kind are usually rated by the total number
} of plates in the combination; that is, a condenser having 8 plates
~in the rotor and 9 plates in the stator would be rated as a
‘ seventeen plate condenser.
| When it is found necessary to accomplish very small changes
in capacity, the condensers sometimes are provided with one
additional plate, which may be separately rotated, and when so
| used are called vernier condensers.
‘ Commercial types are made with various standard capaci-
~ tance values, and the relation between the number of plates and
their maximum capacity in microfarads is approximately as
follows:

No. of Max. Capacity in
Dblates microfarads

11 0.00025

13 0.00025

17 0.00035

21 0.000365

23 0.0005

Straight Line Capacity Condensers.—Condenser plates of
- this type are semi-circular in shape, and the change in capacity
i is accomplished by rotation as previously discussed. However,
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due to the geometrical form of the plates, the capacity will vary
in direct proportion to the angle of rotation, i.e. if a change in
capacity of 0.0001 Mfd. be made by changing the rotor setting
from 15 to 20 degrees, a similar change in capacity will be made
by changing the setting from 35 to 40 degrees.

(b) (¢

FIG. 12—Shape of rotor plates in various type air condensers. Figs. a, b, and
c represent straight line capacity, straight line frequency and straight line
wave—length respectively.

Straight  Line Frequency Condensers.—In modern con-
densers, however, for convenience in tuning, the condensers are
made with logarithmic plates, i.e. the shape of the plates are
such that a linear relationship exists between the rotor setting in
degrees and the frequency in the circuit.

The advantage of this arrangement is obvious since the
primary employment of the gauged type condenser in oscilla-
tory circuits is for adjustment of frequencies.

The frequency of such a circuit varies inversely as the square
root of the capacity, and the wave-length varies directly as the
square root of the capacity, hence it is evident that in order to
obtain a direct relationship between the rotor setting in degrees
and the frequency in the circuit, the rotor plates must therefore
possess an exponential characteristic.
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Example: A condenser of 0.0002 Mfd. is conrected in series
with one of 0.002 Mfd. What is the value of the resulting capaci-
lances and what would be the capacity if they had been comnected
in parallel?

Selution.—If C denotes the resultant capacity of the two
capacities in series, then according to the aforementioned
formula:

1 1 1
~C =0.0002 T 0.002 *
~&=5,000-+500=5,500 from which follows that—

1
5,500

C = or 0.00018 Mfd. (approximately)

If connected in parallel the total capacitance is simply the
sum of individual capacities or 0.002+0.0002 which adds up to
0.0022 Mfd.

Code colors for indication of resistor values. —The
Standard Radio Manufacturers’ Association Code (R.M.A.
color code) for resistor values is as follows: With reference
to fig. 23 the resistor has 3 colors; a body color, a tip color and
a central dot color. The dot color indicates the number of zeros
or ciphers to be added to the numerals of the other two colors;
.and the color of the body is taken first; for instance, if the
body color be blue, which means 6, and the tip color be red,
which means 2, and the dot is orange, which means 3 ciphers
(000), the resistance of the resistor is 62000 or 62,000 ohms.

. The color values are as follows:




- ER] :—

Resistors, Inductors and Condensers 183

Color Bodv and tip numerals Dot ciphers
Black.............coil 0 TP —
Brown...................... Lo 0
Red......oveeiinaennnn.. 2 .+.00
Orange..........covvvevnn.. 5. 000
Yellow. ...ovvvvinenennnn... 4. . 0000
Green. ... .ovueveieannnnn.. B et e e 00000
Blue................... 520600050500050000000000¢ 000000
Violet.........oiiiinn... Y P 0000000
Gray........coiiiiiiiianna. 8. 00000000
White........ooiiiiiiaane.. e 000000000

If no difference in colors.are visible, the colors are assumed
to be the same and their values are accordingly. For instance,
an all brown resistor would te 1, 1, 0; or 110 ohms.

TP DOT
/ g )

BODY

l<——————CONNECTORS -

FIG 23—Illustratmg Standard Radio quufactn:e:s,Aaeociaﬁqn (&W )
color code for carbon resistance.
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500,000
400,000

300,000
DIRECTIONS 4
Lay straight edge on any two known quantities. Read unknown 200.000
quantity on third scale. [ 150.000
Dotted line illustrates example of a'10,000 chm resistor dissipat.
ing 1 watt at 100 volts. 100,000
[ 80000
60.000

50.000

40000

E' W = Powerin Watts 30,000
Wa — E = Voltage in Volts
R R = Resistance in Ohms 20000

- 15.000

4(‘1000

- 8.0n0
- 6000
5,000
L 4,000
- 3,000
- 2,000
- 1509

- 1009
- 800
60N
[ 500
40n
300

- 2’00

150
- 1070
X
6

VOLTANE
VO

FIG. 24—Convenient table giving the scalear relation between resistance
(R), voltage (E) and power (W). With the chart and a straight edge any of
the above quantities can be determined if the other two are known.
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CHAPTER 9
Transformers

The alternating current transformer represents an example
of the practical utilization of mutual inductance. By definition
a transformer is a form of stationary induction apparatus in
which the primary and secondary coils or windings are ordinar-
ily insulated from one another, their relative position being
fixed. In the case of low frequency and power transformers, the
primary and secondary windings are wound on a common iron

LAMINATED
CORE -,

SECONDARY

PRIMARY
WINDING TERMINALS WINDING TERMINALS

FIG. 1—A transformer in its simplest form consists of two separate and dis-
tinct coils of insulated wire wound around the laminated iron core, as shown
in the above representation.

core as shown schematically in fig. 1. In this case, the co-effi-
cient of coupling approaches 1009, but for radio frequency
transformers the windings are usually carried on a non-mag-
netic form and are hence said to be asr cored.
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Transformer Function.—A transformer does not generate
power, its purpose being merely to change the power from one
voltage to another. Generally when used in connection with
transformation of large amounts of power, from one voltage
to another, a transformer utilized to raise the received voltage
is called a step-up iransformer, and when used to lower the
voltage, a step-down transformer. ‘

PRIMARY }
CIRCUIT

SECONDARY CIRCUITS

FIG. 2—Typical schematic diagram of power transformer used in radio work.

In radio service, a power transformer is used to supply a
high voltage to the rectifier tube for rectification of the alternat-
ing current, (furnished through the wire cord leading from the
wall outlet to the transformer) and also to supply the filament
or heaters with the required voltage and current. For this pur-
pose, the transformer is usually equipped with a single primary
winding and several secondary windings as shown in fig. 2.
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Transformer Theory.—A transformer is said to be loaded
when a current is flowing in the secondary coil. When the
secondary circuit is open and an alternating current from the
power line flows through the primary coil, it causes an alternat-
ing magnetic flux to flow in the core.

This magnetic flux rapidly rising, falling and changing direc-
tion with the impressed frequency, cuts both primary and
secondary coils and induces a voltage in each.

‘The voltage produced in the primary coil is opposite in direc-
tion and nearly equal to the voltage in the power line. The volt-
age of the secondary coil is proportional to the number of turns
of the wire in the primary and secondary coils.

The choking effect produced within the highly inductive
primary coil, allows only a small current to flow continually
through it. This small current, proportional to the difference
between the power line voltage and the voltage or counter
electromotive force of the primary coil, keeps the core mag-
netized and maintains the voltage in the coils.

When the secondary circuit is closed a current flows through
it. This secondary current is opposite to the primary current
and its magnetizing action in the core opposes and neutralizes
to a certain extent the primary flux and reduces the choking
effect or counter electromotive force. In the primary coil when
this happens more current rushes into the primary coil from the
power line and balances the de-magnetizing action of the
secondary current. ‘

In this way the transformer is made automatic and main-
tains its core flux practically constant regardless of the load on
the secondary. The variation of the load through the primary
varies directly with the load on the secondary.

Relation of Voltage in Primary and Secondary Coils.—The
induced electromotive force in a transformer coil is due to the
three factors: flux, frequency and the number of turns.
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Assuming a sine wave current, the fundamental equation
used in transformer design is as follows:

E=‘ﬁ4—x{~3§¢x"" ............. e, )

where f=frequency in cycles per second
¢ =maximum flux on the sine wave
N =number of turns in the respective coils.

The voltages in the secondary and primary coils are pro-
portional to their respective turns as both have the same fre-
quency and are cut by the same flux. It has also been found
that—

where B =maximum flux density in lines per square inch.
A =cross. section area in square inches.
, If BX A be substituted for ¢ in equation (1) then

-44xB fO,N L N @)

This formula may be used in transformer calculations as
shown in the following example.

E

Example.—In designing a special 60 cycle step-down trans-
Jormer a core of 2 sq.ins. cross section was chosen. Using a flux
density of 65 kilolines per square inch of the core area, what will
be the voltage of primary and secondary winding if the turns are
320 and 80 respectively?

Solution.—
5 it ><65,00(1)3§320 X60X2 _ 110.8 volts
E, =444 X65,000X80X60X2 _ o0 7 o 1

108
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Another handy formula for small power transformers is
ohtained by solving equation (3) with respect to turns per volt.

N 108
T = 4‘@ B§< m ................................. (4)

A useful transformer design chart based on this equation is
shown in fig. 3 in which the left column represents the flux
density (B), the centre column the core area (A4) and the right
column the turns per volt.

Using the data given in the previous example with respect
to the primary winding, it may readily be found that if a
straight line is drawn through the chart at 65 kilolines per
square ihch, and 2 square inches aréa, the line will intersect the
right column at approximately 2.9 turns per volt, which is

2 ..
equal to % being the primary number of turns divided by
the primary voltage.

It is customary to change the turns per volt to an even num-
ber so that the proper center taps may easily be made.

Due to the previously described automatic action of the
transformer which causes the core flux to remain constant regard-
less of load, the primary and secondary induced voltages remains
practically constant, hence:

E,_ N,
B A VA )
Where E,=voltage of primary coil
E, =voltage of secondary coil
Ni=number of turns in primary coil
N;=number of turns in secondary coil.

It follows from the above that if N 1and N, are the number
of turns in primary and secondary coils respectively, and if a
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FIG. 3—Turns per volt chart. When it is desired to use flux density in kilolines
per square centimeter as well as the core area in square centimeters re-
spectively, the data supplied at the left and center columns of chart should
be used. ’
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voltage E, is impressed on the end of the primary coil, the
secondary voltage is given by the following relationship

E:X N
P 2 000060800665 500500 900 3 REREAEAEA000C 6)

A
| 1

FIG. 4—Simple diagrammatical representation of typical transformer.

N

Example.—What will be the ratio of the primary and
secondary turns in a power transformer having 110 volis impressed
upon the primarp coil when 660 volts is required across the Dlates
of the rectifier tubes?

Solution.—
E, N, 110 N, 1

E- N 60" N, "6
That is the secondary coil should have six times as many
turns as that of the primary coil.

Ampere Turns.—When a load of impedance Z, of some form
is connected across the secondary coil of a transformer as shown
in fig. 4, a current flows in the secondary winding and this in
turn reacts back on the primary winding through the medium
of the mutual induction. Therefore, the current taken by the
primary winding will depend upon not only the impedance of
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the secondary winding itself, but also on the amount of current
flowing in the secondary, although there is no direct electrical
connection between the windings.

The extra current taken by the primary winding of a trans-
former when a current is allowed to flow in the secondary is
exactly proportional to the secondary current and these two
currents have equal and opposite magnetic effects on the core,
the extra primary ampere turns just opposing the secondary
ampere turns, so that apart from the initial magnetizing current
11XN1=IgXNg ....................................... (7)

Example.—If in a certain step-up transformer, the turns of the
primary and secondary windings are 40 and 400 respectively,
what will be the current ratio?

Solution. —Inserting the values in equation (7) the following
is obtained:
44600 f’ or the current ratxo=%

frora which it follows that the current in the primary winding
is ten times larger than the current in the secondary winding
or I, 1= 101 2.

This is just the reverse compared with the relationship for the
electromotive force, therefore a transformer which steps the
voltage up will step the current down in the same ratio and vice
versa.

Consequently the products of primary volts and amperes is
approximately equal to the products of the secondary volts and
amperes for iron cored transformers, but these conditions do not
hold true for r.f. transformers where the coupling co-efficient is
considerably less than unity.
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Types of Transformers.—The two transformer types usually
found in radio work are:

1. Core type
2. Shell type.

The core types shown in figs. 5 and 6 may have either a closed
or open magnetic circuit, and are thus referred to as the
closed core type and the open core type.

The open core type consists primarily of two windings,
wound on a straight piece of laminated iron. This type of con-
struction is very economical, but on account of very large
leakage losses (its magnetic path being completed mainly
through the surrounding air) it is used very sparingly in the
radio field. . T

PRIMARY  SECONDARY
JERMINALS,  TERMINA

IRON CORE

CLOSED CORE TYPE
FIGS. 5 and 6|—Closed and open core-type transformers respectively.

OPEN CORE TYPE

In the closed core type the windings are generally placed
opposite each other as shown in fig. 5. the sides supporting the
windings are referred to as the “core legs.”

The coils generally consist of closely wound cotton insulated
copper wire, dimensioned so as not to cause excessive heating,
i.e. the wire should be of sufficient size to carry the load of the
transformer without over-keating. :
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Insulation.—In transformers of higher voltage each layer
of the winding is usually separated from the next by a thin
insulating paper, in order that the effective voltage between
each layer may not break down the insulation, causing a short
circuit between the wires.

The best possible economy is secured when the winding en-
closes a maximum of core area with a minimum of wire, and
when in addition the magnetic path is the shortest possible. A
method widely adopted in small transformer design is the use of
a single winding form, all secondaries and primary being placed
on one leg of the core.

PRIMARY SECONDARY

TERMINAL TRMINALS SECONDARY

PRIMARY WINDING TERMINALS

SECONDARY WINDING

CORE

PRIMARY
TERMINALS

FIGS. 7 and 8—Shell and open core type transformers having the primary and
the secondary winding placed directly on top of each other.

Shell Type Transformers.—Referring to fig. 7, this type has
a completely closed core with a centre and two outside legs,
forming two outside parallel paths for the magnetic lines of
force.

On account of the above mentioned feature, this type has a
very low magnetic leakage, and is hence most commonly used
for power and audio transformers in the radio field.




Transformers 195

As shown in fig. 7, the windings are placed directly over each
other on the centre leg, thereby providing for an economical
and compact design.

Transformer Losses.—All of the energy drawn from the
power line by a transformer is not transformed. The various
losses incurred in the transformation process are known as
hysteresis loss, eddy current loss, iron loss, copper loss, magnetic
leakage loss, etc.

The hysteresis loss is energy spent in overcoming the fric-
tion between the molecules of iron as they move backward and
forward with the change of direction of flux; this is theoretical
as some believe it is the natural resistance of the metal to the
flow of flux and that the molecules of iron do not move back-
ward or forward.

The eddy current loss is the energy spent in the heating
action of the induced currents in the iron core by the varying
flux. Voltages are induced in the core by the alternating flux
and these voltages produce eddy currents.

Iron losses are practically constant with or without load and
are manifested by heating. The energy loss in overcoming the
ohmic resistance of both coils of the transformer when current
flows through them (I2R) is known as the copper losses.

Copper losses vary directly with the square of the current
due to the load of the transformer. The total copper loss in the
transformer is (12X R,) of the primary, plus (I:2X Rs) of the
secondary. ’ '

Magnetic leakage is another loss. When the magnetic line of
force flows through the core some of them do not interlink both
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coils, thus causing an inductive resistance or counter electro-
motive force in the primary coil, which is not transmitted to the
secondary coil and therefore causes a loss of voltage analogous
to the ohmic resistance loss of the primary winding.

?-q— E, ——

E:

Iy A

I

H LLUb

[LAMINATED CORE

——

FIG. 9—Typical schematical representation of an auto-transformer in which
E, is the primary and E: the secondary voltage.

Transformer_Efficiency.—On account of the relatively small
power involved in radio transformation, there is no urgent
need for high efficiency. Generally an 809 efficient trans-
former which takes 75 watts to supply 60 watts is satisfactory.

The efficiency of a transformer may be written in the form of
an equation as follows:

EhGeny output of secondary

output of secondary +transformer losses

when the iron loss is small the transformer has a high efficiency
on light loads. When the iron loss is equal to the copper loss the
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transformer has a high efficiency on full load or overload,
The efficiency of a transformer may also be written:

output in watts of secondary
input in watts of primary

Auto-transformers.—The auto-transformer is commonly used
in audio frequency amplifier couplings, and in connection with
battery chargers, bell ringing transformers, etc.

Principally the auto-transformer consists of one coil tapped
at certain points, dividing it into parts, any part of which can
be used as primary or secondary. The ratio depends upon the
number of turns in each part.

On account of its simplicity this form of transformer is econ-
omical to build, but is hazardous on high voltage and should be
used only for small ratios of transformation. The transforma-
tion at low ratios is accomplished partly by transformer action;
however, at higher transformation ratios more and more of the
power is transformed by regular transformer action and less by
direct conduction.

Wire Size.—After the current in each winding has been
obtained the wire size is determined by the number of circular
mils per ampere. Generally it is considered safe to use 1,000
circular mils per ampere for transformers of less than 50 watts,
and 1,500 circular mils per ampere for larger transformers.

The design, repair and service of radio and electrical appara-
tus will be greatly facilitated by utilizing the copper wire table
shown on the following page. The reader is, therefore, advised
to familiarize himself with this time saving wire table, as it is an
easy matter by means of it to find the relation between a certain
wire gauge and its diameter in mils, area in circular mils, the
number of turns per linear inch, resistance in ohms per 1,000
feet of length, etc.
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COPPER WIRE TABLE
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since the thickness of the insulation varies with different manufacturers.

3 The current-carrying capacity st 1000 C.M., per ampere is oqual to the circular-mil ares (Column 8) divided by 1000,

1 A mil is 1/1000 (one thousandth) of an inch,

2 The figures given are approximate only,
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CHAPTER 10

Broadcasting Stations
(Transmitting Apparatus)

The essential elements of a small transmitting station are as
follows:

1. Source of Energy.—(Such as a storage battery, a.c. or
d.c. supply, diesel engine cr any other source from which energy
might be obtained.)

2. Microphone Circuit.

3. Speech Amplifier Circuit.—(This is actually one stage of
audio amplification.)

4. Modulator Circuit.—(The function of the modulator
tubes is to force the amplitudes to vary in size according to the
characteristics of the audio-frequencies.)

5. Oscillator Circuit.—(The function of which is to convert
the available energy into the desired form of high frequency
current.)
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6. Antenna.— (From which radio waves emanate. The height
of radio transmitting antennas employed vary, and may reach
up to 400 feet, as in case of antennas employed by large com-
mercial broadcasting stations.)

FIG. 1—Radio broadcasting station showing speech input equipment and con-
trol switchboard. (Courtesy Western Electric Co.)
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General Principles.—With reference to fig. 3, broadcasting of
radio entertainment or programs received by means of radio
- receivers are generated by various sound waves and generally ‘

FIG. 2—General view of antenna system of a larﬁe transmitting station show-
ing two steel towers each 385 feet high and the transmitter house off to one
side. (Courtesy Western Electric Co.)

proceed through the broadcasting equipment in the following
manner:

The speaker (1) for example, produces sound which causes
air to vibrate in front of the mouth (2) which in turn causes the
diaphragm of the microphone (3) to vibrate, The microphone
changes the mechanical vibrations into varied electric currents

‘ (4); an amplifier (5) amplifies this current as at 6).
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BROADCASTING PRINCIPLES
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FIG. 3—Schematic illustration of broadcasting principles.
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An oscillator or high frequency producing device (7) in the

} meantime produces radio waves (9) for broadcasting. A modu-

- lator (8) modulates or changes these radio waves to travel as
sound waves.

The varied currents (6) enter the modulator (8) and cause
the radio waves (9) to float out as at (10) conforming to the
electric sound waves. An amplifier (11) amplifies the modulated
radiowaves as at (12) which enter the antenna (13) and ema-
nates as radio waves into space at (14) to be picked up by

~ receiving antennas. '

Modulation.—From the foregoing it is obvious that the
fundamental principles of broadcasting are essentially those of
radio transmission, with the addition of means for combining
the speech or music vibrations into regular radio waves.

The process of varying the amplitude of the various radiated
waves is known as modulation, of which there are several pos-
sible forms, such as:

1. Antenna modulation
2. Grid modulation
3. Plate modulation, etc.

Antenna Modulation.—In this method the desired result is
obtained by accomplishing changes in the antenna impedance,
such as that shown in fig. 4. However, this system is unsatis- -
factory and hence is not used in practical radio transmission

- Systems.

‘ Grid Modulation.—This system is unsuitable for high power
transmitters on account of the fact that with a high power out-
put of the oscillator, it is difficult to vary the grid voltage suffi-
ciently to affect modulation; but is employed sometimes in

- small radio telephone units.
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STOPPING CONDENSER
‘{l HIGH FREQUENCY

! GENERATOR ‘
2 CHOKE
| COIL
M L Uy
& ey |

v
FIG. 4—Antenna modulation system. The functioning of this system is sub-
stantiallyasfollows: When the diaphragm associated with the microphone o)
, 'is set in motion by a sound wave, there will be induced a potential corre-
sponding to the sound pattern in coil L, which in turn causes the grid poten-
tial and the internal plate resistance of the tube to fluctuate accordingly.
As a consequence of this change, the equivalent resistance of the antenna
circuit denoted by resistance (R) will dlso be varied according to the pattern
.of the sound wave actuating the diaphragm, finally causing a change in the

radio frequency current sent out by the antenna.

i ICROPHONE
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R. F. CHOKE
CoIL ANTENNA

voy OSCILLATOR
MODULATOR
TUBE e =JF
[ A

POWER
—:()r SUPPLY. UNIT

FIG. 5—Circuit diagram showing essential etements for accomplishing plate
modulatien. In practical installations two or more stages of pewer amplifica-
tion is usually interconnected between the micraphene circuit snd the modu-
lation tube.
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Plate Modulation.—Modulation by this system, sometimes
known as the Heising modulation method is accomplished by
varying the power input of the plate of the oscillator. (See fig.
5.) On account of the fact that this'system has been found much
more efficient than others, it is extensively employed in high
power stations. :

From a study of fig. 5, it will be seen that the plate potential 1
of both the oscillator and the modulator tube is supplied from a
' common source through a choke coil which has such a large
inductance that neither the radio nor the audio frequency cur- y
rent can pass through it.
) The RF choke coil in the plate circuit of the modulator tube
' Now prevents the modulator tube from operating as a by-pass
for RF currents, but permits AF currents to flow through the
circuit, .
When talking into the microphone the grid potential of the
modulator is varied, and hence -also the modulator plate cur-
rent, and the amplitude of the radio frequency oscillations
varies accordingly.

To obtain the best possible results, it is desirable that for
speech or music of considerable intensity, the amplitude of the
-RF oscillations shall -have maximum variation from zero to
«double the amplitude corresponding to no speech. :

.' How a Vacuum Tube Oscillator Works.—A vacuum tube
may be used as a generator of high frequency voltage and when
:80 used, it is called an oscillator.

. When the vacuum tube is 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 a coupling between the \
grid- circuit and the oscillator circuit, and also between the
plate and the oscillatory circuit as shown in fig.6. - - -
|

-
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The operation is fundamentally as follows: With switch S
open and S’ closed, the B battery sends out a steady current
through the choke coil and the internal plate circuit.

Condenser C prevents this d.c. current flowing through coil
L, when S is closed, thus preventing discharge of the B battery
through coil L, and also making the reactances of the circuit
LC to radio frequency current low.

STOPPING
¢ == CONDENSER

¥IG. 6—Modified Hartely type oscillator circuit.

When S is closed a surge in current takes place via con-
denser C and coil L, which is absorbed from the internal plate
circuit. Since the choke maintains the battery current 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 con-
denser 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.
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current must flow down through 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 condenser 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 the 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.

’ Because of the choke coil in the battery circuit, the increased

Oscillating Plate Current Characteristics.—On account of the
amplifying action of the vacuum tube, the alternating voltage
across the grid condenser C’ (fig. 6), during a given cycle would
result in an increased alternating voltage across the coil L, in
the plate circuit, and consequently with sufficient close coupling
between L and L', the voltage induced in coil L', would be
greater than that which previously existed across the con-
denser C’.

-_f--
¢DC E

FIG. 7—Oscillating plate current characteristics.
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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 the plate current varied between some maximum or
- some minimum determined by the coupling and the circuit
constants. The form of this oscillating plate current is shown
in fig. 7.

/e

OSCILLATOR MODULATOR

=3 ) -7
j, | " -I;w
2,000 VOLTS
mmsron -__J_
so VOLTS
25 cvcur.
SOURCE

FIG. 8—Simplified schematic circuit diagram of a broadcasting station.

CH AMPLIFIER

Power Supply.—Generally high power radio broadcasting
stations receive alternating current of low voltage. This current
is stepped up or transformed to high voltage, and then rectified
by special designed vacuum tubes, known as mercury-vapor
rectifiers.

These tubes when used in connection with large capacity sta-
tions, are of considerable size and may be mounted and inter-
connected, as shown in figs. 10 and 9.
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The mercury vapor rectifier tubes are designed for use in high
voltage devices and will supply high voltage d.c. power at uni-
form voltage, which in some instances may reach up to 20,000
volts.

Other large water-cooled vacuum tubes are connected as |
oscillators producing the high frequency carrier current.

TRANSFORMER
SECONDARY

17,000 VOLT
RECTIFIER UNIT

TRANSFORMER
PRIMARY

B

RECTIFIER TUBE

440 VOLT 60 CYCLES
3¢ A C. SOURCE

|

.,L.- 2

FIG. 9—Showing the incoming line of 3-phase alternating current. When
properly rectified this system provides a smoother d.c. current than that
ebtained by single phase rectification. The rectifiers deliver an output direct
current of 17,000 volts.
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FIG. 10—View of 17,000 volt rectifier tube unit installation. (Courtesy Western
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FIG. 11—Interior view of coupling house showing details of network through
which the concentric transmission line branches three ways—each branch
feeding a separate antenna.

How Crystal Oscillators Work.—The operation of crystal
controlled oscillators depends upon the so called Piezo-electric
effect in quartz crystal.

Among the many uses of crystals in radio oscillator circuits is
that of a master oscillator or primary frequency standard, con-
trolling the frequency of radio transmitting stations output, as
standard for instrument manufacturers, etc. :

The natural crystal of quartz is in the shape as shown in fig.
12. The axis parallel to the lengthwise natural edges is called the
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optic: axis, and the axis perpendicular to the natural edges is' -
called the electrical axis. There is also a third axis perpendicular
to the other two which in the figure is designated as the B axis.

ELECTRICAL
AXIS

¢
——— . -

A B-AXIS
FIG. 12—Natural quartz crystal.

Considéring a crystal shown in fig. 12 with the black volume
removed and mounted as shown in fig. 13 it has been found that
this slab if subjected to an electric pressure of proper sign along
its electric axis, the crystal expands along this axis and contracts
along the B axis. The reversal of the electrical pressure causes
a reversal of these expansions and contractions.

It has also been found that when subjected to mechanical
pressure tending to contract it along the B axis and expand it'
along the electrical axis, an electromotive force is developed in
the crystal along its electrical axis. The electromotive force so
developed is opposite in sign to the external electric force which
would have produced a corresponding expansion and contrac-
tion of the crystal. Hence if an alternating electromotive force
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is impressed across the crystal as shown in fig. 14 the crystal will
expand and contract along its vertical axis and at the same time
contract and expand along its horizontal axis. -

ELECTRICAL
AXIS

FIG. 13—Mounting of the crystal.

It is a well known fact that a body capable of mechanical
vibrations, has a certain natural frequency of vibration, and so
the crystal in this instance has a certain natural frequency of
expansion and contraction along the vertical axis and some other
natural frequency along its horizontal axis, and each one of these
frequencies depends upon the actual dimensions of the crystal
itself.

The thicker the crystal be cut the lower the frequency to
which it will vibrate. From the above it will be readily under-
stood that the manner of cutting crystal is of paramount im-
portance, not only in regard to its thickness, but also to its
optical axis.
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FIG. 14—Illustrating the action of crystal when an electro-motive force is
applied.

—NVWW\-

SWITCH 7‘

= — |

[ CRYSTAL

FIG. 15—Crystal oscillator circuit. When a crystal is connected as shown, and
the switch be closed for a short period, the condenser formed between the
plates of the crystal mounting will be charged, thus subjecting the crystal to
an electrical strain, which causes the crystal to expand along the vertical
axis and contract along the horizontal axis. When the switch is opened, the
electrical strain on the crystal will be relieved and so will tend to return toits
previous form, on account of its mechanical properties. However, the crystal
will vibrate at one of its own natural frequencies during a short period. The
particular one of the two frequencies is dependent upon the constant of the
circuit and may be adjusted from one to the other by adjusting the induct-

ance.
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CHAPTER 11

Principles of Radio
Telephony

Radio telephony may be defined as the transmission to a dis-
tance of speech, music and other sounds through space without
wire, by means of electro-magnetic waves.

In the standard system of radio telephony continuous waves
are used of much higher frequency than those of audible sounds.
The amplitude of those waves is modulated by the connection of
a microphone in the transmitting circuit.

Receiving apparatus are similar to those employed in radio
telegraphy and are designed so that the head set or loud-speaker
responds to the modulated waves and reproduces the sound as
originally sent in through the transmitter.

As radio telephony is principally a combination of the princi-
ples of vacuum tube transmitters and wire telephony, there is
actually no real boundary line between commercial concerns
engaged in telephone broadcasting and telephone companies,
hence radio companies are using telephone lines for long distance
relaying and telephone companies have installed broadcasting
stations.
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A most useful service of the radio telephony is by means of
communication between ships at sea and between ships and
shore. On large passenger lines, commercial telephone stations
are now in operation, and telephone extension service may also
be had from numerous harbor tugs, pilot boats and private
yachts.

WIRE TELEPHONE

E _ _ LINE WIRES —_ *_:m
==l
RECEIVER

RADIO TELEPHONE

ANTENNA ANTENNA
o [
3 _gﬁ RADIO WAVES
g |8 25
. & |RECEVER

MICROPHONE

FIG. 1—Diagrammatic representation illustrating similarity bétween wire and
radio telephone. 0 . ‘.

. It is thus possible for the personnel of the above to communi-
cate with their offices or homes when within range of a coastal
harbor radio telephone station. At present radio telephone serv-
ice is available to boats in the areas served by the shore stations
at Boston, New York, Miami, Seattle, San Francisco, Los
Angeles and Norfolk. ' ) )
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In this connection it may be mentioned, that the regulation of
the Federal Communication & Commission permits the opera-
tion of low power radio telephone equipment on boats, not com-
pulsorily equipped by persons holding a radio telephone third

TRANSMITTING _(f' | ARPLANE
ANTENNA

TELEPHONE
(CENTRAL OFFICE)

FIG. 2—Schematic diagram showing voice communication between ship or
aircraft and shore, by means of radio telephone.

class operator’s license. The Captain or a member of the crew
may obtain this license by passing an examination prescribed by
the F.C.C. requiring only knowledge of the radio laws and regu-
lations applicable to this service, and familiarity with the
method of operation of this type of equipment. A knowledge of
the radio telegraph code is not required.
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A typical marine radio telephone set of type shown in fig. 3
consists of the following:

1. Radio receiver
2. Radio transmitter

3. Selector set which operated on tone signals from the output
of the receiver

4. Control unit equipped with handset receiver

5. Power unit consisting of two dynamotors.
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FIG. 3—Marine Radio Telephone equipment. (Courtesy Western Electric.
Co.)

One of the dynamotors is to supply power to the radio trans-
mitter while the other provides for the receiver. Both dyna-
motors operate from a 12 volt storage battery. A 110 volt
generator can be used if this source of power is available.

The one disadvantage with radio-telephony is that the mes-
sage may be intercepted by outsiders. However, this lack of
secrecy has been successfully attacked by various scientists and
may eventually be put to use by commercial firms handling the

messages.
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FIG. 4—Marine Radio Telephone Control equipment within easy reach of the
pilot. (Courtesy Western Electric Co.)
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FIG. 5—Interior view of typical marine radio telephone station. (Courtesy
Western Electric Co.)
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CHAPTER 12

Vacuum Tubes

- .

Vacuum Tubes.—A vacuum radio tube in its simplest form is
somewhat similar to an électric light bulb, but contains a num-
ber.of metallic elements for various purposes for use in conjunc-
tion with radio transmission and reception. The parts of a
typical vacuum tube is shown below. ’

Fro. 1.—Parts and assembly of a typical glass radio tube. The filament, grid screen and
plate are sealed in the tube, from which the air has been removed. (Courtesy R.C.A.
Mfg. Co.)
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HEATER WIRE

Fro. 2.—Internal structure of a glass radio tube. There is at present a great number of tubes
utilized for various requirements. In radio applications they are used for amplifying radio
waves; for converting radio waves to sound waves; for converting alternating current to
direct current, etc. (Courtesy R.C.A. Mfg. Co.)
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Fro. 3.—Inside view of a metal radio tube. The inside parts are similar to those of a glass
radio tube. The housing of the parts consists of metal, which has certain advantages to
that of the glass in required electrical shielding. These types of tubes generally are smaller
and have a central guide pin projecting from the base for easy insertion in the sockets,
and are therefore not as a rule interchangeable with glass tubes. (Courtesy R.C.A,
Mfg. Co.)

Purpose of Vacuum Tubes.—The general purpose of a vac-
uum tube is to detect and amplify radio waves; for changing
alternating current into direct current; for. producing oscilla-
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tions or rapid electrical pulsations; for changing an electric cur-
rent of one degree of pulsation to those of another, and for
innumerable other purposes.

Materials Used in Vacuum Tubes.—The materials used for
housing the elements of a vacuum tube may be glass or metal—
sometimes a combination of the two. The essential difference
between metal and glass tubes is that the metal tubes as a rule
are smaller, and have a central guide pin for insertion in the
sockets and hence they are not readily interchangeable with
one another.

DIRECTION OF/FLOW

FILAMENT OR-—_
CATHQDE

.
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F10. 4.—Ihwstrating the flow ef dlectrons in'a vacuum tube. *
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Principles of Operation of Vacuum Tubes.—In any electronic
tube, thinny electrical charges called electrons jump from
a heated metallic surface, in a vacuum, to another metallic sur-
face and cause current to flow between the two when con-:
nected together as shown in fig. 4. This current flow is always
one-directional in that it will flow in ome direction only—never
in the reverse.

To produce such a flow of electrons, which constitutes an:
electric current the following fundamental requirements must
be obtained:

1. There must be a continuous source of supply for the
cathode which produces the current flow.

2. It must be maintained at the high temperature necessary
for the dissipation of electrons from it.

3. To produce this continuous flow of electrons a force must
be supplied to transfer them through space.

Now, as the electrons consist of infinitely small negative
charges of electricity, it is evident that they are attracted toa
positively charged body and repulsed by a sumlarly or nega-
tively charged substance. (See page 27.)

Hence if a second element (anode) be added within the vac-
uum enclosure and in addition be maintained at a positive po-
tential with respect to the cathode, it will in accordance with
the above reasoning, attract the negatively charged electrons
to it and at a rate which is dependent upon the rate at which
they are supplied by the cathode.

In its simplest form therefore a vacuum tube consists of two
electrodes—a cathode and an anode (sometimes referred to as.
filament and plate), the former emitting or discharging the
electrons and the latter acting as a collector of electrons. When
this condition exists the vacuum tube is called a diode or two—
electrode vacuum tube.

-
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Fa. 5.—Shows how a current will be registered by the galvanometer when the switch is con-
nected to make the insulated plate positive. The current flow, however, will cease when
the plate is made negative—the switch connects the insulated plate with the negative
terminal of the filament,

2
E

Electron Emission.—The phenomenon that electrons can be
made to leave a conductor when properly stimulated to do so
as in the case of a radio vacuum tube, is called thermonic electron
emission, sometimes called only electron emission.

The electron emission also known as the Edison effect was found
by the famous inventor in his early experiments with the in-
candescent lamp sometime before 1890.

Edison observed that when a metal plate was sealed inside a
lamp bulb so that it was between and separated the two sides
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of the carbon filament, but was entirely insulated electrically
from the filament, that an electric current flowed through a
galvanometer when connected between the outside terminal of
the metal plate and the positive terminal of the filament.

When on the other hand, the connection was reversed, and
the galvanometer connected between the negative terminal of
the filament and the outside terminal of the plate, the current
flow stopped.

Although this phenomena was known at this early date, its
availability could not be utilized, due to the absence of the
vacuum tube. It was only after discovery of the vacuum tube by
Prof. J. A. Fleming and Dr. De Forest that this perhaps
greatest invention in the twentieth century could be made
serviceable.

The flow of current can be amplified by small voltage changes,
the control of all changes is very marked and instantaneous in
action—there being no lagging, also the electricity utilized or
generated can be almost limitless in their number of pulsations.

This current flow or movement of electrons may be acceler-
ated by increasing the temperature of the conductor. Once free,
most of the emitted electrons, in a vacuum tube make their
way to the plate, but others return to the cathode, repelled by
the cloud of negative electrons immediately surrounding the
cathode. This cloud of electrons surrounding the emitting
cathode is known as the space charge.

A few of the electrons that reach the plate may have suffi-
cient velocity to dislodge one or more electrons already on the
plate. The dislodging of those electrons from the plate by
other fast moving electrons are called secondary emission.

When this occurs there is actually a 81multaneous electron
flow in two directions.
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¥F16. 6.—Views of two and three element vacuum tubes showing arrangement of prongs and
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Fi1o. 7.—Views of ‘our and five element vacuum tubes, showing arrangenw ot of 1'oongs and
wiring symbels.
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Vacuum Tube Fundamentals.—By definition a vacuum tube
consists of a cathode, which supplies electrons and one or more
additional electrodes whose function it is to control and collect
these electrons, mounted in an evacuated envelope. This
envelope may consist of a glass bulb or it may be the more com-
pact and efficient metal shell.

The outstanding properties of the vacuum tube lie in its
ability to control almost instantly the motion of millions of
electrons supplied by the cathode. On account of its almost
instantaneous action the vacuum tube can operate very effi-
ciently and accurately at electrical frequencies far above those
obtainable with rotating machinery.

As previously stated the electronic movement may be
accelerated by the supply of additional energy in form of heat.
When the temperature of a metal becomes hot enough to glow,
the agitation of the electrons becomes sufficiently great to
enable a certain amount of them to break away from the metal,
it is this action which is utilized in the radio tube to produce the

.necessary electron supply.

The Function of the Cathode.—A cathode is that part of a
vacuum tube which supplied electrons which are essential for
its operation. All cathodes in vacuum tubes are universally
heated by electricity. The method of heating the cathode may
be used to distinguish between the different forms. ‘

The simplest form of a cathode is in the form of a wire or
tibbon, heated directly by the passage of current through it as
in (b) and (c) fig. 8. Radio tubes having such filaments for
cathodes are sometimes referred to as Jilamentary tubes
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to distinguish them from tubes having indirectly heated
cathodes.

A common arrangement of an indirectly heated cathode is
shown in fig. 8 (a). Here the cathode consists of a metallic
cylindrical sleeve, usually of nickel, coated with a mixture of
barium and strontium oxides. This oxide coating is used on

HEATER INSULATOR

ATHODE
{ SLEEVING

OXIDE COATING

L 2

_«—FILAMENT WIRE

CATHODE SHEAT WIRE

AN

(a) (b) (¢)
F1G. 8.—Schematic diagram of directly and indirectly heated cathodes.

account of their property to greatly increase the electron
emission at a given temperature.

A lead wire from the cathode sheath is carried out to an
external tube terminal in order that the cathode may be main-
tained at any desired potential.
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The heater wire consists usually of tungsten and may be in
the form of a spiral or as in the illustration, in the form of a
hairpin threaded through parallel tubular holes in a ceramic
insulator. Tubes having cathodes of this type are referred to
as heater type tubes.

The heaters may be operated on either direct or alternating:
current. The one disadvantage of using alternating current
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wiG. 9.~Diagram of eonnection to a triode employing a filament transformer.

for the filament of tubes used in audio-frequency circuits, is
that it introduces objectionable hum in the output.

‘This hum may be lessened by connecting the plate and the
gridl circuits to the midpoint of the secondary of the trans-
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former, as shown in fig. 9. Generally, however, it is not possible
to use alternating current in the filament of tubes used in the
early stages of high-gain amplifiers. =

Classification of Tubes.—Tubes are usually classified ac-
cording to the number of electrodes present, so for example a
two-element tube is called a diode; a three-element tube a
triode, and so on to tetrodes and pentodes. A pentode there-
fore is a tube having five elements. See pages 228 and 229.

Tubes may also be classified according to whether there be
high vacuum, gas or an element which vaporizes in the bulb.

Diodes.—From the foregoing it is evident that electrons are
of no value in a tube unless they can be controlled or made to
work according to a pre-determined schedule. The very
simplest form of tube consists of two electrodes—a cathode
and a plate, and is most often referred to as a diode, which is
the family name for two-electrode tubes.

In common with all tubes, the electrodes are enclosed in an
evacuated envelope with the necessary connection projecting
out through airtight seals. The air is removed from the
envelope to allow free movement of the electrons and to prevent
injury to the emitting surface of the cathode. If the cathode
be heated, electrons leave the cathode surface and form an
invisible cloud in the space around it. Any positive electric
potential within the evacuated envelope will offer a strong at-

- traction to the electrons.

|
" Ina diode, the positive potential is applied to the second
electrode, known as the anode, or plate. The potential is
supplied by a suitable electrical source connected between the
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plate terminal and a cathode terminal. See fig. 10. Under the
influence of the positive plate potential, electrons flow from the
cathode to the plate and return through the external plate-
battery circuit to the cathode, thus completing the circuit.
This flow of electrons is known as the plate current and may be
measured by a sensitive current indicator.
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BATTERIES
FiG. 10.—Connection diagram for a two electrode tube,

The Diode as a Rectifier.—It is obvious that under no con-
ditions can the current flow from the plate to the cathode, i.e.,
the tube is as far as the direction of the current is concerned a
one-way proposition. Increasing the positive potential will
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of course increase the flow of electrons from cathode to plate and
consequently increase the current flow in the plate circuit, but
if the plate is made negative instead of positive it will repel the A
electrons and no current will flow. |

TRANSFORMER

2

PuaTE S
CURRENT
AC. SOURCE OuT-PUT
FILAMENT
— o
HALF - WAY
RECTIFIER
y aame
\\ /
/
\ //
\\ rd
~ ~e—”

F16. 11.—Connection diagram of the half-wave rectifier. The rectified current is depicted on the
upper half of the wave diagram.

The diode therefore acts as an electrical valve that will permit
current to flow in one direction, but not in the other. It is
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this characteristic of the diode that has been utilized as a means
of converting or rectifying an altematmg current into a direct
current.

The diode is therefore commonly used as a signal rectifier or
detector in a radio receiver, and as a power rectifier in the unit
employed to change the a.c. house current into a direct current
for the operation of home receivers or transmitters.

Diode rectifiers may have one plate and one cathode and are
as such called half-wave rectifiers, (See fig. 11) since as stated the.
current can flow only during one-half of the alternating current
cycle.

Full Wave Rectifier.—If two plates and one or more cathodes
are used in the same tube, current may be obtained during both
halves of the alternating current cycle as shown in fig. 12. The
tube is then called a full wave rectifier. If as in the diagram
shown the rectifier tube be connected to a power transformer,
the primary of which is connected to a 110 volt a.c. source,
then the disposition of the voltage developed in the secondary
of the transformer winding will be such that the center tape
will be at zero voltage with respect to terminals 1 and 2, and
during the period terminal 1 is positive, terminal 2 will be
negative.

Therefore plate P, will draw current while plate P, is idle and
vice versa. In this manner both the positive and the negative
half of the alternating current cycle are utilized and the result-
ant output current consists of a series of unidirectional pulses
with no spacing between them as shown in the lower part of
fig. 12. These unidirectional pulses may be further smothered
by insertion of filters consisting of inductive and capacitive
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reactances interconnected to the output terminals of the rec-
tifying system.

Space Charge Effect.—Not all of the electrons emitted by the ‘
cathode reach the plate. Some return to the cathode while
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¥16. 12.—Connection diagram and depiction of the action of a full-wave rectifier tube.
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others remain in the space between the cathode and plate for
a brief period to form an effect known as space-charge. This
charge has a repelling action on other electrons which leave the
cathode surface and impedes their passage to the plate. The
extent of this action and the amount of space-charge depend on
the cathode temperature and the plate potential.

Plate voltage vs. Plate current relationship of a diode.—The
higher the plate potential, the less is the tendency for electrons
to remain in the space-charge region and repel others. This
effect may be noted by applying increasingly higher plate volt-
ages to a tube operating at a fixed heater or filament voltage.
Under these conditions, the maximum number of available
electrons is fixed, but increasingly higher plate voltages will as
previously stated succeed in attracting a greater proportion of
the free electrons.

Beyond a certain plate voitage, however, additional plate
voltage has little effect in_increasing the plate current. The
reason is that all of the electrons emitted by the cathode are
already being drawn to the plate. This maximum current is
called saturation current, and because it is an indication of the
"total number of electrons emitted, it is also known as the em#s-
sion current. See fig. 13.

Tubes are sometimes tested by measurement of their emission
current. However, in this test it is generally not feasible to
measure the full value of emission because this value would be
sufficiently large to cause change in the tube’s characteristics,
or to damage the tube. For that reason, the test value of
current in an emission test is less than the full emission current.
However, this test value is larger than the maximum value
which will be required from the cathode in the use of the tube.
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The emission test, therefore, indicates whether the tube’s
cathode can supply a sufficiently large number of electrons for
satisfactory operation of the tube.

POINT OF SATURATION—\

PLATE CURRENT
N

PLATE VOLTAGE

F16. 13.—Characteristic curve of a diode.

Triodes.—The triode or three electrode tube is principally a
two-electrode tube in which a third electrode, called the grid,
is placed between the plate and the cathode. See fig. 14.

} The grid consists usually of a mesh of fine wire extending the
- full length of the cathode. The spaces between the turns of
|




240 Vacuum Tubes

the wire constituting the grid are comparatively large, so as not
to impair the passage of the electrons from the cathode to the
plate.
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Fi1G. 14.—Schematic diagram showing triode connection to battery.
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Grid Function.—The function of the grid is to control the
plate current. By maintaining the grid at a negative potential,
it will repel electrons and will in part, but not altogether, neu-
tralize the positive or attractive force exerted upon them by the
positive plate. Hence, a stream of electrons will flow from the
grid to the plate, although smaller than it would be if the nega-

" tive grid had not been present. Now if the grid is made less
negative, it follows that its repelling effect will be reduced and
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consequently a larger current will flow through it to the
plate.

Similarly if the grid be again made more negative its repelling
force will increase and the current to the plate will correspond-
ingly decrease. See fig. 15.
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From the above, it follows that when the potential of the grid
be varied in accordance with some desired signal, the plate
current will vary in a corresponding manner. Because the
grid is assumed at all times to be at negative potential with
respect to the cathode, it is evident that it can not collect elec-
trons and so a small amount of energy will be sufficient to vary
its potential in accordance with the input signal.

Capacitance Effect.—In a triode the grid plate and cathode
form what is called an electro-static system, i.e., each electrode
acts as a plate of a small condenser. The capacitances are those

-
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existing between grid and plate, plate and cathode, and grid
and cathode. See fig. 16.

These capacitances are usually referred to as “Inter-electrode
Capacitances.” In this connection it may be mentioned that
the capacitance between the grid and plate is of the utmost
importance, because of the fact that in high-gain radio-fre-
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GRID AND CATHODE GRID AND PLATE

|
CATHODE |, o AR

7 Zl
-1- CAPACITANCE BETWEEN

PLATE AND CATHODE
Fi6. 16.—Diagram showing inter-electrede capacitances in a triode.

-

quency amplifier circuits, this capacitance may act to produce
undesired coupling between the input circuit, the circuit be-
tween the grid and cathode, and the owfput circuit, the circuit
between the plate and the cathode. The effect of this coupling
may cause instability and unsatisfactory performance in the
amplifier.

Tetrodes.—The undesirable capacitance between the grid
and the plate in the triode can be decreased by inserting an addi-
tional electrode or screen between the grid and the plate as
shown in fig. 17. With the addition of this fourth electrode
the tube is accordingly referred to as a tetrode.
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The Screen Function.—The position of the screen between
the grid and the plate gives it the function-of an electrostatic
shield between them, thus reducing the capacitance between
the two.
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Fic. 17.—Connecﬁouofelectmduofnmnuidetube.

The effectiveness of this shielding action is further increased
by inserting a by-pass condenser between the screen and the
cathode. Therefore, by means of this screen and by-pass
condenser, the grid to plate capacitance is very small.

The screen has another desirable effect in that it makes plate
Current almost independent of plate voltage over a certain
range. The screen is operated at a positive voltage and there-
fore, attracts electrons from the cathode, but because of the
comparatively large space between wires of the screen, most of
the electrons drawn to the screen pass through it to the plate.
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Hence, the screen supplies an electrostatic force pulling electrons
from the cathode to the plate.

At the same time the screen shields the electrons between
cathode and screen from the plate so that the plate exerts very
little electrostatic force on electrons near the cathode. There-
fore, plate current in a screen grid tube depends to a great de-
gree on the screen voltage and very little on the plate voltage.
This holds true only as long as the plate voltage is higher than
the screen voltage.
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£1G. 18.—Average plate characteristics of a screen grid amplifier tube,

The fact that plate current in a screen grid tube is largely
independent of plate voltage makes it possible to obtain much
higher amplification with a tetrode than with a triode. The
low grid to plate capacitance makes it possible to obtain this
high amplification without plate-to-grid feed-back and resultant
instability.
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Pentodes.—It has previously been shown that when electrons
strike the plate they may if moving at sufficient speed dislodge
other electrons. This in the two and three electrode types does
not cause any trouble since no other positive electrode than the
plate is present to attract them.

These vagrant electrons therefore are eventually drawn back
to the plate.

Emission from the plate caused by bombardment of the plate
by electrons from the cathode is referred to as Secondary Emis-
sion on account of its effect being secondary to the original
cathode emission.

In the case of the previously discussed screen grid or tetrode
tube, the proximity of the positive screen to the plate offers a
strong attraction to these secondary electrons, and more mark-
edly so if the plate voltage be lower than the screen voltage.
This results in lowering of the plate current and limits the per-
missible plate swing for tetrodes.

To overcome the effects of secondary emission a third grid,
called the suppressor grid is inserted between the screen and
plate. This grid, being connected directly to the cathode,
repels the relatively low-velocity secondary electrons back to
the plate without obstructing to any appreciable extent the
regular plate-current flow. Larger undistorted outputs there-
fore can be secured from the pentode than from the tetrode.

Pentode-type screen-grid tubes are used as radio-frequency
voltage amplifiers, and in addition can be used as audio-frequency
voltage amplifiers to give high voltage gain per stage, since the
pentode resembles the tetrode in having a high amplification
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factor. Pentode tubes also are suitable as audio-frequency
power amplifiers, having greater plate efficiency than triodes
and requiring less grid swing for maximum output. The latter
quality can be indicated in another way by saying that the
power sensitivity—ratio of power output to grid swing causing
it, is higher. In audio power pentodes, the function of the
screen grid is chiefly that of accelerating the electron flow rather
than shielding, so that the grid often is called the accelerator
grid. In radio frequency voltage amplifiers the suppressor
grid; in eliminating the secondary emission, makes it possible
to operate the tube with the plate voltage as low as the screen
voltage, which cannot be done with tetrodes.

As audio-frequency power amplifier pentodes have in-
herently greater distortion (principally odd-harmonic distor-
tion) than triodes. The output rating usually is based on a
total distortion of 109.

a
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Fie. 19.—Conventional representation of

The Beam Power Tube.—In this tube a different method is
used for suppressing secondary emission. The tube (See figs.
19 and 20) contains four electrodes, a cathode, grid, screen and
Dlate respectively. The spacing between the electrodes is such
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that secondary emission from the plate is suppressed without
the suppressor found in the pentode.

Due to this method of spacing the electrodes, electrons trav-
elling to the plate slow down, when the plate voltage is low, the
velocity being almost zero in a certain region between the screen
and the plate. In this region the electrons form a stationary
cloud—a space-charge. The effect of this space- -charge is to
repel secondary electrons emitted from the .plate, and thus
cause them to return to the plate, hence causmg the suppressxan
of secondary emission. : .

Fre. 20.—Internal structure of beam power tube. (Courtesy R.C.A. Mfg., Inc.)

An added advantage of the beam power tube is the low current

-drawn by the screen. The screen and the grid consists of spiral
-wires wound in such a way so that each turn of the screen is
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shaded from the cathode by a grid turn. On account of this
alignment the screen and grid causes the electrons to travel in
sheets between the turn of the screen so that very few of them
flow to the screen. Because of the effective suppressor action
provided by space charge and because of the low current drawn
from the screen, the beam power tube has the advantage of
high power output, high sensitivity and efficiency.

Multi-Purpose Tubes.—During the early stages of tube
development and application, tubes were essentially of the
so-called general purpose type, that is a friode was used as a
radio-frequency amplifier, an intermediate frequency am-
plifier, an audio frequency amplifier, an oscillator or as a de-
tector.

It is obvious that with this diversity of applications, this one
type did not meet all requirements to the best advantage.

At present a great multiplicity of tube types have been de-
veloped to do special work in radio circuits. Among the sim-
plest and most important in radio receiver circuits are the full-
wave rectifiers, containing two separate diodes of the power
type in one bulb, and twin-triodes consisting of two triodes in
one bulb for class B audio amplification.

To add the functions of diode detection and automatic vol-
ume control to that of amplification, a number of types are made
in which two small diode plates are placed near the cathode, but
not in the amplifier-portion structure. These types are known
as duplex-diode triodes, or duplex-diode pentodes, depending
upon the type of amplifier section incorporated.

Another type is the pentagrid converter, a special tube work-
ing as both oscillator and first detector in superheterodyne re-

1
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ceivers. There are five grids between cathode and plate in the
pentagrid converter; the two inner grids serve as control grid
and plate of a small oscillator triode, while the fourth grid is the
detector control grid. The third and fifth grids are connected
together to form a screen grid which shields the detector con-
trol grid from all other tube elements. The pentagrid con-
verter eliminates the need for special coupling between the
oscillator and detector circuits.

The convential diagram representation of these tubes are
depicted in figs. 21 to 23. Another type of tube consists of a
triode and pentode in one bulb, for use in cases where the
oscillator and first detector are preferably separately coupled;

PLATE ___PLATE

x
GRID SCREEN SUPPRESSOR

" E PLATE (1)

— 'i’ oo ue oone e
GATHODE L CcATHODE

DUPLEX - DIODE DUPLEX - DIODE

TRIODE —PLATE PENTODE
CONTROL GRID éﬁ SCREEN

=]
OSCILLATOR GRID ( \ _ANODE GRID

—
CATHODE

HEATER

PENTAGRID CONVERTER

Figs. 21 to 23.—Schematic representation of multi-purpose tubes.
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while still another type is a pentode with a separate grid for
connection to an external oscillator circuit. This “injection”
grid provides a means for introducing the oscillator voltage into
the detector circuit by electronic means.

Receiving screen-grid tetrodes and screen-grid pentodes for
radio-frequency voltage amplification are made in two types.
known as sharp cut-off and variable-mu or super-control types,
In the sharp-cut off type the amplification factor is practically
constant regardless of grid bias, while in the variable-u type the
amplification factor decreases as the negative bias is increased.
The purpose of this design is to permit the tube to handle large
signal voltages without distortion in circuits in which grid-bias
control is used to vary the amplification, and to reduce inter-
ference from stations on frequencies near that of the desired
station by preventing cross-modulation. Cross-modulation is
modulation of the desired signal by an undesired one, and is
practically the same thing as detection. The variable-mu type
of tube is a poor detector in circuits for-r.f. amplification, hence
cross-morulation is reduced by its use.
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CHAPTER 13

Radio Receivers

Generally any électrical circuit used in connection with radio
reception is a radio receiving circuit.

The basic receiving circuits are as follows:

1. Regenerative

2. Tuned radio frequency regenerative
3. Super-heterodyne

4. Super-regenerative

5. Super-infra regenerative

The two last circuits are classified as short wave receivers.

General Receiver Performance Characteristics.—The re-
ceiver performance may be divided into three groups namely:

1. Selectivity
2. Sensitivity
3. Fidelity and stability

The three groups are inter-dependent with selectivity th¢
most important factor.
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. o ckeur |___—
.: REGEN.DET |~

TUD CIRCUIT TUD CIRCUIT AUDIO
R.F. AMPLIFIER REGEN. DET. AMPLIFIER

r ey

FIGS. 1 and 2—Block diagrams showing essential units of a reyenerative and
a tuned radio frequency regenerative circuit respectively.

RF, st MED, INT FREQ. HIGH INT. FREQ. AU
AMPLIFIER l—’_‘ DETECTOR 'AHD 2nd DET. ,—"'—{ SeERREGE s

FIRST AND SECOND
FREQUENCY CONVERTER PHONES
L IR

FIRST SECOND QUENCH
OSCILLATOR OSCILLATOR OSCILLATOR

FIGS. 3 and 4—Block diagrams showing essential units of a super-regener-
ative and a super-infra regenerative circuit respectively.
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By definition, selectivity of a receiver is its ability to dis-
criminate between signals of various frequencies. The sensi-
tivity of a receiver is the minimum radio frequency voltage input
required to give a certain specified output. The fidelity is that
proportionate response through the audio frequency range, re-
quired for a given type of receiver. ’

A receiver’s stability is identified by its ability to maintain
its output constant over a period of time with constant sigral
input.

Receiver Selectivity.—As aforementioned the selectivity is
that characteristic which makes it possible to determine how
well a set will tune out one signal and tune in another.

Measurements of Selectivity.—The selectivity is deter-
mined with the aid of a radio frequency oscillator by means of
which it is possible to impress known 7.f. potential on the input
of a radio receiver.

There are various methods of carrying out this test, although
the one generally used is to impress a small potential on the
input of the set and note the output, and then to vary gradually
the frequency of the 7.f. oscillator, and at the same time adjust
the potential supplied to the receiver so as to maintain the same
output. '

In this manner a set of figures will be obtained, indicating
how the output of the set falls off at either side of the frequency
to which it is tuned. Generally it is true that the more rapidly
it falls off the better is the selectivity of the receiver.

However, as previously noted, the receiver’s selectivity is
closely allied with its fidelity, for generally if making the selec-
tivity too great, the side-bands are suppressed and the high
frequencies are partially suppressed. A typical selectivity curve
is shown in fig. 5.
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Such curves may be made up at various points throughout the
broadcast band, and the variations in a receiver’s selectivity
thereby determined. '

100,000 Y —
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=N
g 1000 I\ s
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\
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+30 +20 +10 0 -10 -20 -30
KILOCYCLES OFF RESONANCE:

- FIG. 5—A typical radio receiver selectivity curve.

Receiver Sensitivity.—The sensitivity of a receiver is not
simply a matter of amplification, but is fundamentally limited
by what is known as ‘‘the noise level” in that only signals that
are audible above the prevailing noise background at the out-
put are useful.
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In order to obtain a common basis facilitating the study and
measurement of this characteristic, the term “noise equivalent’
is used, which simply means the effective sensitivity of a re-
ceiver in terms of its own noise level.

Measurements of Sensitivity.—In connection with sensi-
tivity measurements, a certain receiver is often expressed as
having a sensitivity of so many micro-volts per meter. Just
what this expression implies may best be conveyed by a descrip-
tion of what the term means.

12

—
o

[+ -]

F-Y

MICROVOLTS PER METER
o

N

(=]

1400 1200 1000 800 600
. FREQUENCY - KILOCYCLES

FIG. 7—Typical radio receiver, sensitivity characteristics.

The sensitivity measurements are generally accomplished in
the following manner: The receiver is set up and a resistor is
connected across the a.f. output of the set. The resistor should
be of such value so as to give maximum power output per volt
on the grid of the power tube. In most cases the resistor will
have a value equal to twice the plate resistance of the output
tube, which may easily be obtained from the tube performance
chart.
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The next procedure is to apply to an artificial antenna a
known 7.f. voltage modulated 309, at 400 cycles and to increase
the 7.f. input voltage until 50 milli-watts of audio-frequency
power is developed across the output resistance.

The magnitude of the input 7.f. voltage required to produce
this output by dividing by the effective height of the artificial
antenna, which is usually four meters is then determined.

Thus, finally the micro-volts per meter input required to
produce the standard output of 50 milli-watts is obtained.

If it be assumed that the described method is utilized in de-
termining the sensitivity of a certain receiver, it is simply neces-
sary to give the micro-volts per meter input for standard output
in order to define completely the sensitivity of the receiver in
question. )

It can therefore be said for example, that a certain receiver
has a sensitivity of 10 micro-volts per meter. This means that
if a 309, modulated 7.f. signal is impressed across the input,
then 50 milli-watts of power will be developed in the output at
400 cycles. -

With the constant improvement in 7.f. amplifier circuits, re-
ceiving sets at present are much more sensitive and it is not un-
common to find receivers having a sensitivity in the order of
3 to 5 micro-volts per meter or higher.

Fidelity.—Fidelity is the term being used to indicate the
accuracy of reproduction, at the output of a radio receiver, of
the modulation impressed on the 7.f. signal applied to the in-
put of the set under test.

Thus is generally determined by setting up the receiver to be
tested and impressing on its input an 7.f. signal modulated at
309, the input signal having a value such that the normal out-
put is obtained.
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Next the frequency of the modulating signal is varied (the
modulation being held constant) over the entire audio fre-
quency band and the output power at each frequency is noted.

From the data so obtained, a curve can be charted showing
how the audio-frequency output power from the set varies with
the frequency applied.

Such curves are run at various radio frequencies for example
at 600, 1000 and 1500 k.c. in the broadcast band, so that the
variation of fidelity can be determined.

0 HHHL— l

~— ”
2 .
;'-10 <
2 20 N 140 k.c.
8 N 11006 x.c.
S 4 [

3 4001 K.C.

S00 100 200 500 1,000 3,000 10,000
AUDIO FREQUENCY -CYCLES PER SECOND

FIG. 8—~Typical radio receiver, fidelity characteristics.

In this manner it is possible to obtain information regarding
the characteristics of the 7.f. amplifier system. It is obvious that
if the system tunes too sharply at some point in the broadcast
band, the side-bands will be suppressed partially and this wil}
show up on the curve which is plotted as a falling off in response
at the higher audio frequencies.

When making a test of this type, it is essential that the source
of the audio frequency voltage used to modulate the r.f. input
signal be quite pure (free from harmonics). Generally the total
harmonic output from the audio frequency oscillator should not
be allowed to exceed 5%,.
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Amplifier Classification.—There are four recognized classes
of .amplifier service. This classification depends primarily on
the fraction of the input cycle during which the plate current is
expected to flow under rated full-load conditions.

The term cut-off bias used in the following definitions is the
value of grid bias at which plate current is of some very small
value.

Class ““A” Amplifiers.—A class A amplifier is one in which the
grid bias and alternating grid voltages are such that the plate
current in a specific tube flows at all times.

FIG. 9—A graphic illustration of method of amplification showing, by means
of grid-voltage vs. plate-current characteristics, the effect of an input signa)
“S" applied to the grid of the tube. “O” is the resulting amplified plate-
current variation.

Class A amplifiers of the voliage type find their application in
reproducing grid voltage variations across an impedance or
a resistance in the plate circuit. These variations are essentially
of the same form as the input signal voltage impressed on the
grid, but of increased amplitude. See fig. 9. This is accom-
plished by operating the tube at a suitable grid bias so that the
applied grid-input voltage produces plate-current variations
proportional to the plate swings. Since the voltage variation
nbtained in the plate circuit is much larger than that required
to swing the grid amplification of the signal is obtained.
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-

Class A amplifiers of the power type find their chief application
as output amplifiers in audio systems, operating loud speakers
in radio receivers and public address systems, where relatively
large amounts of power are required.

For above applications, large output power is of much
greater importance than high voltage amplification. Therefore
gain possibilities are sacrificed in the design of power tubes to
obtain this greater power handling capability.

Class “AB” Amplifiers.—A class AB amplifier is an amplifier
in which the grid bias and alternating grid voltages are such
that plate current in a specific tube flows for appreciable more
than one-half but less than the entire cycle.

Class “B” Amplifiers.—A class B amplifier is an amplifier
in which the grid bias is approximately equal to the cut-off
value so that the plate current is approximately equal to zero
when no exciting grid voltage is applied, and so that the plate
current in a specific tube flows for approximately one-half of
each cycle when an alternating grid voltage is applied.

Class B amplifiers of the power type employs two tubes con-
nected in push-pull, so biased that the plate current is almost
zero when no signal voltage is applied to the grids (see figs. 10
and 11). Because of this low value of no signal plate current,
class B amplification has the same advantage as class AB, in that
large power out-put can be obtained without excessive plate
dissipation. The difference between class B and class AB is
that, in class B, plate current is cut off for a larger portion of the
negative grid swing.

Class C Amplifiers.—A class C amplifier is an amplifier in
which the grid bias is appreciably greater than the cut-off value
so that the plate current in each tube is zero when no alternating
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grid voltage is applied, and so that plate current flows in a tube
for appreciably less than one-half of each cycle when an alter-
nating grid voltage is applied.

Radio Frequency Amplifiers.—Radio frequency amplification
is utilized to increase the volume of the weak radio frequency
signals received from the antenna, and occurs before the radin
frequency signals arrive at the detector circuit of the receiver

There are three general methods for coupling the tube of one
stage of radio frequency amplification to the next stage
namely:

1. Resistance coupled
2. Impedance coupled
3. Transformer coupled.

Resistance-coupled Radio Frequency Amplifier.—In this -
type of amplifier (see fig. 12) a high resistance is being utilized
for the interstage coupling.

The advantage with this type when used as an audio amplifier
is that on account of its simplicity it is economical to build, in
addition, the amplification can be made very uniform over a
rather wide frequency range. It is these characteristics which
have made it useful in television devices.

The function of the blocking condenser is to prevent the
plate potential of one stage being impressed on the grid of the
next stage.

These blocking condensers, being series condensers, would
trap electrons between the grid and the adjacent condenser
plate, were it not for the high resistance leakage path provided
for their return to the filament circuit.
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Impedance Coupled Amplifiers.—The method of connection
for inductive coupling (also known as choke coil coupling), is
shown irr fig. 13. The impedances X; and X, are in the form of
auto-transformers; R, and R, are grid leaks ranging in value of
between one-quarter and one-half megohms; C; and C. are
the usual blocking condensers of about one microfarad capacity
each.

BLOCKING CONDENSERS
1st RF. STAGE I/— 2nd RF. STAGE_I DETECTOR

A+ B- A- B+
FIG. 12—Typical two stage resistance coupled radio frequency amplifier.

)

TO OUTPUT
\

A- A+B- B+
FIG. 13—Two stage impedance coupled radio frequeacy amplifier.
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Transformer Coupled Amplifiers.—In this method the air-
core transformers with a one to one transformer ratio, are most
commonly used.

However, on very long wavelengths it has been found advan-
tageous to use step-up ratio transformers, by having a greater
number of secondary than primary turns.

1stRF. 2nd RF.

| TRANSFORMER

Ré@%

L\_l

A-BATTERY [
lilfel B-BATTERY
FIG. 14—Three stage radio frequency amplifier circuit.

In the transformer coupled circuit shown in fig. 14, the
filaments are connected in parallel across the common “A”
battery with a variable rheostat to adjust the filament current.
A “B” battery is used to supply all the plate potentials, and a
“C” battery (when necessary) to supply all grid biases.

Push-pull Amplifiers.—This type of amplifier is frequently
used in receiving sets for supplying more power to the loud
speaker than is ordinarily obtainable from one or two stage
audio amplifiers.

Another advantage with this type of amplifier is that it
eliminates any distortion which may exist in ordinary amplifiers
due to the non-linear characteristics of the tube.
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It will be found by observing circuit, fig. 15, that this is a
balanced circuit, i.e. the cathode returns are made to the mid-
point of the input and output devices.

INPUT

8+

FIG. 15—Push-pull amplifier circunit. This type of amplification requires two
identical tubes in each stage. The grids of the tubes are not connected to-
gether, as in the case of parallel operation, but are connected to opposite
ends of a mid-tapped transformer secondary. The mid tap is used as a com-
mon connection for making connection to the negative bias voltage of the

grids.

An a.c. current flowing through the primary winding of the
input transformer will cause an a.c. potential to be induced in
the secondary, since the ends of the winding will be at exactly
opposite voltage with respect to the cathode connection. Hence
it will be found that the grid of one tube is swung positive at the

" same instant that the grid of the other will be negative. From
this it follows that the plate current in one tube is increasing,
while the plate current of the other tube is decreasing. It is
from this characteristic that the name “push-pull’ has been
derived.

Although ordinary amplifier tubes can be utilized in this type
of amplifier, it is often desirable to use special power tubes

| which give a high amplification factor.
|
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How Selectivity of a Receiver Is Affected by the Number of
- Radio Frequency Stages.—As previously explained the selec-
tivity of a receiver is defined as its ability to discriminate be-
tween signals of various frequencies. However, this ability
among other factorsis affected by the number of stages of which
the receiver is composed as well as the selectivity of each indi-
vidual stage.

The influence of the number of stages upon the selectivity
may best be understood by referring to fig. 16 which represents
the selectivity characteristics of several radio frequency stages.

L 8 3 8 8
N
-
/|

PER CENT ANPLINCATION
>3
NAS

0000 000 0 2000 1000
CYCLES OFF RESONANCE

FIG. 16—Illustrates how the several stages of r.f. amplification increases
the selectivity of a receiver by reducing the strength of undesired signals.

Curve 1 represents the selectivity of one single 7.f. stage. At a
point 5,000 cycles of resonance the circuit gives 849, of ampli-
fication at resonance and at 10,000 cycles off resonance the
amplification has dropped to only 669, of the resonance
amplification.

Assuming that instead of having only one 7.f. stage that other
stages be added having exactly the same characteristics as that
of the first, the selective action as that represented by curve 2,
will be obtained.
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If now at a certain point off resonance, the first stage reduced
the amplification factor to 849, then the second stage would
reduce the amplification to 84% of what came through the
first stage.

With reference to the chart at a point 5,000 cycles off reso-
nance, the four stages would introduce a final amplification of
only 499, of the resonant frequency.

Analyzing the result further, at a point 5,000 cycles off
resonance the first stage is 849); that of the second stage
84 X84 or 709,; that of the third stage 84 X84 X84 or 599, and
finally the amplification of the fourth stage 84 X84 x84 84 or
only a little better than 499,

However, since a radio signal includes modulation frequencies
up to 5,000 cycles off resonance, it is evident that a radio fre-
quency amplifier having four stages would cause considerable
side band suppression with consequent signal distortion.

Regenerative Circuits and Control Methods.—The term
regenerative is applied to any detector circuit in which a
coupling is provided between the plate and oscillatory grid cir-
cuit. The tube performs simultanequsly the function of a
detector and an oscillator.

A typical regenerative circuit is shown in fig. 17. The various
methods for control of regeneration in receivers are known as
potentiometers, ticklers, reversed capacity, etc. Figs. 18 and 19
shows two ways in which regeneration may be controlled by
means of a screen grid detector. In fig. 18 the regeneration con-
trol is a variable condenser having a maximum capacity of 100
or 150 pu fd. It acts as a variable by-pass between the low-
potential end of the tickler coil and the cathode of the tube. If
the by-pass capacity is too small the tube will not oscillate,
while increasing the capacity will cause oscillations to start at
a certain critical value of capacity. ‘

’
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This method of regeneration control is very smooth in opera-
tion, causes relatively little detuning of the received signal and,
since the voltage on the screen-grid of the tube is fixed, permits
the detector to be worked at its most sensitive point.

The sensitivity of a screen-grid detector depends a great deal
upon maintaining the screen-grid voltage in the vicinity of
30 volts.

Y

TICKLER
coiL GRID LEAK

[. 1 l
I
GRID CONDENSER PHONES
—L CONDENSER
VARIABLE
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A
. L|:|
z

s ————

FIG. 17—Regenerative circuit. The scheme of combining a detector circuit
with a separate oscillator circuit is called heterodyning and oscillators
built exclusively for this purpose are called heterodynes. A circuit such as
this is known as a regenerative circuit, and this term is applied to any de-
tector circuit in which a coupling is provided between the plate and the
oscillatory grid circuit.

In fig. 19 regeneration is controlled by varying the mutual
conductance of the detector tube through varying its screen-
grid voltage. The regeneration control is usually a voltage
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FIGS. 18 and 19—Showing two methods for control of regeneration in radio

receivers.
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divider—or so-called ‘‘potentiometer’’—with a total resistance
of 50,000 ohms or more. This circuit causes more detuning of
the signal than that in fig. 18 and the resistor is likely to cause
some noise unless by-passed by a large capacity (about 1y fd.) at
C. In fig. 18 condenser C may be .5y fd. or larger. With circuit,
fig. 19, it is necessary to adjust the number of turns on the
tickler coil to make the tube just start oscillating with about 30
volts on the screen grid if maximum sensitivity is desired.

Both the methods shown in figs. 18 and 19 may be applied
to three-electrode detectors, although these tubes have been
largely superseded as detectors by the more sensitive screen
grid tubes. To use the method shown in fig. 19, the regenera-
tion control resistor should be placed in series with the plate of
the tube and it need not be used as a voltage-divider, but simply
as a series variable resistor. It can also be used as a series re-
sistor when controlling a screen-grid tube. Another type of
regeneration control, more suitable for lower radio frequencies,
uses a variable resistance across the feed-back portion of the
r.f. circuit.

Conversion of a High Radio Frequency to a Low Radio
Frequency.—This method is based on the simple electrical prin-
ciple that when the energy of two different frequencies is com-
bined in a suitable detector, there is produced a third frequency
(termed the beat note or intermediate frequency) which is
equal to the difference between the two first frequencies.

Thus if an amplifier is designed for 130 kilocycles and it is
desired to receive a broadcast signal of 1,500 k.c. all that is
needed, is to supply a locally-generated frequency either 130
k.c. higher or 130 k.c. lower than the received broadcast signal
of 1,500 k.c.
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The combination of the received broadcast signal and the
- locally-generated signal gives the beat note or intermediate
'~ frequency equal to the difference bteween them or 130 k.c.

BEAT FREQUENCIES

FIG. 20—Illustrates how beat frequencies are generated. With reference to
curve A, and A, it may readily be observed how the frequencies are alter-
nately in and out of phase with each other. The frequency with which these
component curves are in phase with each other is equal to the difference be-
tween the frequencies of the two component currents, i.e. the frequency

| 1 minus frequency 7, equals frequency /;. When the two frequencies 71 and
7: are the same, theéy are said to be adjusted to zero beat.

Detection.—It has been previously explained that 7.f. ampli-
fication in a receiving set takes place before the radio signals
arrival to the detector circuit. The function of the detector is to
de-modulate the 7.f. wave before it reaches the audio stage.

In the receiver it is desired to reproduce the original a.f.
modulating wave, from the modulated r.f. wave, i.e. it is
desired to de-modulate the 7.f. wave.

The stage in the receiver in which this function is performed
is often called the demodulator or detector stage. There are
three detector circuits in general use, namely:

1. The diode detector
2. The grid-bias detector
3. The grid-leak detector.

$
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A typical diode detector circuit is shown in fig. 21.

‘The action of this circuit when a modulated 7.f. wave is ap-
plied is illustrated by fig. 22. The 7.f. voltage applied to the
circuit is shown in light line, the output voltage across the con-
denser C is shown in heavy line. Between points ¢ and & on the
first positive half-cycle of the applied r.f. voltage, the con-
denser C charges up to the peak value of the r.f. voltage.

—
=
< 1
LF.IN AUDIO
ad R s FREQUENCY —<O
? : AMPLIFIER | speareR
]

FIG. 21—Diode detector circuit.

AAAAAA
YVVVYVY

Then as the applied 7.f. voltage falls away from its peak
value, the condenser holds the cathode at a potential more
positive than the voltage applied to the anode. The condenser
thus temporarily cuts off current through the diode. While the
diode current is cut off, the condenser discharges from & to ¢,
through the diode load resistor R. When the 7.f. voltage on the
anode rises high enough to exceed the potential at which the
condenser holds the cathode, current flows again and the con-
denser charges up to the peak value of the second positive half-
cycle at d. In this way, the voltage across the condenser fol-
lows the peak value of the applied 7.f. voltage and thus repro-
duces the a.f. modulation.
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The curve for voltage across the condenser, as shown in fig.
22 is somewhat jagged. However, this jaggedness, which repre-
sents an 7.f. component in the voltage across the condenser, is
exaggerated in the illustration. In an actual circuit the 7.f.
component of the voltage across the condenser is negligible.
Hence, when the voltage across the condenser is amplified, the
output of the amplifier reproduces the speech or music originat-
ing at the transmitting station.

p d
AN
AN N

FIG. 22—Diode detector characteristics.

The diode method of detection has the advantage over other
methods that it produces less distortion. The reason is that its
dynamic characteristic can be made more linear than that of
other detectors. It has the disadvantages that it does not amplify
the signal, and that it draws current from the input circuit and
therefore reduces the selectivity of the input circuit. However,
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because the diode method of detection produces less distortion
and because it permits the use of simple a.s.c¢. circuits without
the necessity for an additional voltage supply, the diode method
of detection is most widely used in broadcast receivers.

TO GRID OF
C:  NEXT AUDIO
STAGE

Re

INTERMEDIATE
FREQUENCY
INPUT
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FIG. 23—Diede-biased detector circuit.

Another diode detector circuit, called a diode-biased circuit,
is shown in fig. 23. In this circuit, the triode grid is connected
directly to a tap on the diode load resistor. When an 7.f. signal
voltage is applied to the diode, the d.c. voltage at the tap sup-
plies bias to the triode grid. When the 7.f. signal is modulated,
the a.f. voltage at the tap is applied to the grid and is amplified
by the triode. The advantage of this circuit over the self biased
arrangement shown in fig. 24 is that the diode-biased circuit
does not employ a condenser between the grid and the diode
load resistor, and consequently does not produce as much dis-
tortion of a signal having a high percentage of modulation.

However, there are restrictions on the use of the diode-biased
circuit. Because the bias voltage on the triode depends on the
average amplitude of the 7.f. voltage applied to the diode. the
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average amplitude of the voltage applied to the diode should be
constant for all values of signal strength at the antenna. Other-
wise there will be different values of bias on the triode grid for
different signal strengths and the triode will produce distortion.

This restriction means, in practice, that the receiver should
have a separate-channel automatic volume control system.
With such an g.v.c. system, the average amplitude of the signal
voltage applied to the diode can be held within very close limits
for all values of signal strength at the antenna.

!

+8

FIG. 24—A typical diode-detector circuit using a duplex-diode tube is shown
above. In this circuit R is the diode load resistor. A portion of the a.f.
voltage developed across this resistor is applied to the triode grid through
the volume control R;. In a typical circuit, resistor R, may be tapped so that
five-sixths of the total a.f. voltage across R, is applied to the volume con-
trol. This tapped connection reduces the voltage output of the detector cir-
cuit, but also reduces audio distortion and improves the r.7. filtering.
D.c. bias voltage for the triode section is provided by the cathode-bias
resistor R and the audio by-pass condenser C;. The function of condenser
C:is to block the d.c. bias voltage of the cathode from the grid. The func-
tion of condesner C., is to by-pass any r.f. voltage on the grid to cathode. A
duplex-diode pentode may also be used in this circuit. With a pentode, the
a.f. output should be resistance-coupled rather than transformer-coupled.
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The tube used in a diode-biased circuit should be one which
operates at a fairly large value of bias voltage. The variations in
bias voltage are then a small percentage of the total bias and
hence produce small distortion. Tubes taking a fairly large bias
voltage are types such as the 6R7 or 85 having a medium-mu
triode.

Tube types having a high-mu triode or a pentode should not
be used in a diode biased circuit. Since there is no bias applied
to the diode-biased triode when no r.f. voltage is applied to the
diode, sufficient resistance should be included in the plate circuit
of the triode to limit its zero-bias plate current to a safe value.

R-F CHOKE

TO AMPLIFIER
STAGE
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FIG. 26—Grid-biased detector circult.

A grid-bias detector circuit is shown in fig. 25. In this circuit,
the grid is biased almost to cut-off, i.e. operated so that the plate
current with zero signal is practically zero. The bias voltage can
be obtained from a cathode-bias resistor, a “C’ battery, or a
bleeder tap. Because of the high negative bias, only the positive
half cycles of the 7.f. signal are amplified by the tube. The sig-
nal is therefore detected in the plate circuit.
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The advantages of this method of detection are that it am-
plifies the signal, besides detecting it, and that it does not draw
current from the input circuit and therefore does not lower the
selectivity of the input circuit.

The grid-leak and condenser method, shown in fig. 26 is some-
what more sensitive than the grid bias method and gives its best
results on weak signals. In this circuit, there is no negative
d.c. bias voltage applied to the grid. Hence, on the positive half-
cycles of the 7.f. signal, current flows from grid to cathode. The
grid and cathode thus act as a diode detector, with the grid-
leak resistor as the diode load resistor and the grid condenser as
the 7.f. by-pass condenser.

GRID CONDENSER

AAAAAAA

-l: GRID LEAK

FIG. 26—Detector circuit grid-feak and condenser method.

TO AMPLIFIER
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The voltage across the condenser then reproduces the a.f.
modulation in the same manner as has been explained for the
diode detector. This voltage appears between the grid and
cathode and is therefore amplified in the plate circuit. The out-
put voltage thus reproduces the original a.f. signal.
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In this detector circuit, the use of a high resistance grid leak
increases selectivity and sensitivity. However, improved a.f.
response and stability are obtained with lower values of grid-
leak resistance. This detector circuit has the advantage that it
amplifies the signal, but has the disadvantage that it draws
current from the input circuit and therefore lowers the selec-
tivity of the input circuit.

Tuned Radio Frequency Circuits.—The word funed in this
connection simply means that the circuit is brought into reson-
ance with the desired signal. A tuned 7.f. circuit is one in which

. RF.
RF. AMP. TRANSFORMER

DET.

TUNING ‘COND.

4 7

i

A

FIG. 27—Diagram illustrating principle of tuned radio frequency. The usual

method of tuning is by means of a variable condenser in parallel with the

secondary of the radio frequency transformer. A potentiometer is used to

control oscillations, as the greatest amplification is obtained when the cir~
cuits are operated just at the point before self oscillation starts.

B

the radio frequency amplifier circuits may be tuned to the de-
- sired wave lengths by adjusting 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. (For theory of tuning see page 165.)
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Reflex Circuits.—The reflex circuit principle is only one of
several circuits developed, whose aim it was to extract the
maximum use of a tube or a group of tubes, i.e. to reduce the
number of tubes required in a multi-stage receiver.

The use of this circuit, however, with the versatility and
relative inexpensiveness of the modern vacuum tube has be-
come largely obsolete except in locations where space and
weight of a receiver is at a premium—for example, in connec-
tion with portables. airplane, and automobile receivers.

RADIO FREQUENCY
TRANSFORMERS

0001 VARID PRIMARY SECONOARY
/CouPLER s
00015 MF. . YSTAL
— DETECTOR
00015 MF 45voLT EHONE!
=|JULIE

 POTENTIOMETER *

EECONDRRVL
AUOIO FR.
'1 TRANSFORMER
PRIMARY ]
0.0015 M.F.

FIG. 28—Diagram showing typical reflex circuit.

In this circuit the vacuum tubes are made to perform the
double duties of both radio and audio frequency amplifiers.

The incoming radio frequency signal is amplified at radio
frequency, rectified by a detector, and then amplified at audio
frequency using the same tube, or if so desired the circuit values
can be chosen so that the stage can function as a radio frequency
and intermediate frequency amplifier.

It can readily be understood that to construct a stage which
will first amplify the signal at the 7.f. and then further amplify
the signal after it has been rectified and converted into an audio
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frequency, requires a very careful choice of circuit constants, be-
cause not only must the circuit elements give the proper load
at both audio and intermediate frequencies but filters must also
be inserted to separate the frequencies so as to prevent feed-
back. A typical reflex circuit using one tube and a crystal de-
tector is shown in fig. 28.

Intermediate Frequency Amplifiers.—The function of the in-
termediate frequency amplifier in a super-heterodyne receiver
is to convert the 7.f. signal to an intermediate frequency.

To obtain this change in frequency, a frequency-converting
device consisting of an oscillator and a frequency mixer is com-
monly employed.

In a circuit of this type two potentials of different frequency
namely the radio frequency voltage and the potential generated
by the oscillator are applied to the input of the frequency mixer.

The aforementioned potentials beat, or heterodyne with the
mixer tube to produce a plate current having in addition to the
frequencies of the input potential, numerous sum and difference
frequencies.

Generally the output circuit of the mixer stage is provided
with a tuned circuit adjusted to select only one beat frequency—
that frequency which is equal to the difference between the im-
pressed signal frequency and the oscillator frequency.

It is this selected output frequency which is known as the
intermediate frequency or in abbreviated form i.f.

The output frequency of the mixer tube is kept constant for
all signal frequency values by tuning the oscillator to the proper
frequency. Methods of frequency conversion for super-hetero-
dyne receivers are as follows:
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The first method widely employed before the availability of
tubes especially designed for this purpose utilizes as mixer tube
either a triode, a tetrode or a pentode. In this method the
oscillator and signal potential are applied to the same grid. The
coupling between the oscillator and mixer circuits is obtained 1
by means of inductance or capacitance.

A second method employs a tube which is especially designed ;,
for this type of service and is known as the Dentagrid converter
tube.

PENTAGRID-CONVERTER

RF. AMPL.
TUBE A

Rk B £
O_EFrertds

YTO PLATE
= SUPPLY

w
FIG. 29—Pentagrid converter tube employed as an oscillator mixer in a
super-heterodyne receiver circuit.

In this tube the oscillator and frequency mixer are combined,
and the coupling between the oscillator and mixer circuit is ob-
tained by means of the electron stream within the tube. For
the arrangement of elements in a pentagrid converter see page
249,
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A third method employs a tube designed for short-wave re-
ception, and is identified as the pentagrid mixer. It has two
independent control grids, and is used with a separate oscillator -
tube. ) |
In this tube the 7.f. signal potential is applied to one of the
control grids and oscillator potential to the other.

Audio Frequency Amplifiers.—An audio frequency amplifier
is employed to increase the volume of the signals after leaving
the detector tube, but before the signal is passed into the loud
speaker.

There are three general methods of audio amplifier couplings
whereby the tube of one stage of audio frequency amplifier may
be connected to the following stage, identified as:

1. Resistance coupled
2. Impedance coupled

3. Transformer coupled.

Resistance Coupled Audio Frequency Amplifier.—Here, as in
previously discussed 7.f.a. a resistance is employed in the inter-
stage coupling, as shown in fig. 30.

The function of the blocking condenser C, is that of insulating
the grid of the tube from the high positive potential of the plate
supply. In order to prevent the grid from the tendency of
accumulating a negative charge, a high resistance leakage path
is introeduced through grid R., the size of which depends upon
the value of the grid to filament resistance of the tube.

When a signal potential is received from the detector, a cur-
rent is generated through coupling resistor R;, in the plate cir-
cuit of the primary tube, these voltage variations lowered by
the blocking condenser C, are impressed upon the input circuit
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of the second tube. Finally the grid voltage variations applied
to the secondary tube causes corresponding variations of the
plate potentials which are impressed on the input circuit of the
final stage.

o
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FIG. 30—Interstage coupling in a resistance coupled audio frequency ampli-
fier. :

Resistance coupling of the audio-frequency stages offer the
advantages of good response at low audio frequencies. How-
aver, this increases the possibility of trouble from a common
plate voltage supply. This is on account of the fact that the by-
pass condensers are ineffective at very low audio-frequencies
and hence the common voltage supply acts as coupling between
the stages. This gives rise to oscillations which are known as
motor-boating and may be prevented as suggested on page 288.

Impedance Coupled Audio Amplifiers.—The impedance
coupled audio amplifier is similar to the resistance coupled am-
plifier just described except that in place of the resistance an
inductance consisting of a coil of wire wound on a laminated
steel core, is utilized.
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This type of coupling is also known as choke coil coupling or
choke coil amplification. The voltage amplification obtained in
this type is, as in the case of the resistance coupled amplifier,
due to the amplification of the tube employed.

The effect of the blocking condenser is similar as that de-
scribed for the resistance coupled amplifier.

BLOCKING CONDENSERSﬁgl

L
TO POWER
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TO I.F.
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IMPEDANCE IMPEDANCE
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FIG. 31—Inter-stage coupling in an impedance coupled audio frequency
amplifier.
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FIG. 32—Method of inter-stage connection of transformer coupled audio
ferquency amplifier.
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Transformer Coupled Audio Amplifier.—In the transformer
amplifier shown in fig. 32, the coupling is made by means of a
transformer consisting of two windings—one primary and one
secondary. .

This type of coupling used extensively in early radio receivers
has now largely disappeared on account of a number of dis-
advantages as compared with previous mentioned types.

The voltage gain received in this type is largely defeated due
to the fact that it is not linear for all frequencies.

The frequency distortion is caused largely by the distributed
capacity existing between the windings of the transformer.

An additional form of distortion known as harmonic distor-
tion is caused by saturation of the iron core in the transformer.

Tuning Indication.—Tuning indication in modern receivers
is usually accomplished by the employment of an electronic
device identified as the electron-ray tube.

ZERO GRID BIAS NEGATIVE GRID BIAS
FIG. 33—Electron pattern on the 6E5 target for various grid bias.

The choice between the two types known as the 6E5 and 6G5
for a receiver depends largely on the receiver’s automatic vol-
ume control characteristics. The 6E5 for example has a sharp
cut-off triode which closes the shadow angle on a comparatively
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small value of a.v.c. potential, whereas the 6G5 has a remote
cut-off triode which closes the shadow angle on a larger value
of a.v.c. potential.

In both types the triode is mounted in an evacuated glass
enclosure with a fluorescent target in a dome as shown in fig. 34.
The target is operated at a positive potential and hence attracts
electrons from the cathode.

THODE FLUORESCENT
LUIGHT e COATING
SHIELD —

~"ELECT

FIG. 34—Internal construction of electron ray indicator tube. (Courtesy
R.C.A. Mfg. Co. Inc.)

When the electrons strike the target they produce a glow in
the fluorescent coating on the target, which appears as a ring
of light when the electrons are flowing over the whole circum-
ference. , .

The extent of this glow pattern depends upon the grid volt-
age of the tube, and hence will give an indication on the amount
of departure from the condition of resonance or sharpness of
tuning.

The tubes may be connected for indicator service as depicted
in figs. 35 and 36.

When the receiver reaches a condition of resonance during
timing, the automatic control voltage is at maximum, and since
this maximum voltage is applied to the grid of the triode, it acts
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to decrease the triode plate current, and decrease the shadow
angle to a minimum, which gives an indication that the set is
tuned exactly on the desired station.

DIODE SECTION OF DIODE SECTION OF
[-F TRANS, SECOND_OETECTOR I-F_TRANS. SECOND DETECTOR
%
Vs
I
R4 Ry R2
AVe AVAAANANPANA
TO A-F
CZI To’{:ﬁc“s“ CIRCUIT
) ]
[}
2
R;-é L
A )
8+
TO SELF-BIAS .TO SELF-BIAS
RESISTOR (Rc) RESISTOR (Rc)
OR GROUTD OR GROUND

FIGS. 35 and 36—Typical tuning indicator circuits. When the strongest carrier
received produces sufficient a.v.c. voltage to exceed the cut-off bias value of
8 volts, the shadow area of fluorescent traget will overlap. In order to over-
come this effect resistor R; should be connected, as shown, between the
triode unit grid and cathode in order to reduce the control voltage. The value
of this resistance may best be determined by applying a strong signal and
then adjust R: until the shadow angle is nearly zero. (Courtesy R.C.A. Inc.)

R /1.0 megohm for B4+ =250 volts R;=R,
~ 10.5 megohm for B+ =100 volts Rs+R:=0.2 megohm

R.=0.05 megohm rf ( filter) C1=100 to 200 uuf
R:=0.2 megohm C:=A.v.c. filter condenser
R;=determined by test C:=0.05to 1.0 ur
Ri=a.v.c. filter resistor C.=C;

“Motor Boating” of Amplifiers.—Generally this term is
derived from the erratic action of a receiving set in giving out a
“put-put” sound somewhat resembling that of a motor used
in propelling a boat. This is usually caused by inter-action
coupling between stages, due to common coupling in the plate-
supply unit.
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To remedy this situation a circuit known as an ‘“‘anti-motor-
boating’’ has been found to give good results.

To add a circuit of this kind to any existing receiver it is
simply necessary to connect the resistance R, in series with the
lead connecting between the B+ detector terminal on the
receiver and the B+ terminal on the detector terminal on the
power unit. .

r ETB é ‘M BE
DET. v “ODET.
RADIO —_ I POWER
RECEIVER =0 =rC, UNIT
o ! 0
B— B-

FIG. 37—A method whereby ‘“motor boating’’' may be eliminated, by means
of condensers and resistor connected between the receiver and ‘‘B’’ power
supply unit as shown.

Condensers C; and C, each having a value of 2.0 mfd. are
connected between the B+ and B — as illustrated. It is prefer-
able to locate the resistance at a point close to the receiver
rather than near the power unit.

The value of the resistance depends to some extent upon the
characteristics of the receiver and the power unit. In some
amplifiers a value of 10,000 ohms have been found to be satis-
factory whereas in others a resistance of 50,000 to 100,000
ohms has been required to prevent “motor-boating” although in
most cases a resistance of 50,000 ohms has been found satis-
factory.

A non-motor boating resistance coupled amplifier using two
type 6]7 tubes with a voltage gain of 9,000, using circuits values
as indicated, is shown in fig. 38.
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Various Methods of Obtaining Grid Bias.—The grid bias
may generally be defined as the direct potential applied to the
grid of a vacuum tube, to influence its operation by making it
negative with respect to the filament or the cathode.

€184 2 8 uf, LOW VOLTAGE
20.0833F, VOLTAGE RATING AS HIGH

9“ AS VOLTAGE SUPPLY
20.008 j1f, VOLYAGE RATING AS HIGH

Ca.Cam 000 oL SUPPLY

Ri= VOLUME-CONTROL POTENTIOMETER

R2,Rg = 000 OHMS, 0.1 WATT

R3,R7,Ag= 500000 OHMS, 0.5 WATT

‘Rq,Rg = 100000 OHMS, 0.] WATT

Rs = 300 VOLUME - CONTROL.
POTENTIN TR, GANCED, Wi L

F = DECOUPLING FILTPR

FIG. 38—Schematic circuit diagram of ‘‘Non-motor boating” resistance
coupled amplifier. (Courtesy R.C.A. Mfg. Co. Inc.)

Among the numerous methods of obtaining bias voltage for
amplifier tubes, the simplest and most direct way is to connect
the “C”’ battery in series with the grid return lead of each tube.

However, because of a rather popular aversion to the use of
batteries, to mention nothing of its cost, this classical scheme
isruled out. The next method in order of simplicity is the use of
a self-bias resistor, properly by-passed, as shown in fig. 39.
This method is familiar to all set builders and experimenters,
and therefore requires little comment. The only disadvantage
is the high cost of resistors and by-pass condensers, especially
when there are numerous tubes in the set.
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A number of other bias circuits are available which have the
advantages of simplicity, low cost and reliability. These
schemes make use of the fact that the total B drain of the set
returns to the power transformer through the minus B, lead of
the set. Fig. 40 shows one of the circuits. A single tapped resistor
is used to obtain the C, bias voltages for all the tubes. Whep
using this circuit, the cathodes of all tubes are grounded.

Experimenters and set builders will appreciate how much this
weans in cleaning up the wiring around a tube socket.

SPEAKER FIELD
SEe—p—

B0 —B+

FILTERS ==

} TO RECTIFIER |
i

TO C- OF POWER TUBE | TD CATH. OF DIODE
DETECTOR AND 1st
A.F.TUBE
TO C- OF 1st A.F.TUBE

FIG. 39—Showing how grid bias may be obtained by the use of self biased by-
passed resistor.

FIG. 40—Tllustrating a simple and convenient grid bias scheme.

Finding Resistor’s Value.—The proper value of this resistor
Is easy to determine. With reference to fig. 40 add up the plate
and screen currents of all the tubes in the set (this value can be
obtained from a tube chart) and divide the total into the value
of grid bias of the output tube.
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For example, if the sum of all the plate and screen currents is,
say, 70 milliamperes (0.07 ampere); the grid bias of the output
tube is, say 12.5 volts. The value of the entire resistor is then
12.5 divided by 0.07 or approximately 180 ohms. This resistor
is divided into three parts: Part 1, is simply the value of the -
bias on the 7.f. and 7.f. tubes divided by 0.07; part 2, is the
value of the bias on the first audio tube divided by 0.07, etc.

If trouble be encountered with this calculation, then find the
value of the entire resistor and determine the position of the
taps by trial and error; the same answer will be obtained either
way.

Using Speaker Field.—Another convenient bias circuit is to
make use of the voltage drop across the speaker field when it is
connected in the negative leg of the filter. This circuit is shown
in fig. 41. In this circuit, all cathodes are connected directly to
chassis. The proper position of the taps is best calculated, be-
cause R should be about 0.5 megohm and accurate readings
cannot be obtained on ordinary volt-meters with such high
resistors in the circuit.

In a typical case, E is 100 volts. R, is 3 times 500,000 di-
vided by 100, or 15,000 ohms. R, is 1.2 times 500,000 divided
by 100 or 6,000 ohms; in a similar manner R, plus R, plus R,
is determined.

In circuit fig. 43 is another typical device which is used with
much success. In this circuit, the a.s.c. resistors are used to
form a voltage divider with another resistor R;. The theory of
the circuit is as follows: A bias voltage E, is developed across
resistor R, in a manner similar to that described for circuit
fig. 1. This voltage is impressed across R;, R; and R; in series.
It is the fraction of E, that is developed across R, plus R, that
supplies bias for the 7-f and i-f tubes. The entire voltage E
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FIG. 41—Method of obtaining grid bias by utilizing voltage drop across speaker
field coil.
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FIGS. 42 and 43—Grid bias method when receiver is equipped with automatic
volume control.
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supplies bias for Lne output tube; the first a-f tube obtains bias
from a tap on R,. The merit of this circuit lies in the fact that
any hum on R, is filtered from the grids of 7-f and i-f tubes by
the a.v.c. condenser C, which is normally in the circuit.

The circuits shown here are fundamental types and there are
many deviations from them. This circuit is relatively new and is
being adopted by an increasing number of manufacturers for
reasons of economy.

Only one precaution need be taken. Should hum develop,
simply insert a decoupling resistor in the grid lead of the first
audio tube, as shown in fig. 42.

R.M.S. (Root mean-square) and Peak Voltage Relations in
an Alternating Current.—In order that a clear conception may
be had regarding the exact meaning of the above terms, the
definitions are as follows:

1. The R.M.S. (Root mean-square) Value sometimes identi-
fied as effective voltage is that part of an alternating current
which has the same heating effect as a direct current of the
same potential, and it is for this reason that the r.m.s. value of
an alternating voltage is termed the effective value.

2. The Peak Value of an alternating voltage is the maximum
value to which the voltage rises during any part of the cycle.
The shape of ordinary a.c. voltages are such that the potential
is proportional to the sine of an angle, hence the often heard
expression of the term “sine curve” shown in fig. 44.
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When the voltage has such a form the peak voltage is equal
to the 4/2 times the 7.m.s. value or if the peak voltage is known
divide this voltage by the /2 to obtain the r.m.s. or effective
value.

Example.—What is the effective or (r.m.s.) value of an os-
cillating grid voltage whose peak values are 7 and 22 volis negative,
and what is the grid bias?

+ ——— e —— e ————— e s ———
§ NON- OSCILLATING D. C. VOLTAGE, GMING
5 THE SAME HEATING EFFECT (I'R) AS THAT
g OFTHEAC.VDLTQGES BELOW

+

£ 7er0 VALUE

—— —_—— — —— | S et ——— — G——— oa

PEAK VOLTAGE R..M. S, OR EFFECTIVE
§+ l lVOLTAGE
2t
3 L2er0 vALUE

FIG. 44—Illustrating comparative values of r.m.s. and peak voltage in an
alternating current.

Solution.—Since the extreme values of voltage variation are
—7 and — 22 volts, the total amount of grid “‘swing’’ will be their
difference or 15 volts, while the amplitude of an oscillation will
be half of this or 7.5 volts. Now the r.m.s. value is always

1 .
a1 0.707 of the corresponding amplitude; hence the
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! r.m.s. value of the grid voltage oscillations will be 0.707 X 7.5 =
5.3 volts approximately. The grid bias point or mean potential
of the grid will obviously lie half-way between the extreme

peaks of potential attained in the cycle; it will therefore be"

34 (7+422) or 14.5 volts negative.

Example.—If a 2 voli battery supplies 0.85 watt to a filament
circuit, what 1s the current drain?

. Solution.—For the solution of this problem, it is necessary
to re-write the equation W=1IXE in the equivalant from

I =—%— in which as usual E and I are in volts and amperes,
while W is expressed in watts. In the above example therefore—

I=%=0.425 ampere

Example.—1It is desired to use 759 of the possible voltage
amplification of a triode in a resistance coupled audio frequency
stage. If the \. and a.c. resistance of the tube are 22 and 18,000 £
with 100 volts on the plate, what resistance load is necessary in the
anode circust?

Solution.—For the purpose of this question, ignore entirely
the frequency distortion which is inevitably introduced into
the resistance capacity audio frequency coupling, by reason of
the inter-electrode capacitance of the tube, and the coupling
condenser, and assume simply that amplification is uniform over
all frequencies. As a working approximation over a wide fre-
quency band, the actual voltage amplification obtained from a
single stage is given by the well known formula:

. “XR
stage gan=-p= o

A
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where . and Ro are the amplification factor and anode a.c.
resistance of the tube, and R, is the external load in the anode
circuit. In this case, the voltage gain over the stage is 75%,
of . :
WXR 75
Hence, RiRo =M 100

equating and substituting, it follows that,

RT{—‘IRSW = _(75-175 or R=54,000 ohms.

Example.—If the anode resistance in the preceding example 1s
connected directly to the output of an eliminator supplying cur-
rent at 300 wvolls, what is the average current taken by the audio
Sfrequency tube?

Solution.—Since the anode voltage of the audio frequency
tube is specified as 100 volts, the voltage drop across the anode
resistance will be the difference between 300 and 100 or 200
volts. The average current passing will therefore be—

E 200
I=T=W Ol’ 3.7 MOA.
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CHAPTER 14

Radio Circuit Diagrams
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Fi1G6. 1.—Schematic wiring diagram of a 4-tube Handy-phone for inter-office communica-
tion. (Model FM-41 General Electric.) The handy phone is an efficient loudspeaker phone
system for use in offices. homes, hospitals or other places where voice ,communication be-
tween a central station and one of more remote stations is desirable. The system comprises
one Model FM-41 master station and from one, to four Moddl FS-5 remote speaker phone
stations. The master station employs four General Electric tubes in a three-stage audio
amplifier circuit, with power supply. = When it is desired to operate over a distance of more
than 2,000 feet, standard line transformers may be used, procurable from any radio supply
touse. The transformers should be designed to operate from a five-ohm source into a line of
200, 500 or 600 ohms impedance. The system may be operated from either a.c. or d.c.
power supply. When the system is operated from an a.c. source, all d.c. potentials are sup-
plied by the rectifier tube 25Z5 and its associated filter circuits. When the system is oper-
ated from a d.c. source it is necessary to insert the plug with proper polarity. If the unit fails
to function after allowing time for the tubes to reach their preper operating temperature, the
power plug should be reversed in the receptacle.
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WAVE BAND SWITCH SHOWN IN BROADCAST POSITION

POSITION NO ) BROADCAST
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Fi1G, 2.—Schematic wiring diagram of a 6-tube a.c. dual-wave superheterodyne receiver. (Emerson Models, AR-171, AR-173,
AR-174, AR-176, AR-180, AR-185, AT-170, AT-172, AT-181) i.f. peaked at 456 kilocycles. Voitage rating 105-125 volts a.c.
Power consumption 55 watts,

Frequency ranges 540 to 1,730 kilocycles and 5.6 to 18 megacycles.
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F16. 3.—Schematic wiring diagram of a 6-tube, 2-band
110-115 volts, 50-60 cycles. I.f. peak 456 kilocycles.

a.c. radio receiver. (Majestic-620.) The set is designed to operate on
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F1G. 4.—Circuit diagram of a 5-tube. 2-band a.c. superheterodyne receiver. R.C.A. Victor Model 5T1. Its design includes
magnetic-core adjusted ¢.f. transformers and wave-trap; aural-compensated volume control; two-point high frequency tone
control; automatic volume control; resistance coupled audio system; phonograph terminal board; and a six-inch, dust-proof,
il:ctro—dynamic loudspeaker. Frequency ranges: “Standard broadcast” 540—1,820 kilocycles. Short wave—1,820-6,600

ilocycles.
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F1G6. 6.—Schematic wiring diagram of a 6-tube automobile radio receiver. (Philco-Nash N-1434-H.) The speaker of the elec-
trodynamic type is designed for mounting on a frame in the center above the windshield. For installation of the receiver mount-

ing holes are provided in the left hand side of the dash.

Since all late cars have an all-metal roof it is necessary to install either

a cowl extension antenna or an under the car antenna. The under car antenna is installed beneath the running boards.
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FiG. 7.—Circuit diagram of a 5-tube, alternating current, 115 volts, 50-60 cycle radio receiver. (Fada Model 354.)
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Fic. 8.—Circuit diagram of a 7-tube automobile radio receiver. (Philco Lincoln-Zephyr L-1424.) This receiver is equipped
with an electro-dynamic speaker, which is mounted on the rear of the instrument board extension. The volume control is auto-
matic, a specially designed input circuit to match thetire compartment door antenna, and an elaborate filter network to reduce
ignition noise disturbance is included. The receiver is designed for location under the front seat on the right side, which gives
accessibility to all parts for service.
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F16. 9.—Schematic wiring diagram of a 6-tube 2-band a.c.-d.c. radio receiver,

operate on 105 to 125 volts, 50-60 cycles a.c.ord.c. I .f. peak 456 kilocycles “B"”
volts. “B” supply voltage B4 to B — (line) = 121 volts. Voltage across filter choke

volts. Voltage acroes pilet lig
115 volts d.c. power supply.

hts approximately 4.8 volts each. These voltages

(Majestic Model-60.) The set is desigped to

supply voltage B+ to chassis (ground) = 106
(in negative lead) chassis ground to B — = 16.5
will be approximately ten per cent lower for
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F16. 10.—Circuit wiring diagram of a 6-tuhe automobile radio receiver. (Philco-Packard P-1432H.) The receiver is designed
for installation above the steering column of the car. Special knockouts are provided in the dash for the receiver in all model
115-C and 120-C Packard cars. These plugs are easily removed with a screwdriver. The electrodynamic speaker is designed
for location behind the header bar cloth directly above the rear vision mirror. All closed cars are equipped with a roof-type
antenna, with the lead-in brought down inside the left front pillar post and coiled behind tbe cow! trim panel.
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F16. 11.—Schematic wiring diagram of a 6-tube superheterodyne automobile radio receiver. (Philco-Chrysler-Dodge-Plymouth-
DeSoto Model C-1452.) The receiver is furnished with an electrodynamic speaker which is installed together with the re-
ceiver on the dash directly behind the steering column. Due to the fact that all late model cars have a steel roof, a separate
external antenna must be used. The antenna may be either the “Roadway Dual”’

board or the “Skyway"” type which is installed on the left side of t
field.

he cowl and can be e

type which is installed under the running
xtended to meet varying conditions in the
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Fic. 12.—Circuit diagram of a 5-tube, 2-band a.c. superheterodyne receiver. (R.C.A. Victor 5T6, 5T7, 5T8.) Their design
includes magnetic core adjusted 1.f. transformers and wave trap; aural-compensated volume control; high-frequency tone con-
trol; resistance coupled audio system; phonograph terminal board; illuminated, band-indicating dial pointers; and a six-inch,
dust-proof, electro-dynamic loudspeaker. Frequency ranges: Standard broadcast:540—1,820 kilocycles. Short wave: 1,820-6,600
kilocycles.
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band. Frequency ranges: Long wave 155-320 kilocycles. Medium wave 530-1,500 kilocycles. Short wave 5,400-18,000 kilo-
cycles. Intermediate frequency 460 kilocycles.
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F16. 14.—Circuit diagram of a 6-tube all-wave a.c. superheterodyne receiver. (Emerson Model S-147, S-151) i.f. peaked at
456 kilocycles. Voltage rating 105-125 volts. Current drain 0.556 amperes. Frequency ranges 550 to 1,750 kilocycles: 1,750
to 5,500 kilocycles; 5.7 to 18.0 megacycles.
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F16. 15.—Circuit diagram of a 6-tube Police automobile radio receiver. (Philco Model DPV.) This model is superhetero-

dyne, single unit receiver designed for operation on the standard emergency police frequency as allotted by the Federal Radio
Commission. The tubes are all of the 6.3 volt typé especially developed for auto radio service. There is a 39-44 tube in the
r.f. stage, a 6A7 tube in the detector oscillator stage, a 44in the ¢.f. stage, a 75-tube in the 2nd detector and lst audio stage,
a 42 tube in the output and an 84 rectifier tube in the power supply. The receiver is “all electric” operating entirely from the
auto battery, The “B’ power is supplied by the vibrator shown at 64 in the diagram.
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F1G. 16.—Circuit diagram of a 6-tube automobile radio receiver. (Ford-Philco F-1442.) The function of the vibrator (shown
at 71) is to interrupt the direct current voltage produced by the storage battery, and so enabling tbe transforming of the current
to a higber voltage by means of transformer (shown at 63). The reconverting to direct current is accomplished at the rectifier
tube 84, and filtering at 65 and 66.
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Fi6. 17.—Schematic wiring diagram of a 5-tube, 2-band g.c.-d.c. radio receiver. (Majestic Model 50.) Operating voltage
105 to 125; a.c. or d.c. I.f. frequency 456 kilocycles. Broadcast bYand 540 to 1,550 kilocyclcs. Police band 1,550 to 4.000
kilocycles.
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F16. 19.—Schematic circuit diagram of a 12-tube superheterodyne, 3-band radio receiver. (Zenith Models 12-S-205, 12-S-232,
12-5-245, 12-S-265, 12-S-266, 12-S-267, 12-5-268.) I.f. frequency 456 kilocycles. Line voltage 117 volts a.c. 50 to 60 cycles.
Power consumption 110 watts.
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F16. 20.—Circuit diagram of a 5-tube combination phonograph and dual-wave superheterodyne receiver.

L-143.) I.f. peaked at 456 kilocycles. Voltage rating 105 to 125 volts a.c.
quency range 540 to 1,750 kilocycles—2,200 to 7,500 kilocycles.
cycle a.c. supply.

(Emerson Model

Current drain 0.5 amperes for receiver. Fre-
Speed of phonograph motor 78 r.p.m. at 105 to 125 volts, 60
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Fic. 21.—Schematic circuit diagram of a 6-tube, 2-band a.c. superheterodyne receiver. (General Electric Models F-63, F-65

and F-66.) Intermediate frequency 456 kilocycles.
2.2-7.0 megacycles. Power consumption 70 watts at

Tuning frequency range: Band “B,” 540-1,750 kilocycles. Band “C,”
115-125 volts. 4-point tone control; electrodynamic loudspeaker.
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Fi6. 22.—Gchematic circuit diagram of an all-wave radio receiver and phonograph combination. 7-tube a.c. superheterodyne.

(General Electric Model E-79,) Tuning frequency range: “Band B, 540-1,600 kilocycles. Band “C,” 1,560-5,800 kilocycles.
Band “D,"” 5.6-18.0 megacycles (5,600-18,000 kilocycles). Power consumption 105 watts at 115 volts. Speed of phonograph
motor 78 r.p.m. at.115 volt, 60 cycles, a.c.
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Fi6. 23.—Schematic circuit diagram of a 6-volt synchronous vibrator radio receiver. 5-tube, 2-band (General Electric Models
US51 and US5). Intermediate frequency 456 kilocycles. Tuning frequency range: *“B” range—528-1,730 kilocycles. “D”
range, 5,650-16,000 kilocycles. Power consumption 1.1 amperes at 6.3 volts.
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F16. 24.—Schematic circuit diagram of a 15-tube superbeterodyne 4-band radio receiver. (Zenith Models 15-U-246, 15-U-269

15-U-270, 15-U-271, 15-U-272, 15-U-273.
consumption 160 watts.

) 1.f. frequency 456 kilocycles. Line voltage 117 volts a.c. 50 to 60 cycles. Power
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F1a. 25.—Schematic diagram of a 5 tube radio-phonograph receiver. (Emerson Model CJ-221.) Voltage rating 105-125 volts;
power consumption 30 watts and 20 watts for the 78 7.p.m. phonograph motor. The frequency range is from 640 to 1,730 k.c.
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Fia. 26.—Schematic circuit diagram of a 5 tube superheterodyne radio-phonograph combination. (Stromberg-Carlson Model 411.)
‘This receiver has a tuning range of 640 to 1,700 k.c. and 5,800 to 18,000 k.c. The voltage rating is 105 to 125 volts, 50 to 60
cycles; input power rating 52 watts; intermediate frequency 4566 k.c. The phonograph motor delivers the usual 78 7.p.m. to the
turntable, and is connected to the socket after the main cut-out switch. A phono-jack on the front of the cabinet facilitates
the connection to a set of head-phones.
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Fia. 27.—Circuit diagram of a 6 tube push button and dial tuned super-heterodyne radio receiver. (Philco Model 40-160.) The
receiver has incorperated a built-in aerial which reduces local static interference to a minimum. This model is also designed to
receive sound and television programs tuned in by a special type Philco Television set. Additional features are: Tone control; two
‘uning ranges covering 540 to 1,660 and 1,550 to 8,350 k.c.; pentode audio output circuit; provision for outside aerial connection
for remote localities where station signal strength is very weak. Five of the push buttons are used for broadcast stations and one
for selecting dial tuning. Power supply 115 V. 25 and 60 cycles; power consumption 45 watts; audio output 2 watts.
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Fi1a. 28.—Schematic circuit diagram of an A.C.-D.C. portable super-heterodyne receiver. (Emerson DJ-310-311-312.) The circuit
has a frequency range of from 540 to 1,800 k.c.; contains 6 tubes and can be operated from self-contained batteries as well as
from a 110 volt 60 cycle A.C. source. The power consumption is 30 watts. It has a built-in antenna, with provision for connection
to an external antenna and ground if desired.
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F1a. 29.—Circuit diagram of a 6 tube A.C. superheterodyne receiver. (Philco Model 40-140, 40-145.) The receiver has a built-in
aerial system which reduces static and interference to a minimum. The frequency coverage in kilo-cycles on each of the five push
" buttons are: 540 to 1,030; 650 to 1,100; 740 to 1,800; 800 to 1,470 and 1,160 to 1,600 respectively. Intermediate frequency 465
k.c.; power supply, 115 volts, 60 cycle; power consumption 38 watts; audio output 2 watts.
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Fra. 30.—Circuit diagram of a 7-tube A.C. superheterodyne receiver. (Stromberg-Carlson No. 420.) The circuit tuning ranges are
from 640 to 1,700 k.c. and 6,800 to 18,000 k.c. Voltage rating 105-125 volts; 50-60 cycles; intermediate frequency 455 kilo-cycles;
input power rating 57 watts. A special socket is provided in the rear of the chassis into which a record player may be plugged
and a switch is provided on the front of the chassis for switching from radio to phonograph. Switching to phonograph also makes
the audio amplifier and loud speaker available for use with television receivers, designed for this type of sound reproduction.
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Fia. 31.—Schematic diagram of an eight-tube frequency modulation, radio receiver and conv
This receiver is designed for the reception of ““fregue;

-strong wide-swing frequency modulation system,

extreme high fidelity makes it an outstanding radio development. At present the Federal C

Schematic Disgram

erter. (Stromberg-Carlson No. 425.)
ncy modulaled” broadcasting stations only, and features tbe popular Arm-
making possible virtual static and noise free re.ception. which in addition to

limited by telephone lines, or by program transcriptions, although this condition will, undoubtedly,

‘The circuit type is a frequency modulation—super-
rating at 120 volts, 79 watts; intermediate freque

heterodyne. Tuning range 40 to 44 megacycles (7.5
ncy 2.1 megacycles (2,100 kilo-cycles).

hasestab-

be improved as time goeson.
to 6.82 meters); input power
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F16. 32.—Schematic circuit diagram for a 4 tube superheterodyne portable radio receiver. (Stromberg-Carlson Model 402.) The
power supply consists of one 1.5 volt A battery and 2—45 volt B batteries, inter-connected as shown. The tuning range is from
550 to 1,580 k.c.; intermediate frequency 465 k.c. A loop antenna is built in so that no outside connections are required. This
receiver may, however, be connected to a regular antenna and ground if desired, from special binding posts provided on the bot-
tom of the cabinet. (A single wire antenna about 75 ft. long should be most satisfactory.) In order to avoid battery drain the
dial is so designed that no pilot light is necessary and an indicator shows “Red” when the set is turned “On’’ and reads “Of”’
when the set is turned off.

Hoze

J ompey

1q o1l

sweiser



Receiver Construction 321

CHAPTER 15

Receiver Construction

Tools.—It cannot be denied that a commercial factory built
receiver from the standpoint of appearance can be made much
neater than most amateur built sets. This is due in most cases
to the lack of necessary tools for handling the modern type of
construction, found in ready built sets.

It is undoubtedly true that with a few well-chosen tools; an
otherwise time consuming piece of work may be turned out
neat appearing, satisfactory and reliable from every point of
view.

Within certain limits it is true that the greater the variety of
tools the better the job will be done, and it is also true that a
great many difficult pieces of equipment have been built by
only a minimum number of hand tools.

A list of tools commonly required by the amateur are as
follows:

1 Hacksaw (12 in. blades).

1 Pr. slip-joint pliers (6 in.).

1 Pr. longnose pliers (6 in.).

1 Pr. diagonal cutting pliers (6 in.).
1 Ball pein hammer (1 1b. head).

1 Bench vise (4 in. jaws).
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1 Round bastard file (coarse, 14 in. or more diam.).

1 Flat file (12 in. very coarse for fast cutting).

1 Taper reamer (1 in.) for brace.

1 Taper reamer (34 in.) for brace.

1 Center punch.

1 Electric soldering iron (100 watts, small pointed tip).

1 Heavy knife

1 Circle cutter (adjustable) for brace.

1 Screw driver bit for brace.

1 Countersink for brace.

1 Carpenter’s ratchet brace.

1 Hand drill (2 speed).

1 Yardstick or other straight edge.

1 Carpenter’s plane (8 to 12 in.).

1 Combination square (12 in.).

1 Pr. wing dividers (8 in.).

1 Long shank screw driver with screw holding clip (}/ in.
blade).

1 Screw driver (6 in. to 7 in. 14 in. blade).

1 Screw driver (4 in. to 5 in. 14 in. blade).

1 Scratch awl or ice pick.

1 Cold chisel (4 in.)

1 Wood chisel (34 in.).

1 Pr. tin shears (10 in.).

1 Set small stamped steel open end wrenches.

Several small “C” clamps.

Drills; particularly 34 in., ¥4 in., 3¢ in. and Nos. 13, 21, 28,
29, 33, 42 and 50.

Solder (rosin core).

1 Combination oil stone for sharpening tools

Sandpaper and emery cloth (several grades).

Steel wool.

Soldering paste (non-corroding).
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Method of Bending and Cutting Sheet Metal.—The cutting
of sheet metal is generally performed with a hacksaw, following
a marked outline on the panel to be cut, after which the rough
edge is trimmed down to measurement with a suitable file.

A dependable steel square should be used in marking out the
various lines to be cut, otherwise the assembly will be out of
alignment when put together.

__/MARK AND CUT OUT AS INDICATED =3
2 |

|

L~

=

90°
\-.
/
g

25”7

¥FIG. 1—Showing methed of laying out metal to be developed into a radio
receiver chassis. The dimensions shown are typical only, and should not be
considered as standard for any particular job.

As a final finishing of the edges it is recommended that a long
piece of emery cloth or sandpaper be placed on a flat surface,
on which the edge of the metal be run back and forth.

In bending a piece of metal the sheet may be scratched as
deeply as permissible (without weakening the strength of the
piece) after which it is put in a vise and bent to the desired form.
Sometimes a pair of iron bars or angles of the same length or
longer than the width of the sheet, will facilitate the bending
process.
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Laying Out the Apparatus.—A general practice of good work-
manship is to lay out the component parts, on a sheet of heavy
paperupon whichthe exact outline of the panel or chassis has been
made. The parts are generally moved around until a satisfac-
tory arrangement has been obtained. The centers and size of the
various holes are then laid out on the paper, after which the
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FIG. 2—After corners has been removed and the drilling and cutting com-
pleted, the projecting sides of the metal is bent down 90° to form the chassis
as shown in fig. 4.

paper is transferred to the panel and properly fastened by
gummed paper or adhesive tape. Only after this has been done
may the center of the holes be punched through the paper. This
general procedure has been found to save a great many valuable
panels, and is in the long run, a method of time and money
saving.

When measurements are made it is well to observe with
great care that the necessary accuracy be obtained, otherwise
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unnecessary filing and trimming will be tequired which may
finally make an unsatisfactory assembly.

Generally it can be said that holes larger than 1% or 3 in.
should be drilled with a small drill and then enlarged succes-
sively until the wanted size is obtained.

NOTE: MATERIAL & THICK ALUMINUM

) . OR COPPER PLATED STEEL h- 3%
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FIG. 3—Example of a typical chassis size and drilling layout, showing location
of parts.
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FIG. 4—Side view of final development of chassis.
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For holes larger than 1 in. a taper reamer should be used if
possible. When holes of 1 in. diameter or larger are to be drilled,
a hole cutter sometimes identified as a fly-cutter is necessary.
If such a tool is not available, it may be cut out by drilling a
series of small holes as close together as possible, as shown in
fig. 5.

FIG. 5--Method of drilling large diameter holes. After drilling is being com-
pleted the remaining corners are removed by a round file of suitable size.

Tapping of Holes.—After the holes are drilled to measure-
ment and before they are tapped, it is well to refer to the table
showing the tap sizes to be used for the various standard sizes
of machine screws.

Certain metals, notably aluminum, are difficult to tap, hence
care should be,observed not to break the tap and as a precaution
the tap should be kept at right angle to the metal surface, and
reversed whenever necessary, and machine oil should always be
used.
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Soldering.—Before proceeding to the actual construction it
may be well to observe the importance of soldering.

In soldering it is important that the solder and the joint be
kept at similar and sufficient temperatures. A good soldering
joint is made when the heat applied to the solder is sufficient
to melt the solder when it comes into contact with the wire
forming the joint. Soldering paste of the non-corroding type is.
recommended, and should be used sparingly, because of the
fact that an excessive amount of solder will spread over the ad-
jacent wire insulation causing leakages and breakdowns.

Finally the tip of the soldering iron should be kept at the
correct temperature as well as clean and well heated.

Wiring.—The importance of wiring in radio receiver con-
struction should not be underestimated. The old geometrical
axiom that a straight line is the shortest distance between two
points should not be taken too seriously when wiring a radio
receiver, if a satisfactory performance is to be expected.

Although there are no specific rules guiding the performance
of this task, many skillful constructors wire a receiver in the
following order: .

1. In case of a.c. supply all filaments or heater connections are
wired with a pair of twisted wires. They should be placed
wherever possible in the angles formed by the top of the chassis
separately away from the other circuits.

2. All grid and plate connections are run as directly and with
as short leads as possible from the tube socket or cap to the
indicated terminal (preferably to the condenser in a tuned cir-
cuit) but should be spaced from or run at right angles to other
circuit elements.

3. The plate and grid return circuit with their various filter
- elements are placed in a neat orderly way in place.




328 Receiver Construction

Guiding Principles.—Whenever possible, a single common
ground point should be used for each stage. By-pass condensers
should be placed as close to the socket terminal or by-passed
element as possible. Choke coils should be placed so that their
fields do not mutually interact, and as much spacing between
the parts in adjacent stages should be provided as the construc-
tion permits.

When ordinary push-back wire is used for plate and grid con-
nection in short-wave receivers, it should be kept away from the
chassis or other parts, since the insulation at high frequency is
apt to cause leakage. Spaghetti or varnished cambric insula-
tion is generally satisfactory at ordinary radio frequencies.

Important Information.—The one important factor to keep
in mind when wiring a receiver is that damaging reactions be-
tween the stages due to stray coupling between the various cir-
cuit elements should be avoided, hence too much dependency
should not be placed on ordinary forms of insulation, in keeping
the elusive high frequency current in boundaries geometrically
formed by the wire.

Also the resistance introduced by one single improperly *
soldered connection may ruin the performance of an otherwiss+
perfect receiver.
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CHAPTER 16

“Control Systems

AUTOMATIC FREQUENCY CONTROL (A.F.C.)

In the early kinds of radio sets the receiver control had to be
operated manually by the turning of one or more volume control
knobs. In modern receivers however, automatic frequency con-
trol has been incorporated to make this constant manipulation
of the volume control knobs unnecessary.

The action of the automatic frequency control circuits in
superheterodyne receivers is such that any mis-tuning by the
listener or any frequercy drift in the set after it has been
properly tuned is automatically corrected by the incoming
signal itself.

The requirement for an automatic frequency control circuit
are:

1. A d.c. detector operated through an 4.f. frequency dis-
criminator network, and

2. An oscillator frequency control circuit.
How the Discriminator-Detector Circuit Works.—The dis-

criminator-detector network as the name implies, discriminates
between applied intermediate frequencies which are too low
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and those which are too high, and produces a corresponding
direct current or voltage whose polarity depends upon the direc-
tion of frequency departure from a prescribed intermediate
frequency. This d.c. voltage is applied to a control element
which in turn causes a shift in frequency of the local oscillator
such as to bring the 7.f. signal to very nearly the correct inter~

[

1st 1st. 2nd. 2nd.
RF. DET. IF. IF. DET. AF.

- |

DISCRIM-
INATOR

0SC. o
CONTRO!

FIG. 1—Cenventional block diagram of an automatic radio frequency control
circuit.

mediate frequency. Since production of the d.c. voltage is due
to departure from the resonant or center frequency of the 7.f.
system, obviously the correction cannot be strictly complete;
but in the system described a correction ratio of more than 100
to 1 is feasible.

In other words, when the dial of the receiver is mis-tuned 100
k.c. for the received signal, the automatic correction may be
made to bring the actual i.f. signal frequency to only 100 cycles
off resonance in the 7.f. system. Of course that is easily suffi-
cient.
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The Frequency Discriminator.—A method for obtaining
differential d.c. potentials (or currents) whose magnitude and
polarity are determined by the amount and the sign, respec-
tively, of the difference between an applied frequency and the
true intermediate frequency is described herewith. Side circuits
tuned above and below the center frequency are not used.

The action depends upon the fact that a 90° phase difference
exists between the primary and secondary potentials of a double-
tuned, loosely-coupled transformer when the resonant fre-
quency is applied and that this phase angle varies as the ap-
plied frequency varies. Thus if the primary and secondary
voltages are added vectorially, the absolute magnitude of the -
resultant vector will be greater on one side of resonance then
on the other.

The vector sum of the primary and secondary voltages may
be physically realized by connecting the two parallel tuned,
coupled circuits in tandem, applying the input potentials to
one circuit and taking the output across both circuits in series.
In this manner, an action similar to that of a side circuit is
produced even though the primary and secondary are both
tuned to the center frequency.

The potentials at either end of a secondary winding with
respect to a center tap on that winding are 180° out of phase.
Therefore, if the center tap, rather than one end, of the secon-
dary is connected to the primary, two potentials may be real-
ized, one maximizing above and one maximizing below the
center frequency. See fig. 2.

If a transformer is connected in this manner and the resonant
frequency is applied to the primary the two resulting output
potentials will be equal in magnitude. If these are then applied
to two separate, like detectors and the resulting d.c. voltages are
added in opposition, the sum will be equal to zero. If, however,
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the applied frequency departs from responance, the sum of
their outputs will be some real value whose polarity will de-
pend upon the sign of the frequency departure.

1
l 1
. —
! % Et
= E,
1 y [
MAGNITUDE OF E,
=FREQUENCY \ +FREQUENCY
\
\ /,
\ /4\ DIFFERENCE IN
fl N\ _.“““MAGNITUDE OF E,
AND E,
FIG. 2—Diagram and plotted curves illustrating how the potentials at either

end of secondary are 180° out of phase.

Referring to fig. 3, the action is as follows: If the resonant or
center frequency is applied to the grid of the amplifier tube,
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equal amplified voltages will exist between the point A and
ground and between the point B and ground. These are rectified
by the diodes and direct currents will flow in the resistors R,
and R, in opposite directions with respect to ground. Thus, the
net d.c. potential produced by the two IR drops between E,
and ground is equal to zero. If, however, the applied frequency
departs from resonance the potentials across the diodes will be
unequal in magnitude, unequal IR drops will be produced
in the two resistors and a d.c. potential will exist between E and
ground, the polarity of which will depend upon the sign of the
frequency departure.

DIFFERENTIAL D.C.
\VOLTAGES FOR A-F.C,

R,

(AUIDIO &AV.C)
VOLTAGES

L

R.

R.F. CHOKE

FIG. 3—Automatic radio frequency control detector diagram.

If a carrier at the resonant frequency with normal intensity
modulation, but without frequency modulation, is applied to
the system, the a.f. as well as the d.c. voltages across R, and
R, will be equal and opposed. Therefore at resonance there will
be no a.f. potentials between E and ground, and as far as audio
components are concerned, the system acts exactly as though
point E, were grounded with the outputs of the two diodes
acting in parallel. Actually if C: is sufficiently large to have
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negligible reactance at the lowest modulating frequency, this is
the case. Then the point F, becomes a potent source of audio
voltages to supply the a.f. amplifier system and no other audio
detector is necessary.

T

AAAA
VYVVV
.

[

DISCRIMINATOR VOLTAGE B+

FIG. 4—Typical control circuit diagram.

It can be seen that the d.c. potential between ground and the
point F, will have the proper polarity to be used for avc action,
and that this potential will bear the same ratio to the developed
audio voltages as is found in the conventional diode detector
avc system. The fact that it maximizes at one side of resonance
is of no significance if automatic frequency control is used.
When the afc is cut out of circuit (manually) point E,
is grounded. This causes the d.c. potential at F, to maximize on
resonance.
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The Control Circuit.—A circuit which will convert d.c.
discriminator voltages into changes in oscillator frequency is
shown in fig. 4. In this figure T, is the oscillator tube and T,
the control tube. The combination of R, and C; connected
across the oscillator tank circuit produces a voltage on the grid
of the control tube 90° out of phase with that existing across the
tank circuit. Variations in grid bias of the control tube (ob-
tained from the discriminator) vary the plate current of that
tube. This plate current is 90° out of phase with the tank cir-
cuit voltage and therefore the control tube acts like a reactance
in shunt to the tank circuit. The magnitude of the reactance
and therefore the oscillatory frequency are varied by the con-
trol tube grid bias.

With the circuit shown in fig. 4 the control tube is equivalent
to an inductance in parallel with the tuned circuit. An increase
in mutual conductance of the control tube produces a decrease
in the magnitude of this equivalent inductance and conse-
quently an increase in the oscillator frequency.

Control Tube.—The amount of control is proportional to
G, but is also affected by the control grid voltage for this G,
since a high value of bias permits R, or C, to be smaller for a
given oscillatory voltage. Consequently maximum control is
proportional to the product of G,, and E.. Sensitivity of control
is however, another important requirement, since it is desired
that the frequency change be as large as possible for a given
change in bias. This means the control tube should be of the
short cut-off type. Further requirements are high r,, linear
change of G,, with bias, and for economy, low plate and screen
currents,
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All of these requirements are best met by the short cut-off,
7.f. pentodes such as 57, 77, 6C6 and 6 J7. By proper choice of
R, and C,; the maximum amount of frequency correction can be
adjusted to suit required conditions.

The frequency control readily obtainable by this circuit is of
the order of 9.5%, of the oscillator frequency in the broadcast
band and 1.59%, in the region of 10 megacycles.

In a receiver it has been found that a discriminator sensi-
tivity of 100 volts per k.c. and a control sensitivity of 7 k.c. per
volt can be easily obtained, so that an overall control ratio of
700 to 1 results. A tuning misadjustment of 7 k.c. will therefore
result in only a 10 cycle shift of the intermediate frequency.

The use of afc on the short-wave bands has the very much
needed advantage of making the tuning operation easier. The
tuning control has to be moved only until the frequency is close
enough to resonance that the discriminator will develop suffi-
cient voltage to bias the control tube the amount required for
the departure from resonance. Short-wave stations are thus
spread out on the dial, making them easier to locate and easier
to hold.

In the broadcast band this characteristic would have the dis-
advantage that the receiver would appear to laymen to be
broad in tuning in comparison with receivers without afc. This
apparent disadvantage can be eliminated by combining the afc
switch with the tuning mechanism so that the afc automtically
becomes inoperative during the tuning operation.
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PUSH BUTTON TUNING SYSTEMS

Push-Button Station Selectors.—Push button station selec-
tors is primarily an arrangement whereby the process of tuning
has been greatly simplified. It is thus possible by means of a
mechanical arrangement to choose a selected number of sta-
tions each one of which may be tuned in by the method of some
control to a pre-determined position.

It is only recently however, that these systems have achieved
the measure of popularity that it undoubtedly deserves, and
this is probably because of the technical difficulties involved'in
producing a receiver which has the same capabilities as any
ordinary set—the problem being not only to incorporate this
additional device, but of maintaining it consistently in opera-
tion. '

These early difficulties, however, have been largely overcome,
primarily by the employment of apparatus of a higher standard
of quality than was previously possible, and also due to a
better understanding of the problems involved.

Various Systems in Use.—There are many push-button tun-
ing systems in use as well as many different methods of control.
Perhaps most common, however, is that of a series of push but-
tons (one for each station) located on the receiver itself, al-
though sometimes these buttons may be duplicated, one set
being mounted on the receiver, and the other at the end of an
extension cable of suitable length.
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Typical Extension Cable System.—A typical system of this
kind is incorporated in the current line of General Electric
receivers.

In this system remote tuning and volume control is accom-
plished by extending the push-button tuning circuits by means
of a cable to the remote control box.

Changes in the volume level are effected through the use of a
motor on the volume control shaft as shown in fig. 5. A reversible
motor is employed and controlled by two switches on the remote
control box.

REMOTE CONTROL, | | TOUCH TUNING
KEYBOARD

VOL. INCR. |

6,5,432]
STATIONS STATIONS

STATION

CONTACTS
VOLUME
CONTROL

MOTOR

STATION
SELECTQR
MOTOR

FIG. 5—Schematic wiring diagram of a General Electric push button remote
control system.
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The station selector consists-of the usual electric motor
mechanism with a split stator winding. On account of the split
stator winding arrangement, the device is homing, i.e., goes
directly to the selected station.

The capacity of the remote tuning system makes thirteen
stations available at the remote control box. The arrangement is
such that when the button is depressed for any one of the thir-
teen stations, the power is automatically turned on to the set.

The remote control keys are non-latching in order to avoid
any interference with the buttons on the receiver. At present
only six of the stations have been extended for the remote con-
trol, which is attached to the set by means of a plug on the rear
of the set.

To avoid the possibility of keeping the tuning motor running,
by pressing two buttons simultaneously, single pole-double
throw switches are utilized at both the receiver as well as at the
remote control station.

The power to the volume control motor is supplied from the
same transformer which supplies the tuning motor.

It is possible to change the volume of the receiver only after
the station button at the remote control station has been re-
leased on account of the interlocking feature.

Finally a scan switch for rapid manual tuning from one of the
bands to another is provided on the receiver. This switch is of
the double throw type, normally open, which permits directive
operation of the motor.

Again, instead of the usual push-button system a similar
effect may be obtained by a mechanism similar to that of the-
well-known automatic telephone, and as a matter of fact it is
perfectly possible to utilize standard telephone parts in the

. design of such a tuning control system.
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Another remote control system in which the previously dis-
cussed control cable is being eliminated, and in which the tuning
is accomplished by means of tuning pulses oscillations emanat-
ing from a dial, is described on page 346.

How the System Works.—Electrically these various systems
divide themselves into two main classes, namely:

1. Those in which a large number of pre-set switch selected
condensers are used.

2. Those in which an ordinary variable condenser is provided
for tuning but can be remotely controlled by means of an elec-
tric motor.

Considering the former the basis for a tuned circuit is given
in fig. 6.

Y mﬁuﬁ
e I

CONDENSERS |

-4

FIG. 6—Schematic diagram showing general principles of simple tuning cir-
cuits. In this system a separate pre-set condenser is provided for each station
and selected by a switch, as shewn.
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It may be observed that instead of a variable condenser for
tuning the coil L, a number of pre-set condensers are provided
and the one desired can be selected by means of the switch
shown. c

It is obvious that each tuned circuit in the receiver must be

- provided with a similar bank of condensers and switches. With

the system under discussion, the switch is set to the first
position, and one station is tuned in on the opposite condensers;
the switch is then set to the next position and another station
is tuned in and so on.

For every station required, it is necessary to provide an extra
condenser and switch contact for each tuned circuit.

This particular system has been commonly employed in the
past in simple types of receivers. The system has a great merit
especially where only two or three stations are required on ac-
count of its simplicity.

It is obvious, however, that if a dozen or more stations are
required, it begins to be complicated by virtue of the large
number of condensers required. There is also a further draw-
back when it is applied to a selective receiver such asa super-
heterodyne, and this drawback is that it may not prove stable
enough for satisfactory operation.

Where the circuits are flatly tuned as in the case of the local
station receiver, small changes in tuning capacities and the input
capacities of tubes have very little effect upon the performance
of the receiver, but where the set is selective, then these changes
do command quite a large effect.

In a super-heterodyne the oscillator is the critical circuit, and
it is common experience with ordinary receivers that the tuning
drift somewhat, for perhaps a quarter of an hour or so after
switcking on.
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Where systems of this kind are used, therefore, great care
must be taken to maintain stability, and the oscillator circuit
must itself be designed to this end.

In addition, the layout of components must be carefully
chosen so that their temperature remains as nearly as possible
constant and the condensers themselves often have to be of
special types, with unusually high stability of capacity.

Motor Tuning.—In this type of remote control tuning sys-
tems, the use of a standard type receiver with a gang condenser
is utilized.

For the purpose of control the tuning condensers are driven
through a chain of gears from a small electric motor of the

‘ SWITCH =
(Ss)

MOTOR
WINOINGS

v
S
M}*&; B Bmsu
BUTTONS,

METAL INSULATED
DISCS SEGMENTS
/
ai‘;- c

D CONOENSER
SHAFT

PIG. 7—Diagram illustrating a typical push button control system. The tuning
condenser is driven by an electric motor which is controlled by press buttons.
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reversible type. This motor usually operates from a 24 volt
supply and the method of operation may readily be understood
with reference to fig. 7 but there will be one disc for every
station required and at the remote control there will be one push
button for every disc.

It will be noted that of the two push buttons shown, A will
be out while B is pushed in, so that the contacts of S, are closed.
The circuit is then completed through the ring D, and the motor
revolves turning the variable condenser and also the disc D. °

When the insulated segment comes opposite the contact the
circuit is broken and the motor stops. The receiver is then tuned
to the desired station, for the initial set-up, the discs have been
so aligned on the condenser shaft that the insulated segments in
every case correspond to the condenser position for the wanted
station.

This is a comparatively easy matter and it could for example
be imagined that each disc is being held on by its own set screw
to the shaft.

To set up any one disc for a particular station, one would tune
in that station manually in the usual manner and then twist the
disc so that the insulated segment comes opposite the contact
and then tighten up the set screw.

It will be seen that upon pressing a button the condenser may
start moving away from the desired station instead of towards
it. When this happens the condenser goes on moving to mini-
mum or maximum as the case may be, and then trips the auto-
matic reversing switch S; and comes back to the desired station.

With some of the latest systems this reversing switch is un-
necessary, for means are included to insure that the motor al-
ways start off with the correct direction of rotation.

It is elear, however, that a system of the kind under dis-
cussion would by itself hardly be satisfactory since it would not
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be possible to guarantee sufficiently accurate tuning for a
selective receiver. It is, therefore, that this system is almost
invariably associated with an A.F.C. system which most usu-
ally takes the form as shown on page 334. Such A.F.C. circuits
properly arranged, will give very good control and take out quite
large changes in tuning of the medium and long-wave bands, but
in general they are not directly applicable to short-wave recep-
tion although naturally they can be employed in a double
super-heterodyne.

The disadvantage of A.F.C. is that it increases the cost of the
receiver, because it increases the number of tubes, and the
initial adjustments of the circuit involved is fairly critical. It is
therefore generally only found in the more expensive types of
receivers. In the less expensive sets it is less often included and a
good performance is then secured by paying great. attention to
stability.

Mechanical Accessories.—It is not within the scope of this
discussion to go deeply into mechanics of the actual control
circuits because they vary so -widely and generally do not effect
the principles of operation.

The use of systems which may be known variably as push-
button or dial tuning is not confined to remote control, and in
some cases these controls are mounted instead of on the ordinary
tuning dial, on the receiver itself.

They are then often very much simpler and one arrange-
ment consists merely of mounting a telephone type of disc with
the usual finger holes on the shaft of the gang condenser.

Again in another system the condenser shaft carries a number
of heart-shaped discs, one for each station. One operating key is
provided for each disc, and its pressure moves the cams around
in the manner shown in fig. 8.

l
i
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Still another system has a series of control bars mounted on
the condenser shaft. One such bar with its actuating lever is
shown in fig. 9.

The lever presses against the rounded portion of the bar and
80 rotates the condenser shaft, until it reaches the flat part.

HEART:. CAM
\1
CONDENSER , - PANEL
SHAFT j
OPERATING 1
\ \";- LEVER
S PRESS
D~ .
= "'ﬁ“surron
,@ -
r 4 o

FULCRUM

FIG. 8—Principles of control in which the tuning condenser is rotated by the
pressure of a lever against a heart cam.

FIG. 9—Method of condenser control by lever system. When pressing the
lever it contacts the rounded portion of control bar and so turns the con~
denser until the flat position is parallel with the lever.
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WIRELESS CONTROL SYSTEM

Wireless Remote Control Device.—By utilizing a device
recently developed by the Philco Radio & Television Corp., it
is possible to operate a radio receiver by means of remote
control.

The control box popularly known as the “Mystery Control”’
is portable, and the desired station may be dialed in a manner
similar to that of a dial-type telephone, except that no con-
nected wires are necessary.

With reference to fig. 11, showing the control box, the tube
and coils form an oscillator which can be preset to 355, 367,
375, 383, or 395 kilocycles.

The dial mechanism is technically called the ‘Pulser unit”
since it keys or pulses the output of the oscillator.

Since the control box is battery operated, the device is
easily turned on while selecting a station or changing the
volume. This means that the battery drain is practically nil.

When the dial is operated, the filament circuit to the tube is
closed by means of the lower switch arm and the continuous
contact bar.

According to Radio Today, the device works principally as
follows:

The Pulses Tune Radio.—The pulses are caused by making
and breaking the plate battery circuit. As the dial mechanism
turns, the plate circuit is opened and closed as the switch-arm
touches the equally spaced contacts. Each station has a certain
definite number of contacts that must be made. Corresponding
to the station to be dialed, from 4 to 11 pulses are transmitted
by the device. Two pulses increase the volume of the set, while
3 pulses decrease the volume. During the volume changes, a
thumb-lever is held down which causes a continuous signal to
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be emitted. This lever is released when the volume reaches the
proper value.

The signal from the control box is transmitted to a loop or
secondary coil in the radio set by induction. The remote control

FIGS. 10 and 11—Fig. 10 shows circuit diagram of the portable control box.
Impulses sent out from the box are picked up by the five tube unit (fig. 12)
and amplified to the proper degree to actuate the tuning mechanism shown

in fig. 13. All control boxes are adjusted to use one of the five frequencies
specified above.

box fig. 11 has a tuned coil (oscillator coil) which acts as a pri-
mary to induce a signal in the secondary. The coil in the control
box can be likened to the primary of an induction coil. When a
current flows in the primary, a current is induced in the second-
ary. The dimensions of both coils are made as large as possible
so as to effect a maximum transfer of energy.
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FIG. 12—Five tube stepper unit inter-connected with the high frequency part of the
receiver shown in fig. 13, As previously described the receivers are equipped for
five different control frequencies with range from 350 to 400 k.c. The purpose of
the different control frequencies is to prevent interaction between two similarly
equipped receivers which may be located on the same floor or are exceptionally
close together. When several such receivers are to be located close together it will
be necessary to utilize different control frequencies to avoid interaction between the
receivers. In order to prevent interaction between receivers, there should be a
difference of 20 k.c. between their control frequencies. If three receivers are to be
operated at the same time and are closely situated, it will be advisable to adjust the

control frequency of the first to 355 k.c., the second set to 375 k.c. and the third
to 395 k.c., etc.
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FIG. 13—Circuit diagram of high frequency part of broadcast receiver which is manipulated from a remote
point by the control box. The stepper unit, fig. 12, energized by the thyratron tube switches to the desired
station. Volume is also controlled remotely by means of a small motor attached to the volume control.
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The Pulse Amplifier.—Because the pulses sent out from the
primary (remote box) unit are rather feeble at the radio set,
it is necessary to tune the remote oscillator to the frequency of
the secondary coil and amplifier. As the range of the remote
control device may be 75 feet under normal conditions, a vari-
able frequency in both the oscillator and amplifier is provided
so that no interference will be produced on neighboring mystery.
control sets. A choice of 5 frequencies from 355 to 395 &.c. is
provided to eliminate the possibility of two or more sets interfer-
ing with one another.

The signals picked up by the loop are coupled to a tuned grid
coil by a low-impedance link circuit. From the grid coil, the
signals go through two stages of amplification to the grid of a
2A4G thyratron tube. The output from the thyratron tube is
fed into the relays which in turn control the stepper unit and sta-
tion selecting switch.

The Sensitivity Control.—In the control (pulse) amplifier cir-
cuit there is a sensitivity control which is employed for the pur-
pose of adapting the set to the particular location where it is
used. This control is in the cathode of the type 78 first amplifier
tube.

The setting of this sensitivity control is of tremendous im-
portance to the mystery control operation. The normal range of
mystery control is within a circle of the receiver with a radius
of about 25 feet. It is important to remember that mystery
control operates in a circle around the receiver cabinet. To
get the most from mystery control it is therefore advisable to
place the cabinet as close to the center of the ‘“‘operating circle”
as possible.

If the receiver be located against the front wall of a home
only half of the effective operating area is within the house.
The remainder is outside the walls. There is a distinct advantage
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in operating the control amplifier sensitivity control at the
lowest possible setting.

Extra sensitivity in the control frequency amplifier is
provided so as to permit operation in the presence of inductive
shields such as steel girders, metal lath construction and large
bodies of metal, furnaces, boilers, stoves, refrigerators, chande-
liers, or any similar metallic objects.

The sensitivity of the control frequency amplifier is variable
to fit a large range of operating conditions. Normally, suffi-
cient precautions are taken in the amplifier and remote control
circuits to greatly reduce the possibility of electrical interfer-
ence. The control amplifiers are very much less subject to
interference than an ordinary radio receiving system. It re-
quires an extreme and unusual type of interference to interfere
with the operation of mystery control. There is no possibility
of interference affecting mystery control receivers if the sensi-
tivity control is kept down to the first half of its total move-
ment. This illustrates the importance of setting the sensitivity
control to the minimum positioa possible.

In some installations, however, owing to the presence of
large metal objects around or near the receiver chasses of the
mystery control cabinet, it will be necessary to increase the
sensitivity of the control frequency amplifiers owing to the
absorption of the metal surfaces.

When this occurs, it will very likely be found that the same
metal objects are shielding the receiver from excess static which
would normally interfere with the mystery control circuits in a
high setting of the sensitivity control. Therefore, when it is
necessary to increase the setting of the sensitivity control in
order to get operation of mystery control, it will likely be found
that interference is not present and that a higher setting of the
control is pnssible.
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In all installations be careful to set the sensitivity control at
the lowest possible position and to locate the receiver away from
metal objects which would absorb the induction field of mystery
control.

The 62Y5G and 6J5G tubes act as a noise gate to exclude
unwanted interference which might control the stepper as-
sembly. This noise gate makes the amplifier respond only to
pulses having a time interval equal to that of the pulser mecha-
nism. Thus pulses of random timing do not operate the set.

The operation of the thyratron tube is entirely different from
any tube so far encountered by the radio serviceman. It is a
gas-filled tube which can handle large plate currents—in other
words, large amounts of power. Betore getting into the opera-
tion of the stepper relay unit for station selection, the 7.f. cir-
cuits of the receiver should be examined. The wave-switch
selects any one of three wave-bands or automatic tuning
{mystery control operation).

The Tuning Circuits.—To illustrate the automatic operation,
the wave switch has been drawn in that position. The wave
switch sections disconnect the 7.f. amplifier from the circuit
and transfer the antenna coil to the grid of the converter tube.
Also, the antenna coil is connected to the station selector
switch which selects the proper trimmer condenser for any one
station. The gange condenser is cut out of the circuit for remote
operation. .

The oscillator coil system is completely cut out of the circuit
and trimmer type inductances with iron-core tuning are con-
nected by the station selector switch. -

A third rotary switch turns on the proper station indicator
lamp. The assembly for the station selecting circuits is located
beneath the chassis and is driven by the stepper assembly.
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There are three groups of contacts operated by the switch.
One group switches in the oscillator coils, the second group
switches in the antenna padding condensers and the third
group of switches, lights the pilot lamps indicating the station
dialed.

Excessive friction in this switch would cause improper action
of the stepper assembly. It should be adjusted so that when the
relays have selected the station dialed, the contact arm is
squarely on the-contact. The tension of the contact arm is regu-
lated by the setting of the hub on the switch shaft. The long
wiper contacts exert a firm pressure on the contacts which may
be increased or decreased by adjusting the location of the hub.

The position of the contact arm is determined by the set
screws which hold the driver arm on its shaft. This is located
above the chassis but beneath the stepper assembly. If the con-
tact arms do not come to rest on the contacts it may be neces-
sary to loosen the set screws on the switch shaft and re-locate
the position of the driver arm so that the contacts are made
correctly.

Excessive tension in the switch would act as a load on the
relays and might result in chattering on one of the stations,
part way up, and then failing to reach the station dialed.

The Stepper Assembly.—The stepper assembly which oper-
ates the station selecting switch is operated by the thyratron
tube referred to previously. The coils which operates this
assembly as shown as the plate load of the thyratron in fig. 12.

When the thyratron tube lights, the holding relay closes and
the stepping relay pushes a ratchet as many times as there are
pulses sent out by the pulser in the mystery control box. There
is a primary and a secondary ratchet. The stepper relay oper-
ates the primary ratchet which is connected to the primary
switch. This switch controls the volume control motor and
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_shorts the voice coil to ground in the station selecting positions.

'_A muting switch, which connects the plates of the output
tubes together, is closed during the station selecting operation.
The set, of course, is playing during changes in volume but it
1s muted as the secondary ratchet returns to its home position,
and climbs to the station dialed.

This means that whenever any of the eight stations are dialed
the ‘set is muted as the secondary ratchet switch turns the
“statxon tuning” switch contacts.

Failure of the primary switch to return home or the secondary
ratchet arm to return home, failure of the receiver to mute dur-
ing dialing would indicate trouble in the stepper assembly, and
would make it necessary to return it to the manufacturer for
replacement Dlahng of an incorrect station, the skipping of
stations or the gallopmg past of stations also indicates trouble
in the stepper assembly.

. The Volume Control Assembly.—The volume control and
the on-off switch are motor driven. The motor has an automatic
clutch which releases and drops back as soon as the volume con-
trol is released by the stepper primary switch. This prevents
“over-shooting”’ when changing volume and immediately stops
the gear train which drives the volume control when the vol-
ume control lever is released on the mystery control box. There
is also a clutch in the volume control itself, so that the mechan-

ism will not jam if the volume control lever is held down after
the get is shut off.

_ The primary switch is a single pole, double throw switch
which connects the desired winding in the volume control motor
to increase or decrease volume, ‘as shown in fig. 13. In parallel
with this switch there is a single pole, double throw switch con-
nected to the manual volume control. This switch is mounted
directly beneath the receiver dial bezel.
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The pilot lamp cable is close to this switch. If any of the pilot
lamp wires become tangled with the switch they might cause the
motor to continue running and might possibly cut through the
insulation of the pilot lamp lead, causing the lamp to stay lit.
It is important when the chassis has been removed, to check
the location of the pilot lamp wiring cable to make certain that
it is entirely clear of the volume control motor switch.

Method of Inter-station Noise Elimination in Automatic
Control Systems.—In modern super-heterodyne receivers the
potential amplification is very high, hence the tuning problem
would be very difficult if an automatic volume control were not
included in the receiver.

It is however a well known fact that all a.v.c. systems are
designed to regulate the gain of the receiver only while a signal
is being received; therefore between stations the sensitivity
rises to a maximum,

This means, of course, a great increase in the background
noise between stations and unless there be a noise suppression
auxiliary provided in the receiver to limit this audible noise it
often becomes objectionable, especially in locations where there
is a large amount of man-made static.

Several schemes have been advanced to solve the interstation
noise problem in the a.r.c. equipped receiver. Perhaps the
simplest one is to provide an adjustable bias on the 7.f. tube
(in addition to the a.v.c.) so that the receiver’s maximum sensi-
tivity may be manually decreased below the noise level. This
undoubtedly settles the noise problem, but it may, through
excessive adjustment, reduce the receiver’s sensitivity to such
an extent that weak stations, which might otherwise be received
fairly well, will be skipped by unnoticed. Then, too, if this
manual sensitivity control has to be continually retarded and

e
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advanced in an effort to locate weak stations, it loses much of
its effectiveness as far as noise is concerned.

Another idea for checking inter-station noise and one which
has found greater favor among set designers and experimenters
than that outlined previously, is the utilization of a vacuum
tube as a carrier controlled relay to block the audio amplifier
when no signal is being received. This system is very efficient as
a noise suppressor.

It is fully automatic in action once the circuit has been prop-
erly adjusted. However, while some radio men have successfully
installed it in existing receivers, it is generally most effective
when included in the original design of the set since it is quite
critical in its voltage requirements.

In analyzing the nature of this between-station noise, it has
been found that most of it occurs in the high audio frequency
spectrum; thus, if the high frequency response of the receiver is
checked by a tone control, the intensity of the noise will be
greatly reduced. However, the degree of high note suppression
needed to limit inter-station noise is much greater than can be
tolerated where good fidelity of tone is desired from a local
station.

For this reason on the usual radio which is equipped with a
manual tone control, it is necessary to adjust the control fre-
quently to meet existing conditions. By adding a tube to the
diode detector circuit as shown in fig. 14 this tone control
action may be effected automatically in the ag.r.c. equipped
receiver. It is an idea that has been successfully used for noise
suppression purposes in several of the larger super-heterodynes,
and due to its simplicity it can be easily adapted to any receiver
using a.v.c. A worthy feature of the system is that it will de-
crease noise without reducing the overall sensitivity.

This automatic tone control must operate in conjunction-
with a diode type detector. The left half of the accompanying
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diagram shows the fundamental diode second detector and
a.v.c. rectifier circuit found in the majority of modern super-
heterodynes. Although the tube shown is a 6H6, it may also be
the diode portion of a diode-triode or diode-pentode tube; and in
some older model receivers, it may even be a triode connected
as a diode.

If the associated parts of the detector circuit consisting of
resistors R;, R; and R;and condensers C, be arranged as shown,
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FIG. 14—Automatic tone control circuit.

they need not be disturbed when adding the tone control tube
to the receiver. However, if R; is a volume control potentio-
meter, it must be removed and used instead in the grid circuit
of the first audio tube to control the input to the grid of this
tube. The original fixed resistor in the audio grid circuit may
then be shifted to the R; position if it be .25 to .5 megohms
in value.

In some sets, R, may be replaced by an r.f. choke or it may
be omitted altogether without affecting the performance of the
circuit. The experimenter may also find that some receivers
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divide the functions of a.r.c. and detection, using separate
dickle sections or tubes for each purpose. In this case, connect
the tone control tube to the detector diode circuit and dis-
. regard the separate a.v.c. system.

‘The circuit that is to be added to the receiver is shown in the
right half of the diagram. The tube may be any sharp cut-off
type, either tetrode or pentode, such as the 24, 36, 57, 77, 6C6
or 6J7. Experiment has shown that all of these types work
equally well. The choice, therefore, will depend mainly upon
the filament voltage available. The tone control tube and
associated parts should be mounted as close to the diode
detector as possible. Resistor R, is non-critical in value, a good
compromise being 2,500 ohms. R; should not exceed 100,000
ohms regardless of the plate supply voltage.

The audio coupling condenser Cs is probably already in the
receiver and need not be changed. The rating of condenser C
will have to be determined by experiment and values from
0001 to .001 (mica dielectric) should be tried. The final choice
will depend upon the maximum degree of high note suppression
that can be tolerated when the set is tuned to an extremely
weak station. If distortion be encountered on some of the me-
dium powered stations, the screen voltage should be slightly
lowered.
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CHAPTER 17

Loud Speakers

The function of a loud speaker is to convert the amplified
audio frequency currents into sound waves. In order to accom-
plish this the loud speaker must be designed in such a way that
it will cause the varying electric currents to set in vibration a
diaphragm similar to that used in a telephone receiver, only
larger.

The vibration of the diaphragm in turn sets the surrounding
air molecules into motion. The vibration of this comparatively
large volume of air produces the sound, which the ear receives
and the brain sometimes appreciates.

The efficiency of a loud speaker is defined as the ratio of the
useful acoustical power radiated, to the electrified power sup-
plied to the load and is very low even in the most carefully
designed. '

The most efficient type in common use in sound picture work
has an efficiency of only about 309,.

Speaicer Parts.—Generally loud speakers consist of two main
parts:

1. That part of a loud speaker which changes the varying
currents of the audio frequency amplifier into mechanical vibra-
tions, which is called variously tke driving unit or motor.
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2. The other part is that which acts in conjunction with the
driving unit to produce the vibration of the air molecules, and
consists of a surface of various geometrical designs such as a
conical or flat shaped horns.

The horn has been known and widely used for centuries for
increasing the radiation from a sound source. Although it is not
within the province of this chapter to enter into a discussion of

UNIT I

CONICAL
FIGS. 1 and 2—Conical and exponential horn forms.

EXPONENTIAL

horn design, it may be well to mention that the horns most
commonly used for sound reproduction are the conical and the
exponential types.

Figs. 1 and 2 show the two forms of horns most commonly in
use.

The conical horn may be defined as one in which the cross-
sectional area of the horn varies in direct proportion to its
length, whereas in the exponential form the area of the horn
varies as an exponent of its length.
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Classification of Speakers.—Ioud speakers may be divided
into the following general classes, depending upon the principle
involved in operation of the driving unit, namely:

1. Magnetic

2. Dynamic, variously called electro-dynamic

3. Balanced armature

4. Induction

5. Metal strip

6. Electro-static, variously called condenser speaker
7. Piezo-electric, variously called crystal speaker.
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FIG. 3—Principal elements of 8 magnetic type loud speaker.

Magnetic Spéakers.—In this type the moving iron driving
type is employed. The principle of operation is based on the
varying of the magnetic polarity of the armature. These vari-
ations are caused by the electrical impulses flowing through the
coil winding which encircles the armature.
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The movement to the armature is effected by the induced
magnetism, causing it to oscillate between the two poles of
the permanent magnet.

Dynamic Speakers.—A speaker of this type illustrated in
figs. 4 and 5 consists principally of the following parts: 1, field
coil; 2, voice coil; 3, cone.

VOICE COIL FIELD PLUG

‘- TERMINAL
/ FIELD COIL °
ELT WASHERS
CORRUGATED CONE:
iL HOUSING
LEATHER WASHER
VOICE COIL ' =

! LOCK NUT
OUTSIDE PELE

!

l 1

ENTER POLE

CARDBOARD WASHERS

CONE SUPPORT

FIG. 4—Cross-section view of a dynamic type loud speaker with a moving coil
driving a cone type diaphragm. Details of the various units are here clearly
represented.

The field coil is connected to a d.c. source, effecting a strong
magnetic field across an air gap in which the voice coil isinserted.
The signal current from the output terminal of the receiver,
flowing through the voice or moving coil placed around the
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middle pole of a three pole magnet, causes the voice coil t()
oscillate corresponding to the oscillations of the signal current.

The diaphragm being mechanically connected with the voien
coil oscillates in a similar manner.
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FIG. 5—Simplified diagram of dynamic speaker units shown in fig. 4,

Balanced Armature Speaker.—In this type of speaker the
armature (as the name implies) is balanced between the two
poles of a permanent magnet as shown in fig. 8. The armature
is provided with a coil through which the signal current flows
as indicated, so that the reaction between the magnetic field
due to this current and that due to the permanent magnet

Causes the armature to oscillate about its pivot.
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These movements are communicated to the diaphragm by
means of the link connection in a similar manner as in the
dynamic speaker previously described.

VOICE
coIL
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g " FIELD
SPEAKEB/’ ’

PLUG

FIG. 6—When the dynamic speakers as in some commercial sets are
connected by means of plug and cable to the chassis, the connections may
be as shown in fig. 6 or 7; generally however, there is no set rule for these
connections. The output transformer may be mounted on the receiver chassis
or on the speaker frame. Again, the output tubes may be connected in
parallel or in push-pull. Therefore, the connections shown are typical only
and may not be considered as standard, but in each case the makers dia-
gram should be carefully checked and followed.

The principal features in this construction is a complete
elimination of chattering on loud signals, usually encountered
in the magnetic type. However, one of its limitations is that for
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a good sensitivity the air gap between the armature and the
pole pieces must of necessity be made very small to reduce the
reluctance and so as to obtain a strong magnetic field. This is ob-
jectional since when receiving low notes the movement of the
armature may be so great as to strike the pole pieces, emitting
a rattling sound.

S oureur

m TRANSFORMER

SPEAKER
FIELD
(Tapped)
SPEAKER
PLUG

FIG. 7.—Schematic diagram of connections to speaker by means of plug-cable
arrangement.

When the air gap is made larger, eliminating this rattling, the
field strength decreases with a proportional loss in sensitivity.

Induction Type Speakers.—The name induction speaker is
derived from the fact that the motion of the driving unit is ob-
tained from a magnetic induction similar to that of the well
known A.C. induction motor, where a rotor revolves under the
influence of a changing magnetic field.
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FIG. 8—Balanced armature type speaker. In construction the balanced piv«
oted armature is a soft iron bar forming a core of a coil of several thousand
turns of fine wire supplied with audio frequency current. In operation
when a signal carrent 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 shown, the top end of
the armature would move to the left and the boitom 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.




T

Loud Speékéts 367

‘ L o . > erald

As shown in fig. 9, the diaphragm is placed between two sets
of concentric coils. Direct current is applied to the two sets of
coils in opposite directions, causing a radial field. '
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FIG. 9—View showing various units and connections for an induction type
loud speaker. . . .

The signal current is also passed through the coils which
causes the steady field due to the direct current to vary and
which in turn induces eddy currents in the diaphragm.

Since the eddy currents give polarity to the faces of the dia-
phragm these poles react with the poles of the coils, thus causing
vibration of the diaphragm and resulting sound waves.

The utilization of strong permanent magnets makes for a low-
priced and simple unit, and since there is very little possibility
of objectionable hum being introduced when used in connection

with battery operated receivers, it is particularly adaptable for
automobhile radio use.
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Metal Strip Types.—In this type a metal strip is suspended
between the poles of a permanent or electro-magnet. The signal
current passes through this strip (see fig. 10) establishing a mag-
netic field around it which reacts with the field, due to the per-
manent magnet, which acts to displace the metal strip in ac-
cordance with the variations in the signal currents.

TO SIGNAL
CIRCUIT

Tik

<§\(\\\\ N T
MAGNET \ -
§ \DIAPH RAGM

\.
k\\§\ \\\\\\\ \\\\ \\\\S

FIG. 10—Principal element of metal strip speaker. A megaphone is usually
associated with this type of speaker.

The metal strip is in this case the diaphragm and obviously
need not be of magnetic metal.

Electro-Static Types.—This type variously called a condenser
speaker consists essentially of three parts, namely: two plates
of which one is stationary and the other free to vibrate, in ad-
dition to the dielectric, assembled as shown in figs. 11 and 12.
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It operates on the well known principle of electrostatic attrac-
tion and repulsion, in that two bodies of similar charges of elec-
tricity repel each other, whereas two opposite charges attract
each other.

DIELECTRIC
(Soft Rubber)

DIAPHRAGM
METAL ““{Light Movable Piats) sl

PLATE
POLARIZING =
BATTERY
B+

FIG. 11—Electrostatic speaker showing circuit connections. In construction,
the metal plate is made rigid. The diaphragm consists of a thin layer of metal
sprayed on the rubber dielectric.

SO

When a polarizing voltage is applied to the plates a steady
electric field is built up; superimposed upon this is the audio-
frequency alternating electrostatic field. This, according to the
foregoing, causes an attraction and repulsion between the two
plates, producing in the free plate oscillations corresponding to
the audio-frequency impulses.

The back or stationary plate in the commercial types of con-
denser speakers consist usually of stiff metal such as copper,
iron or aluminum. The back plate is usually perforated with
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slots in order to prevent compression of air between the two
plates.

To obtain a large force on the movable plate the dielectric
must be very thin and flexible and must have the largest possible
dielectric constant, in addition to a high break-down voltage.

" DIELECTRIC,
(SOFT RUBBER)

FIG. 12—Elements of an electrostatic speaker. It consists essentially of a form
of condenser, hence the name as it is often called a condenser speaker.

Piezo-Electric Speakers.—This type of speaker (often re-
ferred to as crystal speaker) depends for its operation on the
property of a trystal of expanding and contracting in accordance
with the electrical strain to which it is subjected (for full in-
formation on this subject, see page 211).

The crystal speakers are often used in connection with high-
frequency reproduction, its use up to the present, however, has
been limited to small units. As a speaker of this type is inher-
ently a rectifier, it is obvious that there is no need for any
separate output transformer or frequency filtering network.
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FIGS. 13 and 14—Showing two circuit arrangements for connections of a con-
denser type speaker to the power amplifier stage of the receiver.

Loudspeaker Baffle.—In a loudspeaker such as that shown
in fig. 4 the material constituting the cone is driven forward
and backward in the manner of a piston by the action of the
impressed audio frequency signal. This constant movement dis-
places a certain amount of air, and it is this displaced air
which generates sound that is perceived by the ear.
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The air pushed back in the forward motion must g0 some-
where, and as a partial vacuum is created in the back as the cone
moves forward, the displaced air in the front encounters very
little resistance and hence flows rapidly to fill the vacuum
created by the forward thrust of the cone.

[
!
BAFFLE BOARD B. BAFFLE BOARD |

—«—————SPEAKER CONE

(a) (b)

FIG. 15—Various speaker baffles; a, and b, indicates bex and flat bafile types
respectively. Dotted lines indicate length of baffle board ir each type.

If these air movements were allowed to neutralize each other
completely, there would be no air movements and hence no
sound waves would be created. The method used to delay these
rapid movements is to increase the path of air travel by means
of a baffle board surrounding the cone as shown in fig. 15.

The amplitude of air movement in a speaker however, is
relatively low and therefore theoretically at least sound waves
are produced only in the air very close to the moving cone.
This is true for low, but not for high frequencies.
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Thus in practice an unbaffled speaker will reproduce high
tones, but will lack almost entirely all low tones due to the
neutralization already described.

Baffle Purpose.—The purpose of the baffle is to delay the
meeting of the air creating the sound waves, by an artificial
lengthening of the path of its travel.

The baffle, can be anything that will lengthen the airpath
from cone center back, to cone center rear.

In practical speakers the baffle is made up of some acoustic-
ally suitable material, such as soft wood, thick felt, Celotex, etc.

Calculation of Baffle Length.—By recalling that the speed
of sound is 1130 feet per second in air, it is possible to calculate
the minimum baffle length for a certain frequency.

If B. denotes the baffle length in feet, and f the frequency
of the sound wave, then

1130 _ 282.5
YX—F 777 00000008009900000000000008000 (6 )]
or expressed in a non-mathematical form, the baffle length in
- feet is equal to one quarter the wave-length of the note to be
reproduced. 5

Example.— Assuming 40 cycles as the lowest ione to be repro-
duced by a speaker, what is the minimum baffie length required :

Solution.—Substituting the numerical values in equatton (1)
we obtain: 0895

B, = 0 °F 7 feet (approximately)

In a similar manner the following baffle lengths for low fre-
quency cut-offs below which a loud speaker will not reproduce
is as follows:
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Lowest frequency Baffle length from

lo be reproduced. cone center in feet.
: 100 2.825
60 4.708
40 7.006
30 9.417 I

20 14.125 [

As the tones corresponding to the lowest frequency of various
instruments are approximately 20 cycles per second, it follows
that for their reproduction baffles of considerable length must
be created. ‘

Example.—A loud speaker whose inductance is 1.15 henries is
coupled lo a power tube through a condenser of 2 micro-farads
capacity. To what frequenty will the combination be resonant?

Solution.—In this example it is only necessary to find the
resonant frequency of a series tuning circuit. When in such a
circuit the inductance L, and capacity C, are both expressed in
the fundamental units of henries and farads, then the resonant
frequency in cycles per second is given by the expression

1

Y T aVI X G

In the present example however, the condenser is of 2 micro-
farads capacity, hence it is necessary to convert this unit into
the terms of farads before substitution into the above formula.

Inserting values, it is found—
1 1,000

bi 106 cycles per second.

T 2my/TI5X2X10" 2T/23
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CHAPTER 18

Antenna Systems

General Terms.—The term ‘““Aerial’’ generally is applied to
that portion of the antenna which is elevated or the flat top
portion and the term “lead in” applies to the connection be-
tween the aerial and the receiver. The antenna constitutes the
combination of the aerial and the lead in.

By definition an aerial is a conductor or a system of con-
ductors suspended in the air and insulated at the ends for
receiving or transmitting radio waves.

Aerials may be classified: 1. According to the number of wires
as single or multi-wires, and 2, according to their geometrical
design or shape as:

a. Inverted L type. f. Loop (Solenoid spiral,
b. Tee (T) pancake).
¢. Cage. g. Doublet.
d. Fan. h. V-doublet.
e. Umbrella. . Spider-web.
’ etc.

Broadcast Band Receiving Antennas.—The simplest type of
aerial for general broadcast reception especially in rural districts
where man-made static is negligible, is the inverted L type
shown in figs. 1 and 2.
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Ordinarily the antenna will be erected either on the roof of a
building or suspended between that roof and a pole, as shown in
fig. 2, which consists of a single wire inverted L antenna sus-
pended from the house proper to the garage roof, by means of a
pole. The purpose of the pole being to elevate the aerial wire.

| o]l
< 30 T0 €0 FT. ]

A ANTENNA 14 B& § j
~STRANDED COPPER INSULATOR

GUY
WIRE WIRE OR LARGER
MOUNTING POLE >
GROUND CLAMP ANTENNA
COUPLING
UNIT
GROUND STAKE

FIG. 1—Outside inverted L-type antenna, with connected lead-in wire.

When erecting an antenna it is of the utmost importance that
the horizontal part be removed as far as possible from such ob-
jects as trees, walls, chimneys, gutters, telephone and power
wires, both to avoid induction from them which may make ob-
jectionable noises in the receiving telephone as well as the
receiver, and to avoid njury.

There has occurred many serious accidents due to ignorance
and carelessness in erecting radio antennas too close to high
voltage power lines.
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How an Antenna Works.—Before a discussion of the relative
merits of each type of aerial, it is necessary to have a clear con-
ception of how the various aerials receive the radio frequency
currents emitted from the broadcasting stations.

Inorder that an aerial may receive maximum energy from the
space in which it is suspended, it is necessary that the aerial be
tuned to the broadcasting station, i.e. be resonant at the same
frequency.

FIG. 2—Typical single-wire antenna installation. (Courtesy R.C.A. Mfg. Co.)

Theory of Tuning.—In an aerial circuit the high frequency
potential developed by the incoming waves from the transmit-
ting station causes an a.c. current to flow in the aerial.

The frequency of such a current is the same as that in the
transmitting aerial. The magnitude of the current (/,) through
the aerial depends upon the value of the induced voltage (E.)
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and the effective aerial impedance (Z,), the relations of which
according to Ohm’s law may be written 7, = g"— ampere.

By varying the impedance (Z,) of the aerial circuit until it
becomes in resonance with the frequency of the induced voltage
a comparatively large current may be obtained.

Y

A
La
— Ca
La
i L
€))

FIG. 3—(a) indicates variometer tuned aerial circuit; (b) indicates equivalent
closed aerial circuit.

When the circuit is in resonance the inductive and capacitive
reactance will be equal and the impedance of the aerial becomesn
equal to the effective resistance (R).

Natural Frequency and Wave-length of Aerials.—The wave-~
fength to which an aerial may be tuned is called its natural
wave-length or frequency. The frequency corresponding to the
natural frequency (f) of an aerial may be derived by remember-




Antenna Systems 379

ing that the conditions for resonance is that the inductive re-

1
actance (27fLa) must equal the capacitive reactance 2%fCa °F
1
21:fLa=m from which

N S
f = a/LaxCa cycles per second..... ¢))

In the above equation Lg and Ca are given in henries and
farads respectively.

In a similar manner if (La) represent the inductance and
(Ca) the capacity in micro-henries and microfarads respec-
tively, then the natural wave-length

A=1,885VLaxXCameters.............(2)

It is obvious that both the inductance and the capacity de-
pends upon the length and shape of the aerial.

For the inverted “L’ type shown on page 377 each of those
quantities are more or less proportional to the total length of
the aerial wire as measured from the remote end to the ground
connection.

That this is true must be self-evident as it has previously
been shown that the natural wave-length is proportional to
V/ LaXCa. Now then, in order to be able to tune a receiving
aerial circuit over a fairly wide range of wave-lengths, a tuning
arrangement for vaying this product of inductance and capacity
is all that is necessary.

How the Wave-Length of an Aerial May Be Increased.—It
has been found convenient to include an inductance in the down
lead wire to the receiver for the purpose of passing the received
signal voltage to the set. Sometimes this added inductance coil
is connected directly to the set and at other times it is coupled
magnetically to the tuned circuit.
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When in the closed circuit type, a coil of inductance L
micro-henries is connected in the down-lead of an aerial whose
inductance is La micro-henries, the new wave-length is being
given by

A=1,885V/(L+La) Ca meters, that is assuming that the
coil itself has no capacity. Again the corresponding frequency
to which the aerial circuit is now tuned is given by

1
f=2'n: Ty TN cycles per second,
The units in this case being henries and farads.

Aerial Wire (Size and Material).—In order that the resist-
ance of the antenna be as low as possible No 140or 12B & S
stranded copper wire is most generally used.

This wire has a high factor of conductivity, is mechanically
strong and can easily be soldered. Antenna wire of this type, of
suitable length, is nowadays carried as standard, and can be
obtained at any hardware store.

The Importance of Insulators.—One important factor when
erecting an antenna is to obtain good insulators and use a suffi-
cient number of them.

Approved wire insulators are usually made of Pyrex glass,
porcelain, etc. and are made with a hole or eye at each end to
facilitate the fastening of the wires.

Fig. 4 shows a ribbed constructed insulator, the purpose of the
ribbons being to increase the leakage path and to increase the
insulating property of the insulator.

If small insulators are employed, it is necessary to connect
two or more in series with short pieces of wire to increase their
insulating property. It is obvious that insulators should 7ot be
inserted in the aerial at random, and should not be used for
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example, to connect several pieces of aerial wire to obtain the
required length of aerial.

As pointed out in the beginning of this chapter, an aerial has
only one insulator at each end, except in case of doublet
aerials (which actually consist of two separate aerials) in which
case three or four insulators are used. See fig. 5.

STRAIN INSULATOR

FIG. 4—The ribbed construction serves to mitigate leakage of the weak signal
energy received by the antenna. This leakage may assume considerable
proportions especially during wet weather, hence the necessity of providing
good antenna insulators,

Lead-In Conductors.—Lead-in conductors should be kept
away from the house and should not approach the side of the
house closer than six inches.

This is accomplished by insulator supports as shown in fig. 6.
The insulator support should be properly fastened by means of
wooden screws or brackets. Lead-in conductors should be of
stranded copper wire, not smaller than No. 14 B & S gauge.

As in the case of the aerial the lead-in conductors should be
kept away from obstructions such as trees, walls, chimneys,
gutters, telephone and power wiring. It should also be noted
that the lead-in conductor should be of one continuous piece
with the aerial.
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'1——2Ft--1

VAN,
Insulator Soldered /

joints
Stranded Stranded bore wire
bore wire (same length)
Porcetoin
spreoders
\Rubbcr covered
lead-in wires
A
l/l — Stond-off
] D =5y insulators
Flexible
leod-in strips or
g porceloin tubes
J Q — | Lightning
orrastor
Ground
/ connection
outside of
building

FIG. 5—~Double antenna may be of the tuned or untuned type. The tuned type
have definite aerial lengths (the horizontal portions) for respective wave-
lengths or frequencies, and the untuned have not; the untuned are, there-
fore, suitable for a wide range of short-wave frequencies. The lead-in
wires, or transmission lines, pick up more noise or interference on short
waves than they do on long waves; therefore transposed or closely paraliel
lead-in wires are used. The drawing shows a typical short wave reception
antenna.
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In entering the building two methods are commonly em-
ployed. 1, Entering the conductor through the lower part of a
window adjacent to the receiver by means of flat: flexible insu-
~ lated strips, or 2, entering the conductor through a special

condulet or porcelain lead-in insulator very similar to that

employed in electrical wiring. LOOM

(

~———TO ANTENNA,

INSULATOR
SUPPORT

TO SET

TIG. 6—Demonstrating how a short section of loom is inserted to protect the
aerial at the point where the line is supported by a nail-on knob. The Ioom
eliminates swinging and forcing of too sharp a bend in the wire.

When installing the condulet, precautions should be taken
that the conductor is sloped outward as shown in fig. 8, this to
prevent rain or moisture following the lead-in conductor to

- enter the building.
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Lightning Arresters.—The function of the lightning arrester
is to prevent sudden voltage surges originating in the aerial (as
during a thunderstorm) entering the receiver. Essentially the
lightning arrester is a device which provides a very small air gap
between the aerial and the ground and through which sudden
voltage gradients may escape to ground. See fig. 9.

The rules of the Board of Fire Underwriters require an
approved form of lightning arrester. The lightning arrester

Keep Leads Apart
1 l - ond Short

Doublet Antenna
Transformer

N A=
o=

Keep Keep Leads Apart
Leads Short and Short

FIG. 7—Showing method of carrying antenna leads through the windows—
using either porcelain tubes or flexible lead-in strips. Upper figure shows
connections where, antenna transformer is embodied in the radio receiver,
and the lower, where it is connected outside. Transmission lines must be
well insulated and stand off from the walls, as well as kept away from wires,
drain pipes and other metallic surfaces and conductors.
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CONTINUOUS WIRE
TO ANTENNA

RECEIVER INSULATOR

FIG. 8—Conventional method of installing inverted L-antenna lead-ins,

. TO ANTENNA METALLIC
CONNECTION CONNECTION
STUDS TO GROUND
CARBORUNDUM
\ L < > & CONNECTION
LIGHTING STUbS
L ARRESTER
PORCELAIN / ELECTRODE

BASE INSULATION TO ANTENNA TO GROUND

OF RECEIVER  OF RECEIVER
FIG. 9—Lightning arrester detail and diagram of connection.
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should be designed to operate at a voltage of 500 volts or less,
and should be properly connected and located either inside the
building at some point between the entrance and the set which
is convenient to ground, or outside the building as near as pos-
sible the point of entrance.

Particular precautlon should be taken that the lightning
arrester be not placed in the proximity of easily ignitable mate-
rial, or where exposed to inflammable gases or dust, or flying of
combustible substances.

Grounding Conductor.—Since it is necessary that the ground-
ing conductor be of low resistance, it should be of the same size
as the lead-in conductor and should in no case be smaller than
No. 14 B & S gauge.

YO SET
eSS COPPER PLATE

3t04 Square Ft.
Embedded in Moist Earth

4 //V 2
i \\\\///\\\

WATER PIPE

FIGS. 10 and 11—Two methods of ground connection.

Care should be taken to make this connection as short and
straight as possible to the nearest water pipe where a good
metallic connection should be made. A suitable metal ground

clamp designed especially for this purpose can be obtained in

any hardware store.
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Where a water pipe is not convenient for use as a ground
connection, other permissible grounds are grounded steel frames
of buildings or other grounded metal work in the building.

When an artificial ground connection has to be made, a large
copper plate or a bucket buried in a well or in moist earth may
be employed. Under ne condition should gas pipes be used for
ground connection.

In case of exposure to mechanical injury, the ground con-
ductor should be adequately protected.

Counterpoise Ground.—In locations where a satisfactory
ground cannot readily be secured because of dry soil, a counter-
poise is used. This consists essentially of a second aerial sus-
pended on supports preferably one foot above the ground and
insulated from the latter. See figs. 12 and 13.

INSULATOR INSULATOR
- o

JNTEN.  RECEIVER
TRANSF. RECEWER

AG

AG
LIGHTING
ARRESTER

COUNTER POISE G__R_‘_O}JND

Tp——
hed -

FIG. 12—Counterpoise and connection. Theoretically the counterpoise forms
one plate of a condenser of which the main aerial is the other plate.

FIG. 13—Method of connecting lightning arrester to the aerial.

The counterpoise should run parallel with and preferably
underneath the main aerial, though if necessary it may be off-
set to one side.
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The action of the counterpoise over the ground is exactly as '
that of a condenser; in fact it is a large condenser conforming to
all of the laws pertaining to condensers. In the case of aircraft
or automobiles, the body (being metallically bonded together)
to which the grounding conductor is connected, acts as a
counterpoise.

Various Types of Antennas.—Among the various types of
antennas enumerated in the beginning of this chapter, it should
be observed that each geometrical form has particular charac-
teristics desirable for the particular operating conditions as
shown in figs. 14 to 19.

FIG. 14—Tllustrating how a doublet receiving antenna may be erected. This
antenna consists of a special doublet, a transposed transmission line, and
antenna junction box and a receiver coupling unit. An antenna of this type
is an efficient pick-up medium giving high signal strength over a wide fre-
guency range.
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The doublet antenna shown in fig. 14 has been found to be
highly efficient for short wave reception, and should for best
results, have a length of 1{ of the desired wave-length. A close
approximation of the total length for the two dipoles of the doub-
let may be obtained by dividing 492,000by the desired frequency
in kilocycles. The lead-in conductors (or transmission line) are

ﬂNOISE REDUCING CAGE
Y

\
A | :

7 b

7=

[

\AERIAL

TO SET GUY WIRE
MOUNTING POLE

FIG. 15—Cage antenna. A type frequently; used at transmitting stations.

PULLEY ) - —— PULLE

T
ROPE

LEADS

STAYS

LEAD IN

FIG. 16—Multi-wire inverted L (flat top) outside aerial. Where the distance
between supports is limited, the necessary length of aerial may be obtained

by running two or more lengths of wire parallel as shown.
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transposed at intervals as shown in fig. 14. This method is
employed in order to eliminate the pick up of man-made
static or local interference.

(] emme— #q

SRES”

LEAD IN
FI:. 17-~Fan aerial.

PIRE E AP WITH FOUREVES
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FIG. 18~—Substantial antenna construction suitable for apartment house,
school or hotel.
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FIG. 19—Antenna installation for apartment house or hotel. To avoid duplicate
and inefficient antenna installations where many radio sets are located in
ene building, a single, properly installed antenna is most suitable.
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Example.—What is the natural wave-length of an aerial
. the inductance of which is 10 microhenries and the capacity

10.00025 microfarads? If a tuning inductance of 150 microhenries
be placed in series with it,'what is the resonant wave-length?

Solution.—The formula for the natural wave-length of a
series resonant circuit is A=1,885V LC in which A is in
meters, L and C are the inductance and capacity of the circuit
expressed in microhenries and microfarads respectively. In the
present example - .

A=1,885V10x0.00025=1,885x0.05 or 94 meters
approximately. - .

With the addition of the tuning inductance of 150 micro-
henries the total inductance becomes 160 microhenries. The
resonant wave-length is now A=1 ,885\/ 1600.00025 =1,885
X 0.2 =377 meters. .

Example.—As:suming that the total inductance of the aerial
circuit in the preceding problem is concentrated in the tuning coil,
what parallel capacity is required to tune to 500 meters?

Solution.—Let C represent the extra capacity required since
this is placed across the tuning inductance, it may be con-
sidered to be in parallel with the existing natural capacity of the
aerial, so that the total capacity across the tuning circuit is
(C+0.00025) Mfd. The required wave-length is given as 500
meters. Applying the same formula as before, the following is
obtained:

1,885v/160(C +0.00025) =500, that is

3.77V'160(C+0.00025) = 1; squaring both sides of the
equation,
14.2129 % 160(C+0.00025) =1
therefore C+-0.00025 =0.00044
and C=0.00019 mfd.
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Example.—Assume tn an aerial with the constani as given,
that it is required to tune it over a band of wave-lengths varying
Srom 250 meters and upward by means of a coil and a barallel
" condenser of the variable type, having a maximum capacity of
0.0005 microfarads and a minimum capacity of 0.00003 micro-
farad, what value of coil induction should be used?

Solution.—In substituting the known values in equation 2)
the following is obtained:

250=1,885V'(L+10) (0.00003+0.0002)
from which L =66.4 micro-henries.

STRANDED BARE WIRE /'NSULATOR

JOINT
CONNETION

INSULATOR
SPREADERS

RUBBER COVERED
LEAD-IN WIRE

FIG. 20—Tllustrating good spacing arrangement for doublet type antenna.
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Using a coil with this value of inductance the aerial circuit
tunes to 250 meters with the condenser set to its minimum value.

If now the condenser be set to its maximum value of 0.0005
M.f. the maximum wave-length of the tuning range is obtained
by equation

A=1,885V/(66.4+10) (0.0005+0.0002) =436 meters.
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CHAPTER 19

Automobile Antennas

Automobile antennas are generally divided into two classes
according to their location as:

1. Roof or top antennas
2. Under-car antennas.

Probably the most popular antenna in closed car construction
is the roof or top type. The majority of recent built automobiles
of the closed body type are already equipped with such antennas
installed at the factory, and a lead-in brought down one of the
corner posts. ! .

In many of the earlier models of.the closed body types, a
piece of metallic screen is employed for top material support.
This metallic screen may readily be utilized as an antenna, pro-
vided that the screen is insulated from the metallic frame of
the car.

In order to use an ungrounded support screen, one corner
only of the head-lining need be removed. A shielded lead-in
(see fig. 1) should first be soldered to the screen and then
- carried down the front pillar post, nearest to the receiver.

The shield covering should be soldered or bonded to the car
frame prior to replacement of the head lining.

The determination of the existence of electrical contacts be-
tween the screen and the body proper may readily be found by
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an electrical test, without removing any portion of the top fab-
ric. An authorized dealer should be consulted as to the proper
procedure of making this test.

SHIELDED LEAD . IN
= COPPER SCREEN
| / ( Fastened by Means of
Staples to Top of Car)

=

FIG. 1—A roof type antenna of this type consists of two copper screens fast-
ened to cardboards and insulated from contact with car body.

' \SHIELDED

LEAD-IN
FIG. 2—1llustrating location of roof type antenna.

If it be found that the top support screen is grounded or if no
screen be present, it will be necessary to remove the entire
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head-lining as shown in fig. 2. In the former case the screen may
be insulated by removal of a strip several inches from all edges,
as well as from the dome light fixture.

Subsequent shifting of the screen may be eliminated by tack-
ing the screen to one of the ribs and by lacing the sides with a
cord. If there be no support screen present, a copper screen as
shown in fig. 1, having an area of at least ten square feet, should
be inserted.

It should be located as far in the rear as possible, and particu-
lar precaution should be observed against possible metallic con-
nection to the grounded frame of the car. After the antenna is
properly inserted the lead-in wire may then be attached as
described and the head-lining replaced.

Folding Top Antennas.—In touring cars, roadsters, con-
vertible coupes and convertible sedans, where folding top con-
struction is employed, the wire screen previously described
cannot readily be utilized on account of its being not sufficiently
flexible to permit the folding of the top.

A flexible wire antenna consisting of approximately 75 feet of
No. 18 rubber covered stranded wire is often employed. To
install this type of antenna proceed as follows : First remove the
tacks that hold the top material to the front bow over the wind-
shield and lay the top back. This operation will expose the cloth
pads (quarter deck pads) on each side of the top bows. It is to
these pads that the antenna should be fastened.

Start near the windshield and run the wire the entire length of
the quarter deck; the wire should be secured with individual
knots, approximately 6 inches apart. Run the wire back and
forth on the quarter deck until eight rows spaced about one inch
apart has been completed and fastened. The wire is then tacked
across the roof on one of the roof bows, where a similar opera-
tion is repeated on the opposite quarter deck.
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The lead-in wire of heavy weather-proof construction is con-
nected to the antenna at the rear of the top where it will not
interfere with operation of the folding of the top. This type of
antenna is recommended only when the top is used at least half
of the time or more. In cases where the top is folded back more
than half of the time, a running board antenna may be in-
stalled with a provision of switching from the running board to
the wire antenna when the top is used. This method is resorted
to on account of insufficient pick-up when the top is down.

Under-Car Antennas.—As all late cars of the closed type
have an all steel roof, it is obviously impossible to include a roof
antenna since such a unit would be useless. When in this type
of car no provision is made, one of the two general types de-
scribed may be employed, as follows:

1. Running board type
2. V-type antenna.

CHANNEL FRAME

NUT &

~WASHERS ANTENNA
2 LEAD TO

RECEIVER

PLATE TYPE
ANTENNA

-INSULATION BUSHINGS
FIG. 3—8howing method of fastening plate-type antenna to channel frame of
car.
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The running board antenna may be of either the plate type
or of the so-called di-pole or hairpin type, shown in figs. 3, 4
and 5 respectively.

AFTEWA

RSOF TYPE ( MECOMMENDED )

PLATE TYPE ( ACCESSORY)

FIG. 4—Showing approximate locatien of reef-type antenna and plate-type
running board antenna.

I3

ADJUSTABL

~T0 34 FT: DISTANCE FROM RUNNING BOARD
L’/—zﬂ-'ﬂ’ ADIUSTABLE FROM 253 7

2%"To 47
FIG. 5—~Di-pole antenna and method of assembly.

Plate Type Antenna.—This unit should be clamped to the
frame of the chassis as far to the rear as possible. It is adjustable
in length and may be mounted either lengthwise or crosswise of
the chassis—position to be selected with due regard to pre-
caution of overcrowding. ‘
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The plate must be mounted as close to the ground as prac-
tical consideration will permit. It is also important to avoid any
position in which the plate will impede the free motion of the
chassis and parts such as springs, drive shaft or axles to prevent
impairment of service; also in order to prevent damage when the
car is run alongside a low curb it should be set back approxi-
mately 2 inches from the outside edge of the running board.

As this type of antenna is invariably subjected to hazards
such as ice, snow, water and wind, it should be anchored to the
car as strongly as possible. The fact that the antenna insulators
often are wet should be taken into account, i.e. the insulators
should be made as long as possible to prevent leakage.

In some cases this type of antenna is made in two parts; one
for each running board, in which case they should be properly
connected at the rear.

Di-Pole or Hairpin Type.—The position, mounting, accesso-
ries, as well as the antenna are shown in fig. 5. Decreasing the
distance from the antenna to the ground will increase signal
strength, but precautions previously described pertaining to the
plate type antenna should be observed.

To facilitate the mounting of the antenna two universal type
brackets are used for attachment to the running board, by
means of the screws normally used on the car. The distance
from the road may be adjusted by the brackets to insure
necessary road clearance.

Lead-In.—The lead-in wire to provide the connections be-
tween the car antennas and the receiver should be shielded
and as short as possible without putting undue strain on any
parts.

If no opening be provided in the car, the lead-in should be
brought into the driving compartment through a half inch hole
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drilled in the toe-board. It is obvious that in the case where the
receiver is located at one side of the car, the antenna lead-in
should be brought in at that same side, to make a shorter
connection.

SHIELDED LEADIN

LS

SHIELDED LEAD TO SET TRANSF.

ANTENNA SHIELD —_
GROUNDED TO “s”
HOOK

A 4

FIG. 7—Method of installing a square type under-car antenna.
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The V-Type Antenna.—This type of antenna consists essen-
tially of heavy insulated wire which is connected between the
transmission housing and each rear spring; with strongly insu-
lated supporters for attachment. The shielded lead-in is con-
nected to the center of the wire near thetransmission housing
insulator.

Another type of antenna somewhat more efficient is the so-
called triangular type shown in fig. 6. Here the wire is brought
out to form a triangle. The front part is supported and fastened
in the same manner as the V-type, and the back to the rear axle.

Another type of antenna is depicted in fig. 7, consisting of two
under-car antennas inter-connected as illustrated.

(For Information on Automobile Radio Troubles see pages
703 to 709.)
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CHAPTER 20

Phonograph Pick-ups

By definition a phonograph pick-up is a device which con-
verts the vibrations of a phonograph needle in traversing a
phonograph record into audio frequency currents for reproduc-
tion through a radio receiver. See fig. 1.

MOTOR LEADS
FIG. 1—Modern pﬁonograph pick-up unit.

Phonograph pick-up operating on various well known princi-
ples have been developed, such as the condenser type, carbon
resistance. magnetic or crystal tyoe.
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The pick-ups at present are found almost exclusively to be of
either the magnetic or the crystal type. Magnetic pick-ups are
divided into two classes depending on the method of damping
employed, namely:

1. Rubber damped
2. Oil damped.

Conventional types of rubber damped magnetic pick-ups are

shown in figs. 2 and 4.

FIG. 2=Principal parts of a rubber damped magnetic pick-ap.

The operation principles are as follows: The movement of the
needle and hence the armature to which the needle is attached
is accomplished by the ripples inscribed in the record which
rotates at a constant speed. - _

The coil of wire wound on the armature is made to intercept
the magnetic lines of force flowing from the North to the South
pole of a strong permanent magnet.

At any instant that the coil cuts the lines of force between
the two poles, a voltage is induced within the coil, the value of
which is regulated by the amplitude of the vibration. The two
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terminals of the coil are brought out to the input terminals of
the audio amplifier which amplifies the audio-frequency voltage
variations sufficiently to load speaker volume.

_‘%\ AGNET

* D
- VOLUME
§\ L A\ CONTROL
\ P ARM. | N\
L coil | TO AUDIO
\ b > AMPLIFIER
A \ -~
S N
LTS
e PHONOGRAPH
RECORD

FIG. 3—Simplified layout of a phonograph pick-up.

One detrimental factor with the average pick-up unit, regard-
less of principle or type, is the weight of the moving parts. The
mass of the usual iron armature for example, causes it to have a
resonance in the audible range which reveals itself to the ear
as a snarly sound in the middle range, and its inertia, coupled
with the type and amount of damping necessary, very often
curtails the brilliance of reproduction, which is largely bound
up with responsiveness to transients.
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.

In order to counteract the weight of the pick-up head and so
mitigate the aforementioned undesirable qualities, a counter-
balance arm is usually resorted to, although it is not desirable
to completely balance the weight of the pick-up because some
weight must act on the needle in order to keep it from jumping
out of the groove, especially when low frequency notes are
" being reproduced.

HIGH- PERM. DAMPING RUBBER
POLE PIECE COVER
8 ALIGNING AND
% S DAMPING RUBBER

" HIGH-
558 CUERCIVE

Sty

EXCITER

RUBBER
TUBING

MOUNTING
. FRAME
FIG. 4—Parts of modern rubber damped pick-up.

Therefore, it is important that records should be made of
hard materials, and at the same time possess abrasive qualities
sufficient to grind the needle point at the beginning of its
travel in order to reduce the pressure of the needie.




Phonograph Pick-ups i 407

Impedance Values.—Magnetic pick-ups are made in all
impedance values, the average being around 20,000 ohms. This
allows direct feeding of the output into the grid circuit of an
amplifier stage without the interposition of any matching
transformer.

MOUNTING
SCREWS

)

3 VISSOLOO
Amm.m:} \ ‘mmmcm ;1\‘ DAMPING BL.0CK
200" “cenTERWG SPRWG -~ Ty

FIG. 5—Front view and section of phonograph pick-up. (Courtesy General’
Electric Co.)

However, where quality is of the utmost importance, as for
2xample in broadcasting and recording studios, where long
cables are commonly employed, 200 to 500 ohms being prac-
tical averages.

These lower values are much less affected by long connections
in regards to hum pick-up or loss of high frequencies, due to the
distributed capacity of the cables and of the armature coil
winding itself.

When as in some commercial sets low impedance values are
used, a step-up transformer must. be resorted to in order to
obtain satisfactory operation.
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The Oil-damped Magnetic Pick-up.—This type of pick-up
is more complicated in construction and hence more expensive
than the rubber damped type. However on account of its
superior frequency response characteristics, it is frequently
employed in sound picture reproduction as well as in high grade
sound amplifier systems.

In this type the horse shoe magnet is enclosed in a case, and
surrounded by oil (which takes the place of rubber in the
rubber-damped type pick-up) damping the action of the
armature.

The Crystal, Variously Called Piezo-Electric Pick-up.—The
action of this device, which on account of certain favorable
qualities has found an increased use, depends upon the prop-
erty of a Rochelle salt crystal in converting mechanical motion
into electrical voltage. In practice this is accomplished by
placing two small crystal slabs together which results in what is
known as a bi-morph crystal element. This crystal element is
then mounted between two small discs of sponge rubber in a
bakelite housing, and a light aluminum rocker arm with
rubber pivoted bearings (substantially the same as that em-
ployed in magnetic units) is used to communicate the motion
of the needle to one end of the crystal.

The “fish tail” of the rocker arm employs a forklike notch in
the extreme end to which the crystal is clamped. On account
of the fact that this armature is much lighter than the iron ones
used in the magnetic pick-ups, they require less damping in
addition to the attractive properties of the voltage generating
element itself.
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The impedance in this unit is very high and the element is
inherently capacitive—which two features call for a somewhat
different technique in the proper operation of the pick-up.

Good results are being obtained with a volume control of 0.5

megohm. All leads should be well shielded.
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RUBBER
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FIG. 6~Parts and assembly of crystal pick-up.
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One of the most unfavorable points in the employment of a
pick-up of this type is the extreme fragility of the pick-up itself,
another being the variations of output with the temperatures in
excess of 100° Fahr.

Additional points to be considered when selecting a pick-up
unit, regardless of specific types, are solidity of carrying arm
construction and freedom of movement of the horizontal and
vertical bearings.

The pick-up should be so constructed that not more than
three ounces of needle pressure will be used on the record.

Phonograph Motors.—An important part of the phonograph
mechanism is that of the motor, its function being to produce

the revolving motion to the phonographic disc.

' The speed of the record should be as nearly constant as pos-
sible. The usual speed of the phonograph disc record being 78
r.p.m. At 78 r.p.m. a 10 inch record plays for 214 minutes,
while the 12 inch record plays for 4 minutes. Again a 16 inch
record (employed in sound picture work) revolving at 3314
r.p.m. plays for approximately 14 minutes.

Motors of the a.c. current type are most generally of the
induction or synchronous type, its speed being controlled by a
governor, as shown in fig. 7. In later type motors a stroboscope
disc is employed which makes closed speed adjustment very
easy.

If a stroboscope disc is not available the following method
may be employed for correct speed adjustments:

1. Place a record on the turntable and insert a small piece of
paper under the edge of the record to serve as an indicator.

2. Play the record in the normal manner and count the num-
ber of revolutions made by the turntable in one minute. The
speed should be 78 revolutions per minute.
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3. Turning the speed regulating screw clockwise allows the
motor to run faster, and counter-clockwise slower.

Adjust by trial until the speed is as exactly as possible 78
7.p.m. as determined from a full minute count.

TO TURNTABLE
MOTOR FRAME

FIG. 7—Motor frame, motor and governor in modern electric phonograph.

The speed of disc should be checked about every two months.
Variation in speed will cause distortion.

The governors are generally designed to maintain a constant
speed of the motor within a range of sudden voltage changes of
20 volts, if the parts be properly adjusted. Therefore any ad-
justment made on the motor, including lubrication, will have a
certain effect on the speed, which should be checked as pre-
viously described.

Phonograph Pick-Up Connection.—When a phonograph of
the high impedance type pick-up is employed in connection
with the radio receiver, it may be connected in one of several
ways as shown in figs. 8 to 10.
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PHONOGRAPH
PICK-UP

S DETECTOR
SOCKET

+BDET  ~C

FIG. 8—Method of connecting phonograph pick-up when unit be provided
with an adapter for plugging into the detector tube socket. When plugged
in the pick-up will be connected to the input of the audio amplifier.

s
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FIG. 9=Conventional method for connection of radio high impedance pick-up.
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In more expensive radio phonograph units a so called scratch
filter consisting of a combination of inductance and capacity is
employed to eliminate or suppress the scratch or hiss caused by
the friction of the needle on the record.

SECONDARY OF
L.F. TRANSF. R.F. CHOKE

MAGN. PICK-
CkuP TO POWER
STAGE
FIG. 10—Method of radio phonograph pick-up connection.
PHONOGRAPH
MATCHING
Lehell? /TRANSFORMER

TO AUDIO

EQUENCY
~SCRATCH ' STAGES
;rHLTERS

PIG. 11—Method of connection for a needle scratch filter.

The loudspeaker reproduction of scratch is due to the fact
that the sides of the wavy grooves in a phonographic record are
seldom cut clean or smooth. The almost microscopic rough
edges will to some extent, affect the motion of the needle and
are responsible for the above described defect. A scratch filter
as commonly used, is shown in fig. 11.
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The simplest method of record reproduction is to employ an
oscillator unit shown in fig. 12. This oscillator in effect is a
miniature broadcasting station and the radio is turned to it
exactly as to any other station. The oscillator and its connection
is clearly indicated in fig. 12 and no changes whatsoever need
be made in the receiver.

0.0605;‘

TO ANT, POST|
ON $ET

3040 H. g St -
T¢ T hal VS
FIG. 12—A portable A.C.-D.C. phonograph oscillator, which may be worked

through existing radio receiver. In this phonograph the record reproduction
is introduced by means of a miniature carrier wave generated by a local
oscillator which is plate-modulated by a single audio power stage into whose
grid the output of the pickup can be connected with a minimum of trouble
and equipment. In effect this is nothing but a small broadcasting station to
which the radio set is tuned, and the carrier pickup is either by conductive
or inductive transformers to the sets antenna lead and the set operated in
the usual manner.

The frequency of the oscillator may be varied so as to select
a channel that is clear of broadcasting.
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FIG. 13—Diagram of connection when oscillator-phonograph units are em-

ployed in connection with receiver for music reproduction.
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FIG. 14~Schematic circuit diagram of typical escillator unit.
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A schematic diagram of a simple phonograph oscillator which
will give high quality performance is shown in fig. 15, when
used either with a crysial phone pick-up or a crystal microphone.
The output is sufficient to operate a radio receiver located 50 to
75 feet away.

The oscillator portion utilizes the control grid, screen grid,
and plate of a 12SK7 tube. The audio modulating voltage is
impressed on the supressor grid, and the per cent modulation
may be varied by adjusting R;, which controls the cathode
potential of the tube. — —

125K7
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D——f’ \ - L2 Ly
= "

& N\, —
-ﬂ— < S 1]
Cs
CRYSTAL =c; € | Ro
PICK- UP ; ) — -

YWivy

| »2R;
PHONO.
MOTOR 5_ AMAA RECTIFIER
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FIG. 15—Schematic diagram of phonograph oscillator, operative for either
voice or recordings. The components employed are as follows:

R\—4.7 megohm, Y4 w. res. Ci, Ci—25 uufd. mica cond.
Ry—47,000 ohm, % w. res, Co—250 pufd. mica cond.
R:;—10.000 ohm rheostat (adjust. Cr—20-160 uufd. var, cond.
for 9, of modulation) Cro, C11—40 ufd., 150 v, elec. cond.
R+—740 ohm, 20 w, res. S1—8.p.d.t, sw.
Ry—22 ohm, 4 w, res. 8:, S:—8S.p.s.t. sw.
Ry—7000 ohm, 1 w. res. Lir—Broadcast ant, coil c.t, (1000 to 1700 kc.)
C1—500 uufd, mica cond. Rect,—200 ma. selenium rectifier (or two 100
Cs, Cs, Co—.05 ufd., 400 . cond. ma, rect. in parallel)

Cs—10 ufd., 25 v. dry elec, cond. I1— 128K7 tube
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CHAPTER 21

Public Address Systems

By definition a public address system consists of a sound
amplifier system supplying sound programs from radio, phono-
graph or microphones to one or more loud speakers.
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(PICK-UP) PANEL o
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SET .

FIG. 1-=Schematic view of a music reproducing and program distributing
system. .
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A public address system may be designed to amplify sound
in one single place such as in an euditorium or in a number of
rooms such as in kotels or hospitals.

In order that the reader may obtain a clear conception of the
various units comprising the system, the following definitions
are given:

Music Reproducing System.—It may be defined as an assem-
bly of apparatus consisting of a reproducer set (program
source), the necessary amplifying and control equipment and
.one or more loud speakers. A music reproducing and program
-distribution system is shown in fig. 1.
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FIG. 2—A small portable announcing system.

Announcing System.—It may be defined as an assembly of
apparatus comprising one or more announcer’s microphones.
The necessary amplifying and control equipment, and one or
more loud speakers. A system of this type is illustrated in figs.
2 and 3.
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Program Distribution System.—A system which provides
facilities for the distribution of programs from a radio receiver
in conjunction with a public address system, announcing sys-
tem, or music reproducing system to one or more loud speaking
telephones.

Operation Theory.—The aforementioned apparatus operates
as follows: A microphone (which may be of various shapes and
designs as shown in figs. 18 to 23 connected into an electric
circuit, is placed in such a manner that the sound directed into
it will be reinforced.
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FIG. 3—Schematic diagram of amplifier sl;own in fig. 2.

The sound waves or vibrations register on the diaphragm of
the microphone causing corresponding fluctuations in the elec-
tric current. This electrical energy is conducted by wires to con-
trol panels which regulate the energy fed into the amplifying
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equipment, where it is amplified to a level millions of times
greater than the original energy put into the microphone. It is
obvious that when reproducers or radio receivers are used as
program sources, this apparatus may be connected directly into

the amplifying equipment.

FIG. 5—Typical transmitter. The parts are: A, fixed carbon disc attached te
the bridge at E; B, movable carbon disc attached to the center of the
aluminum diaphragm D, at C; M, hard rubber mouth piece. The shell is for
protection and for mounting the transmitter to a stand or bracket.
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FIG. é—Illustrating principal parts of a public address system.
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The so amplified energy passes on to loud speakers which re-
converts it into sound, which is hence distributed over the

desired area.

TURNTABLE
REPRODUCER

FIG. 7—In appearance and design, the new program sound system shows
marked improvement over previous types. All the central control equipment
is contained in an attractive modern cabinet, including amplifiers, retracting
electric phonograph and the monitor loud speaker microphone which operates
through a grille at the top. A high fidelity multirange radio receiver with
automatic volume control and all necessary switches and extension controls
are conveniently located on a bright black panel which makes a pleasing
contrast to the aluminum gray finish of the cabinet and its chromium trim-
mings. (Courtesy Western Electric Co.)
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¥IG. 8—Rear view of control equipment cabinet shown in fig. 7. Note: The

electric phonograph unit is retractable and may be moved back and forth in

drawer fashion to facilitate loading and unloading of records. (Courtesy
Western Electric Co.)
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Amplifying and Control Equipment.—Audio-amplifiers used
in a P.A. system may be either large or small depending upon
the size and the use of the system of which it forms a part.

* = LOUDSPEAKER SWITCHING PANELS ———

5

FIG. 9—Detail of radio receiver and switching panels shown in fig. 7. Note:
Card rack for identification of speakers location. (Courtesy Western Electric
Co.)

Equipment for small size systems is usually designed and
assembled with particular attention to facilitate transporta-
tion, and is hence assembled in a small portable carrying case,
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and is suitable for small music reproducing and announcing
systems.
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ASSEMBLY OF SYSTEM
FIG. 10—Rear view of control equipment cabinet, showing assembly instruc
‘ tions and detail of switching panels. (Courtesy Western Electric Co.)
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FIG. 11—Detail of amplifier unit shown in lower part of control equipment
panel fig. 8. Note: When a two program system is desired, two similar am-
plifiers are used, as illustrated in fig. 8. (Courtesy Western Electric Co.)
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FIG. 12—Schematic wiring diagram of amplifier unit shown in fig. 11. (Courtesy Western Electric Co.)
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Again the larger equipments are normally assembled in the
switchboard manner on metal panels, mounted on angle irons or
pipes, and supported securely from movement in either hori-
zontal or vertical direction. These types are used whenever the
small equipment just described is insufficient. A typical panel
of a public address system of modern type is shown in figs. 7
and 8 with assembly details and amplifier unit shown in figs.
9to 11.

The power output of an amplifier depends upon the number
of loud speakers and input units employed, which in turn de-
pends on the area served and such factors as cubical contents of
rooms (if for indoor service) acoustical conditions, etc.

The amplifier schematic diagram for a P.A. system is shown
in fig. 12. This amplifier has a power output rating of 20 watts,
the input impedance (impedance amplifier is designed to work
from) is 30 ohms, output impedance (impedance the amplifier
is designed to work into) is 350 ohms. Tubes employed are
three 262A—two 300A and one 274A as shown in diagram. Con-
nections to the amplifier are made by plugs to facilitate the
operation.

Amplifier Ratings.—The ultimate function of an amplifier is
to enlarge the sound volume received from the microphone to a
level which makes it possible to be heard over a large area.

Amplifiers in public address systems are rated according to
the number of watts output delivered without distortion. The
output depends upon the design and the size of the amplifier in
question.

The amount of this output specifies what volume of sound will
be received and hence the area that can be covered.

Before amplification of an amplifier canbemeasured, however,
it is necessary to select some suitable unit of measurement.
When, as stated, the output is measured in watts, it would be




Public Address System 429

most convenient to measure the input in the same unit. This,
however, cannot be readily done on account of the fact that the
ear responds to different sound energies in an exponential way.
From this it follows that the gain of an amplifier must be ex-
pressed in the same manner, i.e. by the use of logarithms.*

The Decibel.—The sound volume is measured by means of a
unit named decibe! (db.) which is the unit of sound transmis-
sion, and is defined as the smallest difference in loudness or in-
tensity perceptible to the human ear. It is this unit which is
used in sound calculations for comparison between power out-
put and input values. Before a comparison can be made, how-
ever, it is necessary that the input and output power be ex-
pressed in the same units; for example, in kilowatts (kw),
watts (w) or milliwatts (mw).

Now, if for example P, and P, be taken to represent power
output and power input respectively and N , the number of
decibles denoting their ratio, then the expressed units may be
written thus:

Ndb =10 log-m ';;: ....... et ees e (1)

This formula is correct at all times for rating of amplifiers.
The ratio is termed a gain when P, is greater than P, and a
loss when P, is smaller than P,.

The unit decibel can also be used for comparison of the two
currents or the two voltages. Before such a comparison be made
however, it is necessary first to translate the values into equiva-
leEr21t power ratios. As the power expressed in watts is /2R or

R these values may be substituted for P, and P, in equation

*The logarithm of a number is the power to which 10 must be raised to
equal the number in question. For example, log. 100=2 because 102 =100,
Similarly log. 867 =2.9380 because 103925 =867, etc.
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Ille =201 Il‘\/ R1 (2)

(1) or Ny =10 log.1o TR, 0g.10 TEa/3, 02000008

Similarly
Na=20 log.loE‘+—— VR A3)

Example.—What gain in decibels will be received if the voltage
of an amplifier rises {0 5 times the normal level ai a certain fre-

quency?
Selution.—
N =20 log.10 5=20X0.699 =14 decibels (Approx.)

Reference Level.—It is important to note that the decibel
is not a power unit such as the watt or kilowatt but is strictly
speakmg, a co-operative unit in that it always expresses the
comparison of a ratio between two powers.

In order to make such a comparison, a definite reference level
or value has been set for various sound producing devices. This
level for example for telephone work is set at 10 milliwatts (0.001
watts) which is the output of a standard transmitter used by
telephone engineers, whereas for radio work the reference level
has been set at 6 milliwatts (0.006 watts).

By using 6 milliwatts as reference level, amplifiers may be
rated at a sound energy level of a certain number of decibels.

The convenience of such a reference may best be illustrated
by the following example:

Assuming an amplifier delivers 6 watls output, what is its out-
put level in decibels?

Ng‘-lo-log.m%ﬁu 10X3 or 30 decibels
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If the output be doubled the ear will notice an increase in
volume which will not be twice as great but will increase in
logarithm manner,

Naw=10 log. oo =10 3.3 =33 decibels

f
{
4
jl
~ ;'

Loud speakers for Public Address System.—The determina-
tion of loud speakers to be employed depends on individual ser-
vice requirement. For example, the straight horns Type A and
B shown in figs. 13 are largely used for outdoor installations
where it is desired to cover a broad area such as a race track,
football field or similar locations. Several such straight horns
are sometimes grouped together, as shown in fig. 14.

Because of space requirements the straight exponential
horns are not usually employed in indoor installations.

FIG. 13—Typical exponential loud speaker horns.
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The so called folded horns have been designed for this pur-
pose. In this type the effective length is attained while the ac-
tual length has been materially decreased.

FIG. 14—Grouping of horns when used for outdoor installation.

When folded horns are employed in very large indoor sys-
tems, or in outdoor installations where the power requirements
are large, the horns may be equipped with throat sections which
will facilitate the attachment of a number of receiver units into
one horn. See fig. 15.

In smaller indoor installations such as schools, hospitals,
apartment houses, suites or offices, the direct radiator type
shown in fig. 16 is largely employed. The loud speakers may be
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incorporated in the building design and mounted preferably
flush with the wall.

In buildings already completed the loud speakers may be hung
on the wall or placed on a suitable piece of furniture which will
harmonize with the surroundings.

—
Ve
- )

e —— -

FIG. 15—~Cluster of horns for indoor public address system.

Special selectors as well as volume controls may be incor.
porated to choose programs from any number of radio broad-
casting stations when the system is equipped with the radio
receiving apparatus required for such reception.

In hospitals and sanatoriums individual head sets or pillow
type speakers are often utilized so that patients or guests who
listen to programs will not disturb others in doing so.




434 Public Address System

Apparatus and Their Location.—Whenever possible the
logical relationship between the various units comprising the
P.A. system should be preserved. Locations giving the best re-
sults should always be used. Loud speakers should be placed as
closely as possible to the program source and so that the sound
be directed from it.

FIG. 16—Direct radiator type speaker suitable for indoor installation.

If the system be utilized entirely for music distribution from a
reproducer set or a radio set, the location of loud speakers is
important only from the standpoint of distribution, as long as
care is exercised to guard against acoustic feed-back from the
loud speaking telephones to the radio set.

In auditoriums and other buildings provided with a stage or
raised platform, horn type loud speakers should be located
above the stage in the center of the proscenium arch, mounted
so that they are not directed at the microphones on the stage
platform.
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In buildings already erected, it may not be practicable to in-
stall loud speakers behind a grille in the arch. Then the prefer-
able location is outside the arch in the center of the ceiling.
When the loud speakers are suspended from the ceiling, the
gondola which houses them, or the mouths of the loud speakers
themselves should be covered with decorative grille work to har-
monize with the architecture. If the ceiling be not more than 15
or 20 feet above the stage platform the horns may be sus-
pended from trusses or other framework so that the tops of the
loud speakers will be only a few feet from the ceiling.

FIG. 17-—=Method of installing outlets for condenser and carbon microphones.

" When simultaneous distribution to a number of committee or
similar rooms be desired, individual small, horn type loud
speakers with volume control units are preferred. With this
equipment, the sound may be regulated to suit the size of each
room. Loud speakers should be located at either end, in the
corners or in the center of the room, to give equal distribution.

For outdoor use, such as at race tracks, football fields or air-
ports, loud speakers should be of the horn type and in sufficient
numbers and of adequate capacity to cover the prescribed area.
Horns should be located above the heads of the audience and
pointed slightly downward.
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The number of microphone outlets provided on a stage or
other platform is dependent upon the size of the stage and the
kind of programs to be given. Normally, it is advisable to install
at least three; one on each side of the stage and cne in the center.
If more are desired, they should be placed in the most conven-
ient locations. The method of installation is illustrated in fig. 17.

In announcing systems, installed in a hotel, or in a hospital, a
close talking microphone is used with flush or surface mounted
wall type loud speakers. The microphone may be installed in a
telephone booth adjacent to the telephone exchange. Thus the
transmitter is shielded from sound radiating from loud speakers
and at the same time is conveniently located for use by the tele-
phone switchboard operator. If a telephone booth be not used,
the microphone may be located in any convenient place where
there will be no interference from the loud speakers.

In indoor installations, available space determines the loca-
tion of amplifying and control equipments. They should be lo-
cated in any room which is free from dampness or moisture.
For use in outdoor installations they should be located in a
room set aside for the purpose in which they are fully protected
from the weather. This room may be located under a grand-
stand or in any other convenient place where wires or cable for
the necessary power circuits can be brought in.

. The operator in charge of the control equipment should be
provided with a monitoring loud speaker to keep him informed
of the progress of the programs. For obvious reasons, only
authorized persons should have access to the room in which
control and amplifying equipments are located.

When a motor generator set be used for supplying power to
the amplifiers, it should not be placed in the same room with the
amplifying equipment unless there be an intervening space of
at least 30 feet. Unless there be this space, the electrical field set
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up by the motor generator may be picked up on the input leads
to the amplifiers and cause noise in the circuits.

Storage and dry batteries may be placed adjacent to the am-
plifying equipment or in any other convenient place. When a
reproducer set and radio receiver form part of the equipment,
they generally are installed in the control room. In auditoriums,
they may be placed on or adjacent to the stage. In the latter
location, control is provided easily.

FIGS. 18 and 19—Carbon type desk and close talking type microphone.

Microphones.—Microphones used in a public address sys-

tem may be as follows:
(@) Carbon type.
(b) Condenser type.
(c) Moving coil type.

Carbon type microphones (see figs. 18 and 19) are used ex-
clusively for announcing purposes. This microphone has a
mounting similar to the well known desk telephone, except that
the receiver and the switch hook is omitted.
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‘When this type is used, it is usually placed upon a small desk
or a pedestal where the user speaks into it similarly as he would
into an ordinary telephone, holding it in his hand if desired.

Usually the microphones utilized for speech only are designed
with a higher sensitivity, but smaller frequency range than types
intended to cover ranges of both speech and music combined.
The usual type of carbon microphone requires a power source of
12 volts direct current to energize the carbon buttons, with a
current drain of approximately 50 M.A. for each microphone.

The condenser transmitter has a vacuum tube amplifier asso-
ciated with it and requires plate filament power supply for the
operation of the vacuum tubes.

A potential of 200 volts direct current usually obtained from
dry cell batteries is required for a transmitter polarizing poten-
tial and for the plate circuit of the vacuum tubes.

The filaments of the vacuum tubes operate usually on a 6 volt
direct current obtained from a storage battery.

The condenser and moving coil microphones are designed
usually for use in studios and other locations where musical
and other programs originate and where the very best acoustic
pick-up characteristics are desired. For these purposes they give
better performance than the carbon type.

A typical moving coil microphone of Western Electric manu-
facture is illustrated in fig. 20. Its basic simplicity is responsi-
ble for several distinct advantages. The fact that a permanent
magnet of cobalt steel is used to provide the magnetic field in
which the moving coil vibrates, obviates the necessity for sup-
plying polarizing energy to the microphone.

A moving coil microphone being a low impedance device is
less subject to disturbance from other circuits in the neighbor-
hood than other microphones and may be used with corplete
satisfaction at a considerable distance from its amplifier.
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It is obvious that since no amplifying equipment need be
directly associated with it, much of the care formerly required
in handling of microphones is unnecessary.
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FIG. 20—Simplified cross-sectional view of a non-directional moving coil
microphone.

Factors such as changes in temperature, humidity and baro-
metric pressure which have long constituted obstacles in the
consistent operation of microphones have no unfavorable effect
on the performance of the moving coil microphone.




440 Public Address System

All microphones are usually furnished with a suitable length of
cord and connecting plugs so that they may be connected in cir-
cuit by plugging into conveniently placed outlets.

FIGS. 21 to 23—Various sound cell type microphones, for use in public ad-
dress systems. (Courtesy The Brush Development Co.)

Acoustic Consideration in Public Address Systems.—It is a
well known fact that acoustic conditions exert a considerable
influence on the reception of amplified sound. To obtain the
most satisfactory result from a P.A. system, it is therefore
necessary to understand the principles of acoustics and be ac-
cordingly guided when making installations.

There is for example a large difference in materials of which
walls are constructed, and even when the two rooms are of the
same size and shape a considerable difference may be encoun-
tered in tone, volume and clarity.

When surfaces or furnishings are made of hard smooth ma-
terial such as plaster, brick, concrete, polished wood or glass,
only part of the sound which reaches the listener’s ear emanates
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from the original sound source, part of it comes by way of
reflection. A full realization'of the importance of sound reflection
in buildings may be had when it is considered that an ordinary
plaster wall is a better reflector of sound of certain frequencies
used in speech and music than a good mirror is of light.

Sounds may be repeated and become unduly prolonged, one
sound or syllable overlapping the beginning of the next, the
result being a noisy, indistinct effect frequently multiplying into
a continuous roar called reverberation.

When instead of multiple reflections, there is one predomi-
nating reflection, sounds being definitely repeated at a definite
interval, there is an echo instead of reverberation; however,
very frequently both reverberation and a distinct echo are
simultaneously present.

Resonance occurs when a thin hard surface such as a wooden
panel vibrates freely as a diaphragm at its own natural fre-
quency, hence in the vicinity of a resonant area, tones which are
unduly emphasized will sound louder than other tones.

Some porous and soft surfaced materials, such as special
acoustic plasters, cloth curtains and felt are relatively poor re-
flectors of sound because they dissipate a portion of the sound
which strikes them. This gives rise to a third effect which is
known as absorption.

The combination of these three effects namely, reflection,
resonance and absorpiion give rise to the complete phenomena of
frequency selection and wave interference responsible for the
difference in the volume of quality of sound, heard so often in
different parts of a building.

_
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Pointers in Construction of Walls, Floors and Ceilings and
the Use of Sound Absorbing Materials.—From the foregoing
it is evident that excessive reverberation can be largely over-
come by covering some wall surfaces with soft porous sound ab-
sorbing material such as velour or upholstery fabric. It is on
account of this property that velour or monk’s cloth is used
extensively in broadcasting studios.

If sound be undirected, the absorbent effect is practically
independent of the location of the absorbent material with
respect to the sound source. Again if sound be directed, the
absorbent material as a general rule should be located in the
area over which the sound is directed. Frequently the desired
effect can be obtained by the use of carpets.

The amount of absorbent materials to be used and the area
to be covered may best be determined by tests.

Certain wall surfaces, especially those broken up by pilasters,
cornices, coffers, etc. will diffuse the sound and thus eliminate
distinct echoes, and if those surfaces are absorbing, they will
also help to dampen the sound waves.

It is a known fact that the presence of an audience aids greatly
in decreasing reverberation, but at the same time increases the
amount of sound absorption, and also increases the noise level
in the room so that a greater acoustic power output is required
of the loud speakers than would be necessary for the same space
if no audience were present. Hence acoustic conditions may be
best determined when an average fixed audience be present
and the furnishings be all in place.

If sound absorbing materials have been utilized ir: the con-
struction of a building, then excessive reverberation of voice or
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musical instruments can be eliminated only by the employment
of acoustic treatment.

The proper location of loud speakers of a P.A. system in, for
example, a large reverberant room may be assisted to some
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FIG. 24—When the horns are placed in front of the microphone as shown, the
sounds will travel from the horns to the flat wall surface and then be re-
flected back, so that the reduced volume will be picked up by the micro-
phone and passed through the amplifying equipment out through the horns
again; i.e. a circuit is built partly of sound waves and partly of electrical
waves, and in the eluctrical path a great deal of amplification is obtained.
This circuit continues to build itself up until it develops a “‘sing” or ‘“‘howl”.
The point where the equipment starts to sing is called the ‘‘singing point’
and is the measure of the maximum amount of amplification which can be
used under these eonditions.

extent in overcoming the unpleasant results which are encoun-
tered with the unaided voice or unaided musical instruments.

Utilization of a P.A. system will permit the speaker to talk
in a lower and more natural tone of voice and yet reach each one
of his audience. It is evident that if a number of loud speakers
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are used, each assigned to a small part of the total area, the acous-
tic level of each individual loud speaker may be considerably
lower than would be the case if only one was operated.
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FIG. 25—By reference to fig. 24, it will be noted that placing the horn in the
most advantageous position is a rather difficult task. It is nearly impossible
to place the horns so that they will not have a direct throw at the edge of the
balcony. This sound path is much shorter than that shown in fig. 24. There-
fore if the horns are placed so that a direct path or short sound wave circuit
be built up around the microphone, it will be necessary to reduce the gain
of the amplifying equipment. Under the circumstances, the longer the
soundpath, the greater the gain on the horns without the tendency to sing.
This will explain the need of draping the walls for an inside installation. For
that same reason it is also advisable to drape the outside of the buildings,
bill boards, etc. on outside installations as well. It is evident that in an out-
side installation, consideration must be given to weather conditions to de-
termine in so far as possible, which direction the wind may be blowing dur-
ing the operation of the speakers. In addition, it is also advisable to deter-
mine as nearly as possible, the amount of outside noise sources that must
be taken into account, such as trains, airplanes, heavy trucks, automobile
horns, etc. Therefore arrange to place the horns as closely as possible to the
group that emanates the greatest amount of noise. In this manner the great-
est number of persons will be able to hear the system.
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“In case of excessive reverberation the following acoustic treat-
ment is reconmimended:

1. Care should be taken to point loud speakers away from the
microphone because of the fact that when projected sounds
reach the microphone in sufficient strength, it will be reinforced
again. This will give rise to a factor commonly known as
“singing”’. '

FIG. 26—Illustrating adjustable response type microphone. To increase
pitch, push button upward; to lower pitch push button down. This adjust-
ment according to the manufacturer will automatically take place without
introducing any peaks or undesirable effects. (Courtesy The Amperite Co.)

The loud speakers will if properly directed overcome poor local
acoustics, i.e., improve areas where local conditions for hearing
are poor.

2. Where, as in auditoriums, it is desired to use sound rein-
forcement equipment, it will be desirable to use drapes or other
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suitable acoustic treatment on the stage to make it relatively
non-reflecting or acoustically ‘“‘dead’’. This will aid materially
in reducing the amount of sound reflected back into the micro-
phone by adjacent surfaces and therefore, permits the use of
much higher amplifications without the production of the
“singing” effect already described.

3. Local sounding devices such as soundboards and the like
are unnecessary when a properly designed P.A. system is used.
It may introduce annoying acoustic conditions.

PUBLIC ADDRESS SYSTEM, MAINTENANCE POINTERS

Causes of Low Volume.—Low volume may pe caused by one
or a combination of the following:

1. Low Line Voltage.—This is generally common in rural
communities and especially at the tail end of long transmission
lines with insufficient capacity of conductors and transforming
equipment. Low-tube voltage results in reduced output.

2. Low Speaker Field Voltage.—If the field of the speakers
are improperly excited, there will be a considerable loss in
_ volume. .

3. Open Coils in Speakers.—The opening of a voice or field
coil will result in a reduced volume especially where a series-
parallel voice coil arrangement is used. In this type of connec-
tion, two or more speakers will be out of service in each case
depending on the particular wiring arrangement used.
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4. Faulls in Tubes.—When weak or faulty tubes are sus-
pected, check by analyzer to determine if the plate current con-
sumption be of proper value. When push-pull stages are em-
ployed, both tubes should have approximately equal plate
current drain.

5. Unresponsive Microphone.—This may be due to moisture,
large temperature changes, careless handling, or packing of
carbon granules. A weak microphone battery will cause a re-
duced current through the microphone buttons, and hence re-
duce the output from the microphone to the amplifiers.

Poor Sound Quality.—This may be caused by one or a com-
bination of the following factors:

1. Weak Tubes. See 4, on Low Volume.

2. Overloaded Speakers.—When volume of speaker is run
too high it will cause a chattering and distorted sound. The size
of the speaker should in each case conform with the power re-
quirements.

3. Singing of Speakers.—Cause and remedy for singing, see
page 443.

4. Faulty Microphones.—See 5, on Low Volume, this chapter.
In addition. try phonograph reproducer in phonograph input
taps if this provision is made and note result.

5. Field Excitation too Low.—If the field has improper ex-
citation, the frequency response of the speaker will naturally be
poor. This is because of sluggishness of the speaker unit to
lower impulses. This voltage should be checked and compared
to that specified by the manufacturer.
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No Sound.—When no sound is received, check for trouble
among the following items:

1. A transformer or resistance coil may have become opened
or short-circuited. Check for proper voltage across each sus-
pected faulty device.

2. Check tubes. A bum't out tube (except where tubes are
connected in push-pull or parallel) will interrupt the current
flow.

3. Microphone Troubles.—See (5) Low Volume, this chapter.

Wiring of Conduits.—Since the energy in the microphone
circuits is at a level considerably below that required in loud
speaker circuits, these circuits must be run in separate conduits.

If this be not done, the difference in gain between these cir-
cuits, due to the amplifiers, will cause electrical interference and _
may result in a singing noise in the output of the loud speakers.

Wiring for the observer’s communication system should also
be run in a conduit separate from these circuits, unless this
wiring be shielded. If shielded it may be run in the same con-
duit as that of the loud speakers, but should under no circum-
stances be run in the same conduit as the microphone circuits.

All microphone circuit wiring from the loud speakers and
observer’s communication circuit wiring should be términated
in separate terminal boxes. The circuits for microphones are
usually run so that when copper shielded wire is used, the copper
shield is used as the ground side of the circuit.

4

Wiring of Receiver Units.—In the voice circuits of re-
ceiver units, No. 14 B & S gauge twisted pair rubber covered
wire generally is used. The size of the wire, however, depends
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upon the length of the run from the amplifier to the receiver
units, the type and number of unit used, and also by the re-
quirements of each individual unit for the operation condition
presented.

The wire used must be in twisted pairs in order to provide a
balanced circuit. When receiver units which require a direct
current circuit for energizing the field coil are used, the wire for
tPe power circuit may be either in a twisted pair or parallel laid.

When an alternating current power circuit is used to supply a
rectifier located at the receiver then the power line should con-
sist of a twisted pair. No. 14 B & S wire is generally used for this
circuit, but the size depends again upon the length of run and
number and type of receiver units.

It should also be observed that receiver circuits of the low
impedance type which are used on relatively long runs, will
necessitate the installation of wires of larger carrying capacity.

Wiring of Amplifying and Control Equipment.—The ampli-
fiers and control equipment are generally mounted on steel racks
and are provided with marked terminals to facilitate the mak-
ing of proper connections.

When connecting the amplifiers and control equipment, it is
generally desirable to use shielded wire to prevent against possi-
ble feed-back between circuits of different levels. An illustration
of ppblic address system wiring is shown in fig. 8.

»» When making power connections to the amplifiers (110-volt,
60 cycle A.C.) it is desirable that the power leads-be run in
conduit from the power source to the amplifiers. Wire used for
this purpose should be rubber covered, It is also important that
all power circuits be properly fused to protect the equipment . ,
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Wiring of Communication Equipment.—The wires which
should be used for connecting the various observer’s communi-
cation stations to the control room proper is the same as that
used in ordinary telephone work. The size of this wire may be
No. 19 or 20 B & S or larger.

Rules for Antenna Wiring.—The antenna shall be erected
on suitable supports for roof mounting. The horizontal distance
between the supports should be 75 to 150 feet, so that an an-
tenna of that length may be stretched between them, at a
height of 25 feet from the top of the roof and remote from any
metal structure rising above the level of the roof.

The antenna shall be of No. 14 gauge stranded copper wire,
and shall be provided with suitable insulators. The lead in wire
from the antenna shall be No. 14 gauge rubber covered. This
wire shall be run to an antenna terminating panel located on the
roof and an antenna transmission line shall be run from this
panel to the control room in a half inch conduit and shall be
terminated at the receiver panel. The lead in wire shall be
brought in through the roof in an approved weather proof
fitting.

The ground wire shall be run from the control room to the
water pipe and shall be fastened to the pipe by an approved
clamp.

An approved lightning arrester shall be installed on the out-
side of the building clear of all woodwork within three feet of
the point where the wires enter the building.

All wiring shall be made to conform with the Underwriter’s
requirements. ,
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Example.—If by means of an input potentiometer the Dower out-
but of a certain amplifier can be varied between 0.1 wati and 10
walls. What is the power range in decibels?

Solution.—The decibel system of expressing the difference
between two power levels is now coming into everyday use, and
to-day it is quite common to express in decibels the range in
values which a receiver can handle. It is important to note that
the decibel is not a physical unit such as the “watt” or “volt”
but it might rather be called a comparative unit in that it
always expresses the comparison between the physical quanti-
ties. The units compared are usually those of power; thus, in
comparing one amount of power with another on a decibel
basis, we may refer either to the ratio between them or else to
the difference between them in relation to one of the powers.

The point to note is that a given amount of power is not
expressible in decibels; it is only when there is a comparison
stated or implied, that recourse is made to this unit. The deci-
bel number is thus equivalent to a ratio between two powers,
the nature of the equivalent being more precisely defined as
follows:

The difference between two power levels expressed in decibels
is equal to ten times the common logarithm of the ratio between
the two powers. Now if P; and P, be taken to represent two
power values, then the difference D, decibels in their power
level is given by equation (1) page 429 or—

In the present example the ratio between the two powers

.1
representing the extremes of the range is 0—01 or 100, the com-
mon log. of which is 2. Accordingly the difference between the
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two power levels is 10X2 or 20 decibels which thus expresses
the power range. Note that a power amplifier varying in output
from say 3 to 300 watts would have exactly the same decibel
range.

Example.—A - transformer coupled stage of audio frequency
amplification incorporates a device for tone conirol by the use of
which the effective amplification of the slage may be varied be-
tween three times and 0.15 times the amplification of the tube.
What is the amplification range of the tone control in decibels?

Solution.—Perhaps the simplest way of looking at the decibel
is to regard it as the unit in terms of which the difference be-
tween two power levels may be measured. Taking the symbole
P: and P, to represent two power values, then the difference
D, decibels, in their power levels is given by—

D=10(og. P,—log. P3)......c.cccu.... (5)

The difference in power levels thus depend upon the ratio
between the two powers. Since the decibel is defined in terms
of a ratio between powers, care must be taken in applying it to
measure ratios between other quantities such as currents and
voltage. Where it is desired to express a ratio between voltages
and decibels, first translate the voltage ratio in equivalent power
ratio. This can be done by making a convention, viz: that the
two voltages are arranged to operate across the same resistance
R ohms, so that the resulting power dissipation may be com-
pared. :

Thus, if the difference between E, and E; volts is to be ex-
pressed in decibels, the two powers are then E;? and E;* volts

2

and the power ratio isF:—, .
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Now substitute this for the ratio% in equation (6) obtaining:

D=101og. £%ie. D=20l0g. £ . ... @
2 2
In the example, voltage amplification is dealt with, which of
course is quite a different matter from power amplification.
Equation (7) will therefore apply,

E, being 3 XM while E, is 0.15 X M;

E: . 3
E is thus m—ZO

Whence, D =20 log. 20=20x1.301 =26.02 decibels.

Example.—A loud speaker whose inductance 1s 1.15 henries
is coupled to a power tube through a condenser of 2 mfds. To what
Jrequency will the combination be resonant?

| Selution.—This is obviously a simple exercise in finding the
resonant frequency of a series tuning circuit and the only point
calling for any remarks lies in the treatment of the units in-
volved. When the inductance L, and the capacity C, of a series
circuit are both expressed in fundamental units, for example,
henries and farads, the resonant frequency in cycles per second
is given by the well known formula

et
27~/L.C

In the present example, the condenser is of 2 microfarads,
capacity, therefore this must be expressed in terms of farads
before applying the formula: evidently it is 2X10-¢ farads
Substituting numerical values in the formula, the following is
obtained:




454 Public Address System

1
I=o X+/1.15X2 X 10-¢

which gives f=105 cycles.

Example.—An alternating current of amplitude 10 milli-
amperes and frequency 750 cycles, passes through a resistance of
50,000 ohms. What amount of power is dissipated in the resist-
ance? What power would be dissipated if the frequency were in-
creased to 1,000 cycles?

Solution.—It is first necessary to obtain the root mean
square (r.m.s.) value of the current, which is 0.707 times the
amplitude or in this case 7.07 m.a.

It is a sound rule in working out electrical problems to express
the quantities in fundamental units. In this case, express the
(r.m.s.) values in amperes, i.e. 0.00707 amperes. Now if an
(r.m.s.) current of I amperes flow through a resistance of R
ohms the power dissipated is given by I2R watts. Hence,

power (W)= (0.00707)* 50,000 =2.5 watts
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CHAPTER 22

Aircraft Radio

It is undoubtedly true that without the aid of radio, aerial
navigation would not have advanced to the stage where giant
airliners arrive and depart keeping time schedules unheard of
only a few years ago.
| As a matter of fact the airplane is rapidly closing in on such

proven means of transport as trains, ships and buses in regards

to exact time schedules in all sorts of weather.
‘ It is a recognized fact that the actual value of aircraft radio
installations depends entirely upon radio facilities provided on
ihe ground. Hence aircraft radio aids may be roughly divided
into two classes, namely:

1. Equipment located on ground !

2. Equipment located in the aircraft.

Radio aids to aerial navigation maintained by the Bureau of
Air Commerce are of the following three types:

1. Communication stations broadcasting weather informa-

tion, also available for radio telephony.

2. Radio range stations, radio beacons which work the airway
routes by signals which are particularly valuable when
clouds, fog, haze or smoke obscure landmarks or lights
which would serve as guide in clear weather.

3. Radio marker stations which indicate the locations of
strategic points on airway routes and are frequently
established at important intermediate landing fields.
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Point to point radio is part of the ground communication
system. Each airway in the United States has a weather report-
ing service consisting of Weather Bureau and Bureau of Air
Commerce observation station, together with a communication
network for collecting and discriminating these reports which on
some airways consists of teletypewriter circuits and on others of
point to point radio stations.

How the Airway Radio Beacon Operates.—With reference to
fig. 1, the directional radio range station operates principally as
follows: When the pilot is flying by radio guidance, he listens
for the Morse Code letters “A’’ dot dash and “N” dash dot.
If the two letters are heard in equal volume, they blend to-
gether into a continuous monotone, which is the signal to the
pilot that he is on the true course. If he moves to one side of the
course he hears the letter ““A” predominantly, if to the other
side he hears the letter “N”.

"By knowing the orientation of the off-course signals, or de-
termining it by reference to his air navigation map, he changes
his direction to get back to the line of flight where the prev10usly
described ““on course” is heard.

For station identification the directional 31gnals are punctured
at intervals of about 30 seconds by another Morse code combi-
nation distinctive for each radio range. This identification
signal is usually transmitted twice, first into the “N’’ quadrants
and then into the “A” quadrants.

Flying on course, the pilot hears the two-transmissions of the
identifying signal with equal intensity. As he moves away from
the course one of them begins to fade into the background until
finally only one is heard. This provides another guide for
quadrant identification.

If the pilot moves into the “N” quadrant, say, the “N”
signal predominates as the ““A” fades out, and in addition the
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first ' of the two station identifying signals becomes more
prominent—both indicating to the pilot that he is off course in
an “N” quadrant. This system of landing aid is known as the

aural radio range as compared with the visual radio range
described on page 468.

g
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FIG. 1—-Schematic disgre= fitustrating aircraft landing aid by means of radio
beacon

o
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FIG. 2—Tllustrating aircraft radio receiver. The pilot receives code and mes-
sages through head phones which are interconnected to receiver as shown.
(Courtesy Western Electric Co.)

Radio Marker Stations.—Radio markers indicate the location
of definite points on airway routes, and are in operation at a
number of important intermediate landing fields. A marker
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-

station’s signal consists of dot and dash combinations identify-
ing the station which may be heard for a distance of from 5to 7
miles.

FIG. 3—Interior view of traffic control tower of modern airport. Dispatcher is *
directing the landing and take-off of aircrafi by radio. The cabinet at the dis-
patchers right is the airport’s transmitter which puts his voice on the air.
Other cabinets contain air line receivers, each one responding to the fre-
quencies allotted to the respective lines. One receiver is utilized for recep-
tion of calls from itinerant flyers. On the desk are the loudspeakers working
with the receivers and controls fog lighting at the field, etc. (Courtesy West-
ern Electric Co. Inc.)
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FIG. 4—Schematic circuit diagram of marker beacon receiver set for operation
on 10,000 k.c.

-

They are transmitted on the frequency of the adjacent radio
range station. Since the power and range .are limited, the pilot
flying in or above the clouds and hearing these signals knows
that he is close to the transmitter and can determine his approxi-
mate position by reference to the location of the station as
shown on his air navigation map. "
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All three types of radio facilities, radio communicalion sta-
tions, radio range stations and radio marker stations are used by
the airman in a radio-directed flight. Keeping on his course by
following the radio range signals, he listens to the periodic
broadcasts of weather information and from time to time checks
his progress and position by reference to the signals of the
marker stations. He may also call a radio communications
station or an intermediate field for additional weather in-
formation. 3

Radio Compass Navigation.—The radio compass may be
utilized in two different ways. (1), To obtain the direction of a
transmitting station, and (2), to obtain position by means of
radio bearings from two or more stations.

When it is desired to obtain the direction, the pilot merely
turns on the radio compass receiver and moves the station
selector to the frequency of the station he desires to pick up.

This may be a commercial broadcasting station, a Depart-
ment of Commerce radio range station or any other type of
transmitting station that sends out signals either continuously
or at frequent intervals, and within the receiving range of the
compass.

He tunes on this station until the maximum volume is re-
ceived and from that time on he merely watches a needle on his
instrument board which is pointed vertically at zero. If the
plane veers off to either side, the needle will move accordingly
and hence provide a warning that the plane is deviating from
its course. Therefore, the aviator’s only duty is to fly the plane
in such a direction that the needle constantly points to zero.
His course will lead directly to the radio station and from there
he points himself to the landing field.
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RADIO,
STATION C

NEEDLE POSITION
WHEN PLANE 1S
OFF TRUE COURSE

NEEDLE POSITION
WHEN PLANE IS
ON TRUE COURSE

NEEDLE POSITION
WHEN PLANE IS ABOUT
TO CONTACT RADIO
BEACON EMITTED

FROM STATION °C’

FIG. 5—Simplified representation of needle deflection vs. flight direction with
respect to the location of radio transmitting station.
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The Radio Compass as a Position Finder.—When it be desired
to establish the position, the pilot establishes the direction to-
ward a radio station as previously described, or by rotating
the loop antenna obtains a bearing from his magnetic compass

- and draws a line on his navigation chart to indicate this.

~  RADIO STATION "A

DISTANCE OBTAINED
FROM
NAVIGATION CHART

COURSE Of FLIGHT

RADIO STATION 'B°
\

FIG. 6—Tllustrating method of determining position by means of radio com-
pass. As the surrounding territory shown on air navigation chart is laid out
in scale, it follows that the intersection of the two lines gives the approxi-
mate location of the aircraft. It is evident that the accuracy of position so
obtained will depend on such factors as: flying speed; angle and distance
between aircraft and stations; accuracy of instruments; skill of navigator,
etc.

When he takes a bearing on another station and draws the
corresponding line on his chart, the airplane’s position is at the
intersection of the two lines. The utilization along the airways
of the radio compass, in conjunction with the radio beacon sta-
tions greatly simplifies the problem or orientation.

S
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For example, if the pilot is off the radio beacon course and
wants to get back to it, the radio compass is of assistance. It
also simplifies the process of proceeding to the landing field
when the pilot has reached the radio range station.

ANTENNA
MOUNTING

&-—CABLE
NN
> \\\\‘
> NS
INPUT RADIO
TRANSFORMER R_ECEIVEH

LOOP ANTENNA
WITH
ANTENNA MOUNTING

VIG. 7—Radio compass attachment assembly diagram. (Courtesy Western
Electric Co. Inc.)

Since it may be used in conjunction with any radio station
within its receiving range, the radio compass is an aid for off-
airway flying—for flights by various commercial operators and
private flyers when these follow routes which are not marked
by Federal Air Navigation Aids.
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Commercial Radio Compass.—Among the several commercial
radio compasses at present available, the compass shown in
fig. 7 consists of the following units: A loop antenna with attach-
ments; a control unit from which the loop antenna is controlled

FIG. 8—Aircraft loop-antenna. (Courtesy Western Electric Co. Inc.)

by means of a flexible shaft; an input transformer connected
between the radio receiver and the loop antenna and which
facilitates the timing and permits the separation of the loop
antenna and the receiver of a distance of up to 25 feet.

This system of coupling the loop to the radio receiver offers
a great advantage to transport air lines. Because of the unique
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coupling arrangement two or more receivers may be tracked
‘nto the same loop and the transmition line between the loop
rnd the receiver switched by means of a plug and jack relay or
ordinary toggle switches.

FI? !;—Aircraft loop-antenna control unit. (Courtesy Western Electric Co,
nc.

The fact that one loop may be used with either beacon re-
ceiver is of great value and this is only possible because of the
coupling system employed in the radio compass attachment.

The radio compass loop is surrounded by an electrostatic
shield which enables the pilot to fly through atmospheric dis-
turbances such as rain, snow, sleet or dust static which ordi-
narily paralyzes his receiver when used with a simple wire
antenna.

The gear ratio between the control unit and the loop as
shown in fig. 7 is 264 to 1, which permits extremely accurate
adjustment of the loop. The position of the loop is indicated
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on the face of the control unit by the position of the needle
and by means of a removable cord it is possible for the user to
correctly calibrate the control unit for his particular plane.

FIG. 10—Aircraft position finder, facilitating orientation when used in con-
junction with the radio compass. g

Aircraft Position Finder.—An aircraft position finder to be
used in conjunction with the radio direction finder has recently
been put on the market by the Air-Track Mfg. Corp., Inc.

This instrument shown in fig. 10 consists of a circular metal
frame 814 ins. in diameter containing three movable transparent
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discs. The top disc is removable and contains an airway map,
accurately scaled down from a full size map by photographic
process, showing all radio range stations within an area 520
miles in diameter. The entire airway system in the United
States is covered by 16 such discs, allowing ample overlap.

The other two discs are marked with parallel'lines, scaled
10 miles apart. The discs are rotated by three knobs through
gears cut in the circumference of the discs. The frame is grad-
uated in 360°.

In operation, the map is first oriented to the compass course
being flown. Radio bearings on two stations are then obtained,
and transferred to the instrument by setting the two discs with
parallel lines to show the bearings in degrees. Position of the
airplane is then given by the intersection of the lines passing
through the selected radio stations.

When using the instrument for off-airway flying, a special
blank matt disc is provided. On this the radio range stations
may be traced in pencil from Bureau of Air Commerce radio
facilities maps. The matt disc is sufficiently transparent, and
can be used repeatedly after erasures. !

Visual Radio System Landing Aid.*—To land| an aircraft
safely at an air field completely blanketed by fog', it is neces-
sary for the pilot first to find the vicinity of the air field and
second to reach a suitable point of landing.

Radio range beacon system previously described and now in
operation on the civil airways in the United States, renders the
solution to the first part an accomplished fact.

Here the pilot following the beacon signals as described is
guided directly over the beacon stations which ordinarily are

*The system briefly described is developed by the U. S. Department of
Commerce, Bureau of Standards. Other systems of commercial application of
instrument landing aid in this country are: The Air-Track, Bendix and I. I. &
T. Lorenz. |
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located within a few miles of the airport, and thereby learns the °
exact position with respect to the airport.

The second part of the problem requires information on the
position of the landing aircraft in three dimensions. Lateral
and longitudinal guidance are required to determine the direc-
tion of landing and the boundaries of the landing field, while
vertical guidance is necessary for the determination of altitude
and of the freedom of the landing path from obstacles. In the
system of radio landing aids three elements are utilized to give
the necessary guidance in three dimensions.

The runway localizing beacon gives indications of the lateral
position of the aircraft with respect to the airport and permits
keeping the aircraft directed to and over the desired landing
runway. A 200 watt transmitting set of the visual beacon type,
operating in the beacon range of frequencies (200 to 400 kc.) and
feeding two small, multi-turn loop transmitting antennas, is
employed.

One of the beacon courses produced is oriented to coincide
with the desired landing direction, depending on the wind con-
ditions. On the aircraft the receiving set normally used by air
transport operators for the reception of radio range-beacon
signals and airways weather broadcasts is employed for re-
ceiving the runway-beacon signals. This set is supplemented by
a reed converted to convert the beacon signals to pointer type
course indications, and also by an automatic volume control
unit whose function is to relieve the pilot of the burden of con-
tinuously adjusting the sensitivity of the receiving set as the
distance between the aircraft and the ground station changes.

The course indicator consists of the vertical pointer of a
combined instrument shown in fig. 12. This pointer is pivoted
about its lower end and swings left or right of a vertical index
line depending upon whether the aircraft is on one side or the
other of the runway course.
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A reversing switch is provided so that the deflection of the
pointer and the direction of deviation of the aircraft coincide
whether the aircraft is flying away from or toward the beacon.

Vertical guidance of the aircraft is given by a horizontally
polarized ultra-high frequency landing beam directed at a small
angle above the horizontal and used in such a way as to provide
a very convenient gliding path for the landing aircraft. The
frequency of operation is 90,800 kilocycles (3.3 meters).

- /

FIGS. 11 and 12—Indicating instrument on the aircraft for utilizing the radio
system of landing aids.

On the aircraft a simple ultra-high-frequency' receiver is
used, fed by a transmission line from a horizontal half-wave
receiving antenna which is located in the wing slightly ahead
of the leading edge. The rectified output from this receiving
set operates the horizontal pointer of the combined instrument
shown in fig. 12. The receiver sensitivity is so adjusted that the
line of constant received signal below the inclined axis of the
beam, corresponding to half-scale deflection of the horizontal
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pointer, marks out a landing path which is suitable for the air-
craft and airport considered.

The horizontal index line across the face of the combined
instrument represents the point of half scale deflection and
corresponds to the proper landing path. The horizontal pointer
represents the position of the aircraft relative to this path. A
rise of this pointer above the horizontal index line indicates that
the aircraft is above the proper landing path, while the reverse
is true if the pointer falls below the index line.

FIG. 13—Typical course indications with combined instrument. The positions
of the aircraft as indicated on the instrument; 1, on proper spatial landing
path; 2, to the left of desired landing direction and too low; 3, to the right
of desired landing direction and too high.

Consideration of the operation of the combined instrument
will show that the point of intersection of the two pointers
represents the position of the aircraft relative to the desired
landing runway and the proper landing path. Fig. 13 shows
three typical readings on the combined instrument. The co-or-
dination of the two sets of course indications into a single read-
ing is of utmost importance to the pilot, relieving him of the
need for considerable mental effort. Deviations from both
courses may be corrected simultaneously.

By keeping the pointers crossed over the small central circle
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on the instrument face, a suitable spatial ianding path is fol-
lowed down to the point of landing. Longitudinal position of
the aircraft as it approaches the airport is given by the com-
bination of a distance indicator on the aircraft with the aural
signals received from two marker beacons. |

The distance indicator, see fig. 11 consists simply of a direct
current milliammeter connected in the plate supply to the
radio frequency amplifying tubes of the beacon receiving set.

FIG. 14—Typical aircraft instrument panel arrangement. This layout is based
on the principle of having as nearly as possible all the direction indicating
instruments in a vertical row and all the instruments giving altitude in a
horizontal row. In accordance with this arrangement the combined instru-
ment (because of its vertical pointer) is placed in a vertical row with the
gyroscopic compass at the top and the magnetic compass at the bottom. The
horizontal row contains from left to right: The tachometer; the air speed
indicator; the gyroscopic artificial horizon; the rate of climb indicator, and
the barometric altimeter. |
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Since the automatic volume control operates to increase the
negative biasing voltage on the grids of these tubes with in-
creasing input voltages to the receiving set, the plate current is
approximately inversely proportional to the field intensity of
the runway beacon. The instrument may therefore be calibrated
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FIG. 15—Schematic circuit diagram of landing beam receiving set. The set
comprises a detector and two stages of audio frequency amplification. The
detector is untuned, a simple high-pass filter being interposed between the
detector input circuit and the transmission line feeding itin order to minim-
jze interference from sérvice operation on lower frequencies. The output
from the receiving set passes through a mechanical filter tuned to the modu-
lation frequency at the transmitter (60 cycles) which provides further free-
dom from interfering signals. Adjustment of the sensitivity of the set is ob-
tained by means of a variable condenser shunting the input to the detector

grid.
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in miles from the beacon (say, 0 to 5 miles). The distance indi-
cation secured is approximate only, but is sufficiently accurate
for all necessary maneuvers of the landing aircraft at distances
from the airport of the order of 1 to 5 miles.

Absolute indication of the longitudinal position of the air-
craft when near the airport is given by aural signals from two
low port marker beacon transmitters. One marker beacon is
located about 2,000 feet from the approach end of |the airport
while the other marker defines the boundary or edge of the
landing field.

Different modulation frequencies are employed for the two
marker beacons to facilitate ready identification of the one
being passed over; the marker beacon at the field boundary
having a modulation of about 250 cycles and the approach
marker beacon a modulation of 1,250 cycles.

. The marker beacon transmitting antennas provide for great
flexibility of operation; any portion of the landing field bound-
aries and approaches may be defined, and any | radio fre-
quency may be used in the range of from 200 to 20,000 kilo-
cycles.

Advantages of the Landing Beam.—The advantages of the
landing beam are as follows: ' ‘

1. The landing path may be so directed that a landing air-
craft following the glide path is automatically kept above
obstruction without requiring exact knowledge of the territory
over which he is passing.

2. The average landing path may be made to suit the particu-
lar airport merely by adjusting the power of the landing beam
transmitter. Each individual aircraft may follow a path depart-
ing considerably from the average landing path and more
closely suiting its flying characteristics simply by Tm ad]ust-
ment of the sensitivity of the landing beam recewmr




FIG. 16—Depicting the principle of blind landings with the aid of the bent radio beam. The bent beam
(shown dotted) gives the pilot approaching the landing field a definite gliding path to follow. Encircled
letters indicate: A, glide path; B, runway localizer beam; C, marker beacon at end of runway or edge
of filed gives pilot audible signals as he flies through it; D, airport beam transmitter; E, airport control
tower containing monitor unit indicating operation of landing system and apparatus for two-way voice
communication with pilot. The position ¢{ the aircraft as indicated on the combined instrument are: 1,
to the left of gliding path and too low; 3, to the right of gliding path and too high; 5, on course and on
gliding path, etc.

oIpey 3yRINY

SLy



476 Aircraft Radio |

The power adjustment at a given airport to secure a suitable
average landing path and the sensitive adjustment on each air-
craft to depart by a desired amount from the average path once
made, are permanently fixed. A given aircraft then follows an
optimum landing path at all airports equipped with landing
beams.

3. The shape of the landing path is such that the aircraft
maintains safe flying speed in following the landing path indi-
cations up to the point of receiving the boundary marker
beacon signals. Thus the aircraft engine is kept at a safe operat-
ing speed during all maneuvers outside the airport boundaries.

4. The landing glide may begin at any desired altitude within
a rather wide range. Beginning the use of the landing beam
does not, therefore, involve accurate location of any point at
specific distance from the airport, but comes automatically so
long as the pilot is following the runway beacon course in the
correct direction and at an altitude within the prescribed limits.

Sonic Altimeter Principles.—On account of the fact that air-
craft must fly near ground for a considerable time in connection
with take-off and landing, it is obviously necessary that for
safety of these operations some means be provided to guide the
operator to instantly and automatically give his correct altitude
above the ground. |

Under ordinary circumstances it may seem that Ithe visual
judgment of distance by a skilled operator would eliminate this
problem, however, sometimes visual observations are impos-
sible on account of darkness, fog or a heavy storm, hence some
instruments for measuring height above ground is néeded.

Various barometric altimeters it seems could be utilized for
this service, but only if the existing barometric pressure and the
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local elevation above the sea level are known. Another detri-
mental factor is that the ordinary barometric altimeter whose
hand makes one revolution for 10,000 feet altitude, will not
have sufficient sensitivity to be of service in a landing opera-
tion, for example, under any circumstances.

Parallel with the constantly improving design in aircraft and
various instruments for their safe operation, a great number of
devices for measurement of altitude has been developed.

General Principles.—Such devices, generally called alti-
meters or Sonic altimeters, depend on their functioning upon
the reflection of either an electromagnetic or sound wave from
the ground surface.

Various experimenters have been able to produce practical
instruments using sound waves, but there is presently no record
of similar successful efforts with any other schemes.

The Sonic altimeter has three essential parts:

1. An emitter which sends out a brief sound signal at con-
trolled intervals.

2. A receiver which detects the echo of the signal when it
returns from the earth, and

3. A chronoscope which measures the time interval between
signal and echo.

Since the velocity of sound in air is substantially constant,
t.he chronoscope is ordinarily calibrated directly in altitude for
nome average set of conditions.

General Requirements.—With reference to figs. 17 and 18,
the essential geometrical features and design of the Sonic
altimeter principles will be obtained.




. 478 Aircraft Radio

The sound source or emitter E, sends out a sound signal which
strikes the ground, reflects upwards again and is picked up by a
receiver at R.

The apparatus is completed by a chronometer which meas-
ures the time interval between the signal and its echo, which is a
function of the airplane speed, the speed of the sound and the
altitude.
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FIG. 17—Conventional geometrical representation for calculation of actual
altitude of airplane.

Various manufacturers of altimeter instruments differ only
in the means used for carrying out the previously mentioned
functions.

With reference to fig. 17, observing the horizontal movement
of the plane during the time of signal emittance and receipt of
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echo, the actual altitude derived from the triangle will be ob-
tained as follows:

ha= 5 \J1 ‘(f‘_%)z in which
Cc
¢ =velocity of sound
V =airspeed of plane
{=time interval between sending and receiving
ha =actual altitude.

On account of the fact that the speed of sound is almost con-
stant (being 1,090 ft. per second in air) and the airplane speed
has a small effect under ordinary conditions, the echo time is
almost proportional to the altitude of plane.
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FIG. 18—Diagram showing co-ordination of apparatus usually employed in
Sonic airplane altimeters.
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FIG. 19—Typical altitude indicator which may be read directly in feet or
meters or with a conventional multiplier, the indicator being located on the

airplane instrument board.

210 & 17%
v FILARENTS

1o Jours 13 3

FIG. 20—Schematic circuit diagram of marker beacon transmitter set. The

transmitter is enclosed in a weatherproof box and is completely shielded to
prevent direct radiation.
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CHAPTER 23

Marine Radio Equipment

The Federal Communications Commission, by virtue of
authority granted to it by the Communications Act of 1934, has
promulgated various specifications and regulations applicable to

‘ship-board radio installations. Most of these regulations are

found in its General Orders and its rules and regulations.

FIG. 1—Photographic view of S.S. Manhattan. View of radio room and equip-
ment shown in fig. 2.

The International Convention for the Safety of Life at Sea,
held in London in 1929, adopted a number of new and impor-
tant regulations effecting radio in commercial marine service.

The United States Senate ratified the Convention on June
19, 1936 and this ratification was deposited with the British
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Government on August 7, 1936. On November 7, 1936, the pro-
visions of the Convention became effective for vessels of United
States registry.

The radio provision of the Convention apply to all ships of
international voyages, except vessels of less than 1,600 tons gross.

FIG. 2—Illustrates equipment in radio room on board S.S. Manhattan.
(Courtesy Mackay Radio & Telegraph Co.)

A cargo ship is ‘‘any ship not being a passenger ship” and a
passenger ship is defined as any ship which carries more than 12
passengers. Any person carried on a ship, other than its officers,
and the crew actually required to man and operate it; persons
employed to carry on the business of the ship and persons who
have been rescued from shipwreck, distress or similar situations,
are deemed passengers.

Radio Equipment Required.—The Safety Convention made
the following requirements as to the radio equipment:
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1. A main radio radio-telegraph transmitter with a normal
range of at least 100 nautical miles to operate on 375 to 500 &.c.
and at least one working frequency in the band 350-485 k.c.
with A-2 (modulated) emission, or ‘B (spark) emission if the
transmitter was installed prior to January 1, 1930.

2. An emergency transmitter similar to the main transmitter
except that a normal range of at least 80 nautical miles is re-
quired.

3. A main radio receiver, 350 to 515 k.c. and 100 to 200 k.c.
for reception of A-1 (continuous) waves, A-2 (modulated)
waves and B (spark or damped) waves.

4. An emergency receiver, 350 to 515 k.¢. with provision for
using a crystal rectifier (detector).

5. For emergency operation, a source of power supply inde-
pendent of the ship’s main power supply, with capacity for six
hours of operation.

The emergency transmitter and receiver are not required if
the main transmitter and receiver also comply with all the re-
quirements for the emergency equipment.

An independent communication system between the radio
room and the bridge, emergency lights, seconds-hand clock,
spare parts, and tools constitute other equipment required by
the Safety Convention. :

Passenger vessels of 5,000 tons gross and upwards are re-
quired to be equipped with an approved radio direction finder
(radio compass). Also where the number of life boats carried
exceed thirteen, one is required to be a motor boat fitted with
an approved radio-telegraph installation.

If the number of life boats exceed nineteen, two of them must
be motor boats each equipped with an approved radio telegraph
installation.

The life boat radio equipment must comply with the F.C.C.
specifications which calls for A=2 emission on 500 k.c. with a2
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|
minimum of 75 watts plate input to the stage supplying power
to the antenna. The antenna must be an inverted “L” or “T”
and not less than twenty feet above the water line, with a maxi-
rmum practicable length.

The life boat receiver must cover the band 350 to 550 k.c.
with reception of A-1, A-2 and B waves. A suitable storage
battery in the life boat to provide continuous operation for at
least six hours is required.

The rules for cargo vessels are in general similar to those out-
lined above for passenger vessels with the following exceptions:
A direction finder is not required. The use of an approved auio-
malic alarm (see page 519) is permitted on cargo vessels, pro-
vided at least an 8-hour watch per day in the aggregate is main-
tained by a qualified radio operator. The automatic alarm is
required to be in operation whenever the operator is not on
watch while the ship is being navigated outside a harbor or port,
including periods when the direction finder is in use. A separate
emergency transmitter and receiver are not required on cargo
vessels, provided the main installation complies with all the
provisions affecting the emergency installation.

Where a main transmitter on a cargo vessel is thus affected,
this is sometimes accomplished by providing a storage-battery,
emergency-power supply to operate the transmitter at 50 watts
output. The main receiver normally uses storage batteries for
filament supply and dry batteries for plate supply, and if also
arranged for crystal-dector reception, will comply with the re-
quirements for the emergency receiver, provided six hours
reserve battery capacity is available. l

Marine Radio Telegraph Transmitters.—The intermediate
frequency band of 375 to 500 k.c. (800-600 meters) is of very
great importance for radio communication in maritime mobile
service. |
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Due to the various specifications and regulations applicable
to ship, which of necessity must be international in scope, it is
true that practically all of the approx. 15,000 vessels through-
out the world which are equipped with radio apparatus are
capable of communicating in the intermediate band.

FIG. 3—Typical shipboard radio equipment installation.
Note: Radio compass switch and frequency meter. The output of radio tele-
graph transmitter’s IF-HF is 100 watts. In case of failure in the ship’s
normal power supply, the emergency equipment provided will automatically
go into operation. (Courtesy Mackay Radio & Telegraph Co.)

The 500 k.c. (600 meters) is used universally for distress calls
while the 375 k.c. channe] at the other end of the band is em-
ployed when a vessel transmits to shore radio compass stations
for radio bearings.
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Frequencies between 375 and 500 k.c. are used for message
traffic between ships and shore and from ship to ship.

Low-powered Transmitters.—Shipboard transmitters of late
design make use of closed oscillator or tank circuits, loosely
coupled to the antenna.

Such circuit arrangements when properly designed are effec-
tive and find considerable application for low-powered trans-
mitters.

High or Medium Power Transmitters.—In this 'type the
master-oscillator power-amplifier type of circuit offers several
advantages. The output frequency is determined in the master-
oscillator circuit, which in turn supplies grid excitation to the
power amplifiers. i

Improved overall efficiency is obtained, compared to simple
oscillator tank circuits, because it is not necessary for circuit
stability to maintain such a large amount of circulating energy
in the power amplifier tank circuit. Care must be taken how-
ever, to minimize harmonic radiation when the' power ampli-
fier tubes are operated at high efficiency. '

Forms of Signalling Waves.—Two forms of isignalling are
desirable in an intermediate frequency shipboard transmitter.
Continuous waves (A-1) are necessary for transmission with the
minimum amount of interference to other stations and to per-
mit highly selective receivers to be used. Modulated wave sig-
nalling (A-2) is also required for use in distress, for calling pur-
poses, and other cases when it is desired to make contact with
another station as quickly as possible.

Automatic break-in operation is of value so that transmission
and reception can be carried out on the same antenna and to
enable the local receiver to be effective instantly whenever the

transmitting key is open.

|
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Typical Marine Radio Telegraph Transmitters.—The radio
telegraph transmitter shown in fig. 4 combines the intermediate
and short wave band transmitting unit into one set; one panel,
one set of vacuum tubes and one set of power machinery for both
transmitting units.

FIG. 4—This transmitter operates in the marine wavelength bands between
375 and 500 kilocycles (600-800 meters) and 5,500 to 17,000 kilocycles
(17-54 meters). The band from 375 to 500 kilocycles is the one generally
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The transmitter is contained in a metal framework which is
enclosed by metal sides and doors. In the lower portion are
located the high voltage transformer, rectifier and filter system
while the upper portion houses the radio frequency and control
circuits. The entire transmitter is mounted on a protective
cushion support at the bottom and is supported at the top by
coil springs fastened to the overhead as shown in fig. 2. This
minimizes the effects of ship’s vibration on the internal appar-
atus.

The transmitter uses a Master oscillator——pdwer amplifier
type of circuit employing one air-cooled vacuum tube in the
oscillator circuit and one air-cooled tube in the amplifier circuit.
The construction of the transmitter is such that the same
vacuum tubes are used in either the short wave or intermediate
wave ranges. A suitable transfer switch is provided which allows
quick transfer from one operating range to the other. In general,
the inductances and condensers for the short wave portion of the
transmitter are mounted immediately behind the front panel,
while the larger coils and fixed condensers employed in the inter-
mediate wave range are mounted in the rear portions of the

—— |
FIG. 4—Text continued. !

used for short and medium distance communication, radio compass bear-
ings, distress purposes, etc. and complies with the laws governing radio in-
stallations on board ship. The band between 5,500 and 17,000 kilocycles is
used for long distance communication and is commonly known as the short
wave band. Transmissions on this band have the peculiar property of carry-
ing extremely long distances with comparatively low expenditures of power.
Many thousands of miles can be covered and communication maintained
with this country from almost any part of the world under normal conditions
with this type transmitter. The complete transmitting equipment consists
of the following : Radio telegraph transmitter; two radio motor generator sets;
two magnetic starters and one for each radio motor-generator, transmitting
and mercury vapor rectifier tubes, including hand key and spare parts.
(Courtesy Mackay Radio & Telegraph Co.) ‘

|
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unit. The perforated door on the front of the panel provides
access to the two vacuum tubes. The doors at the bottom pro-
vide access to the rectifier and filter systems. When operated in
the intermediate frequency band, five predetermined waves are
quickly obtainable by manipulating the “wave changer’’ switch
and the antenna tuning control.

Operating controls and indicating meters are all conveniently
located on the front panel. These include controls for effecting
wave changes, antenna tuning, filament and plate voltage
control, CW and ICW operation, etc. and various meters.

Operation on the short wave bands is simple, any one of the
six marine bands being available by means of tap and selector
switches and variable controls. Shifting from intermediate to
short wave operation is accomplished by means of the “IF-
HF’ switch and the antenna change switch. A short wave wave-
meter is incorporated in the transmitter which enables the oper-
ator to tune to the exact wavelength desired. The marine oper-
ating frequencies between 5,500 and 17,000 kilocycles (17-54
meters) can be easily changed to meet the requirements of the
time of day or range of communication desired.

Safety-door interlock switches on the tube compartment door
and base section doors remove all high voltages if the doors be
opened while the set is in operation, thus providing safety to
operating personnel. The lower portion of the transmitter con-
tains a step-up transformer, two rectifier tubes, and associated
control circuits. The step-up transformer boosts the low voltage
360 cycles a.c. from the motor generator to approximately
2,000 volts, which in turn is converted into d.c. by means of the
two rectifier tubes and filter circuits. By means of the CW-ICW
switch either pure d.c. is delivered to the plate of the trans-
mitting tubes for CW (continuous wave) operation or 720 cycle
pulsating current for ICW (interrupted continuous wave)
operation.
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The power input to the transmitter is furnished by two motor
generator sets which operate from the ship’s power supply to

e

FIG. 5—Transmitter designed to operate in the intermediate frequency range
of 375 to 500 k.c. (600-800 meters) and its operation on both continuous
wave (CW) and interrupted continuous wave (ICW) are provided for.
The complete transmitting equipment consists of: radio telegraph trans-
mitter; radio motor-generator set; magnetic starter for motor-generater
with push button station; the various transmitting and rectifier tubes, in-
cluding hand key and necessary spare parts. (Courtesy Mackay Radio &
Telegraph Co.)
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generate the necessary voltages for supplying the filament and
plate power to the transmitter.

Another type of shipboard radio telegraph transmitter is
shown in fig. 5. This transmitter is commonly used on ships
whose type of service or trade route require communication at
medium distances. It operates in the intermediate frequency
range of 375 to 500 k.c. (600-800 meters) and will deliver 500
watts into the average ship’s antenna. Both continuous wave
(CW) and interrupted continuous waves (JCW) are provided
for.

The various units composing the transmitter is housed in
metal framework and completely enclosed with metal panels. The
lower part of the transmitter contains the rectifier and filter cir-
cuit, while the upper section houses the transmitting tubes and
radio frequency apparatus.

The methods of mounting is similar to that of the previously
described unit namely, protective cushion supports to mitigate
vibration effects. The top of the cabinet is supported by coil
springs fastened to the overhead in similar manner as shown in
fig. 2.

The transmitter uses a master oscillator-power amplifier type
of circuit employing one air-cooled tube in the osciBator circuit -
and one air-cooled tube in the amplifier circuit. Through oper-
ation of the wave changer switch any one of five pre-determined
frequencies may be secured.

Resonating the antenna by manipulation of the antenna tun--
ing control, completes the adjustment necessary in effecting a
change in wavelength. Operating controls and indicating meters
are conveniently located on the front panel, including controls
for wave changing, antenna tuning, filament and plate voltage
control, CW and ICW operation, and meters for indicating the
line, filament and plate voltages, and grid, plate and antenna
currents.
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A perforated door in the center of the front panel allows
access to the vacuum tubes and also provides an outlet for the
cooling stream of air forced through the transmitter by a blower
located in the base.

PULLEY

/ANTENNA

Qe pe—
|- [ —

Qe —_—

INSULATOR

<«—HALYARD

FIG. 6—Ship antenna of the flat-top inverted ‘‘L” type, showing conventional
method of lead-in and deck-insulator details. .

The doors to the lower section provide access to the rectifier
and filter apparatus, and plate and filament transformers. All
external connections except the antenna are made to the term-
inal board mounted in this section. The receiver break-in lead
is also brought into this section by a shielded conductor and
connected to the keying relay.

Safety-door interlock switches in the tube compartment door
and the base section doors remove all high voltages if the doors
be opened while the set is in operation, thus providing safety to
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operating personnel. Other safety devices guard the circuits
from the danger of overloading and thus make the transmitter
as near ‘‘fool-proof’’ as possible.

L

FIG. 7—All wave marine radio receiver. With coils and coil rack. (Courtesy
Mackay Radio & Telegraph Co.)

Power Equipment.—The radio motor generator usually con-
sists of a single unit, two ball-bearing machine with the motor
operating from the d.c. ship’s mains, arranged through slip rings
on the motor to provide 60 cycle a.c. power for lighting the
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T

filaments of the transmitting and rectifying tubes, and generator
to supply 1,500 watts of 360 cycle a.c. power for application
to a transformer in the lower section of the transmitting where
it is stepped up to approximately 2,000 volts.

The rectifier and filter apparatus then converts this power
into pure d.c. for CW operation or 720 cycles pulsalting current
ICW operation. This allows the use of low voltage generating
equipment, thus reducing the hazards existing with high voltage
d.c. generators. It also allows the use of low voltage wiring be-
tween the motor generator and the transmitter unit.

A magnetic starter of the time limit type is furnished, which
is controlled by a push button station located at the operating
position, within convenient reach of the operator. |
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CHAPTER 24

The Radio Compass

and

Principle of Operation

tAm
The radio compass is an instrument for observing by means
of radio, the direction of a station emitting radio signals;
briefly, in aerial and marine navigation, it is an instrument for
taking radio bearings.

Operating Principles.—Since the radio compass is built
around the loop antenna it is necessary to understand its princi-
plesof operation before undertaking a study of the other units.

The radio compass utilizes the directional receiving properties
of the coil, which consists essentially of several turns of wire
wound into a large coil. This coil will receive the radio signals
with maximum intensity when the plane in which the coil is
wound is in the line of the direction to the transrmttmg station.
See fig. 1.

As may be observed from the diagram, the minimum is well
defined, and the maximum is not, hence it is evident that the
strength of the signal varies rapidly with the movement of the
coil near minimum, but very slowly with the movement near
the maximum.
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It is for this reason that the minimum is utilized in observing
bearings. If it were not for this, there would be great advantages
in taking bearings on the maximum, on account of greater
audibility and thus diminishing the interference effect.

The coil or loop antenna part of the compass operates on
the principle that the amount of electronotive force induced
in a vertical loop of wire by an arriving electromotive wave,
depends on the angle between the plan of the loop and the wave
front.

MAXIMUM

FIG. 1—Tlustrating directional effect of radio waves on the loop-antenna part
of tlie radio compass.

In a rotatable coil of practical size the voltage induced by
radio signal is very small. Hence for use of such small coil for
radio compass purposes, it is necessary to generate a great
amplification, and it was the utilization of the multistage
vacuum tube amplifier which made the instrument usable for
marine and aerial navigation.

As previously asserted, the radio compass utilizes the direc-
tional receiving properties of the coil type of the antenna. To
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further facilitate the understanding of the instrument, an
analysis of the behavior from the point of view of the magnetic
field is as follows:

It is a-well known fact that the radio waves emanate from
the transmitting stations in all directions, very much the same
as water waves on the surface of a quiet pond when a stone is
dropped in. The length of a radio wave is the distance between
successive crests of the wave; the number of crests passing a
given point per second is the frequency, and the product of the
wave length and frequency gives the velocity of the radio wave.
The product of these two factors (wave length and frequency)
is always about 300,000,000 meters (186,300 miles) per second.
Radio waves are accompanied by a magnetic force which is
horizontal and at right angles to the direction in which the
waves are traveling.

As a radio wave passes a given point the magnetic force, or
field strength, varies from moment to moment from a maximum
in one direction through zero to a maximum in the other direc-
tion: At a given point the cycle from maximum in one direction
back to maximum in the same direction is performed in a very
small fractional part of a second. For a wave length of 300
meters this cycle is performed in one-millionth of a second.

If a coil of wire is held in a fixed position, such that the lines
of magnetic force thread or pass through the coil and are not
parallel to it, while the magnetic field varies in intensity, as is
the case with that accompanying the radio wave, an electromo-
tive force or voltage will be induced in the coil.

Since the magnetic force is horizontal and may be thought of
as forming circles around the transmitting source, the compass
coil when turned with its plane parallel to the direction of the
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FIG. 2—Typical Marine radio compass installation. (Courtesy Western Elec-
tric Co.)
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transmitting station is threaded by the maximum number of
magnetic lines of force, and the signal heard in the telephone
receivers is a maximum. When the plane of the coil is turned at
right angles to the direction of the transmitting| station, no
magnetic lines of force thread through the coil, and therefore
no voltage and no current are induced in the coil and no signal
will be heard in the telephone receivers.

|
The Marine Radio Compass.—A radio compass frequently
found on board ships of U. S. registry was developed by F. A.
Kolster and is manufactured by the Federal T elegraph Co.,
named variously The Kolster Radio Direction Fmder or The
Kolster Radio Compass.

Other radio Direction Finders have been develaped by the
Radio-Marine Corporation of America, the Marconi Wire-
less Telegraph Co., etc.

By means of this device, radio bearings can be taken in dense
fog, snow storms and over distances greatly beyond ]*the horizon
with an accuracy equal to that obtained with visible sight, thus
eliminating one of the greatest hazards to marine navigation.

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 shown on all sailing charts.

Operation of Unit.—With reference to the electrical circuit
fig. 4, the theory and operation of the unit as developed by
the U. S. Bureau of Standards is as follows:

The variable condenser C, together with coil L; form the
main receiving circuit which is tuned to the 51gnalmg wave

length.
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Connected across the condenser C, either directly or through
the potential transformer P, is the vacuum tube amplifying
and detecting apparatus.

TELEPHONE
RECEIVERS

L

! I SLIP-RINGS
%l‘é RECEIVER
7N Y

1
% L e,
—_

FIG. 4—Circuit of Kolster radio direction finder.
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As developed by the U. S. Bureau of Standards this receiver
consists of a three-stage radio-frequency amplifier, a detector
and a two-stage audio frequency amplifier made up as a unit
with a minimum number of operating adjustments. However,
the receiver may be of any standard design. I

The telephone receivers are located at a distance from the
magnetic compass to avoid any effect upon the compass due to
the magnets within the telephone receivers.

The auxiliary circuits of the direction finder are controlled by
switch S. With the switch closed to the right, the middle plates
of the double condenser C, are directly grounded.

The double condenser is utilized to bring about electrical
symmetry of the coil system with respect to the earth. In other
words by adjusting the middle plates of the condenser C,, to
the right or left the earth connection is brought to the electrical
midpoint of the coil system, and the signal received in tele-
phones, results only from the energy directly received in coil L,.

With the switch closed to the left a small condenser C; is con-
nected across half of the double condenser C., and the induc-
tance L, and tuning condenser C, are inserted in the ground
lead. !

Under these conditions the coil system is no longer elec-
trically symmetrical with respect to earth, and received energy
enters the coil circuit L,C,; indirectly through the tuned ground
circuit, of which the capacity of the complete coil system to
earth forms a part. |

|

By proper adjustment, a complete uni-directiona{ effect can
be obtained. |

In the practical operation of the direction ﬁnder,! all tuning

adjustments remain set for the wave length of the signaling
station. Switch S is closed to the right when observing the line

|

|
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of direction of a given signaling station and to the left when it
« is desired to determine the sense of direction.

In other words, to determine the line of direction of a sta-
tion, the coil system which is directly grounded at its electrical
midpoint by throwing switch S, to the right, is rotated to the
position of critical silence at which time the plane of the coil is
normal to the direction of the approach of thée signaling wave.

To determine the sense of direction of the station, switch S
is closed to the left and the coil rotated to the position of
" maximum signal intensity at which time the plane of the coil
is in direction of approach of the signaling wave and pointed
toward the signaling station as indicated by an index pointer
for that purpose.

Bellini Radio Compass.—Another type of radio compass
known as ‘the Bellini direction finder, is shown in fig. 5.

The frame consists of the loop L and condenser C; and C,.
The vertical antenna consists of the grounded center of the
loop and the two condensers C, and C, which are grounded
through the tuning condenser Cs.

Operation.—To obtain a bearing the switch S is closed and
the loop tuned to the incoming signals. The false vertical effect
of the loop is practically eliminated by grounding the center
point of the loop through the variable resistor R. The sharpen-
ing effect of the minimum due to the elimination of the remain-
ing vertical -effect is accomplished by varying condensers C,
and Cg. 09 .

To obtain the sense of true direction, the switch is opened
and the vertical antenna tuned by,means of condenser Cs, by
varying the- rqs1stance R, it is -possible to obtain the con-
ventional heart-shaped diagram. )




504 The Radio Compass

Dependable bearings can be obtained only by precise adjust-
ments of condenser C; and C;. The presence of tube damping
across the loop is detrimental in that it limits the range and
selectivity of the set.

— |
) §
[ SLIP RINGS
1st
AMPLIFIER
V.4 TUBE

FIG. 5—Circuit of Bellini Radio direction finder.

The frame supporting the loop is square in shape, each side
being approximately 32 inches long and ten turns are wound
for a wave length of 300 to 1100 meters.

The energy from the frame to the amplifier is transferred
similarly to the previously discussed Kolster type direction
finder by means of slip rings.
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FIG. 6—Ilustrating the use of radio beacons in navigation. When approach~
ing New York, the location of four radio beacons as shown, makes it possi-
ble to obtain radio bearings, and thus at any instant the position of the vessel
will be obtained. The arcs of circles indicate the characteristics of the radie
beacons, and the radius shown is approximately half the ordinary range.
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A typical shipboard compass installation is shown in fig. 2.
When the coil is rotated by means of the hand wheel, the
characteristic signal from the signaling station will be heard in
the telephone with varying degrees of sharpness until the
plane of the coil is at right angle to the direction of the incoming
waves at which point the signaling fades out completely.

The position of silence is very sharp and hence indicates
with great accuracy the line of direction of the incoming waves.

By means of cross bearings as indicated in chart, fig. 6, on
two or more stations or by several bearings on a single station
with the distances logged between bearings, the position of the
vessel can be determined by simple triangulation with an
accuracy equal to sight bearings on visible fixed objects.

Example on Cross Bearings Obtained by Radio Compass
from Two Adjacent Radio Beacons.—With reference to fig. 7
showing two beacon transmitters 7 and T, the bearings on ship
S may be computed by the navigator who reads the ship’s
head and corrects for deviation and variation as follows:

1. Ship’s head asread by the magnetic compass =45° = 45°

Variation obtained from chart =10°E=+410°

Deviation obtained from correction table = LXE=+4 2°

True ship’s head relative to true North ' = 5P

2. Radio beacon T, as read on radio compass = | 272°

Correction from QE* curve for 92° = - 155
Radio bearing on 7, relative to ship’s fore

and aft line = 270.°5

Thus, bearing on T relative to true north = true ship’s head +
corrected radio bearing =57°+270.°5=327.95. This gives posi-
tion line 7,0Y from radio beacon 7. |

*QE—Quandrantal error calibration curve. A curve representing the
deflection of radio bearings due to the unequal distribution of metal on the ship,
' |

1
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3. Radio beacon T as read on radio compass = 223.°5
Correction from QE curve for 223° =4+ 95
Radio bearings on T, relative to ship’s fore '
and aft line = 233°

Thus the bearings on T relative to true north =True ship’s
head and corrected radio bearings =57°+233° = 290°. This gives
position line 7.0X from radio beacon T, and theintersection

of the two lines at O is the ship’s position.
TRUE
N

TRUE
N

FIG. 7—Diagram illustrating method of computing ship’s location by means of
radio direction finder. In this illustration the following assumptions should be

noted.
1. That the radio bearings are taken very rapidly, so that the distance

covered by the ship between observations are negligible.
2. That the distances between the ship and the radio beacons are less than

190 miles and hence no convergency has been considered.
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AUTOMATIC
COMPENSATOR

FIG. 8—Kolster compass and compensator arrangement.
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CHAPTER 25

Radio Beacons”

Radio beacons as pertaining to marine radio navigation, are
simply radio stations installed at lighthouses, on light-ships, or
at other points shown on charts for the radial dispatch of radio
signals for the guidance of ships.

By means of the radio compass, (see page 500) it is hence pos-
sible for the ship navigator to ascertain his position at any time
when within receiving distance of the radio beacon.

As the radio compass aboard ships are usually designed to
enable the operator to take radio bearings without outside as-
sistance, the general problem and practice in navigation becomes
very much the same when using radio bearings as they are
with visual bearings on lighthouses and other known objects.

The practical difference between the two being that with the
availability of the radio beacon much greater distances can be
covered under all conditions of visibility.

As previously asserted, the radio beacons are located at defi-
nite points clearly marked on the chart, and send out signals in
all directions similar to that of light beams sent out by the
lighthouse.

*The radio beacons in the United States are erected and maintained by the
U. S. Department of Commerce, Lighthouse Service as a part of its system of
aids for the navigation of ships.
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Another similarity is that as the light beams may be dis-
l tinguished from one another by definite characteristics, so has
each radio beacon a definite signal.

Location Methods.-—The common method of ascertaining the
location of a ship equipped with radio compass is by means of
cross bearings using two or more radio beams as shown in fig. 1
or by visual and radio bearings in combination.

Of course the usual principles apply, as to employing stations
which will give good intersections, and as to allowing for the

FIG. 1—Tllustrating method of ascertaining location of ship, byjmeans of radi¢
compass aboard ship and shore radio beacons.
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distance run between the times of taking bearings if the interval
is appreciable. A typical example on how to obtain radio bear-
ings is shown on page 506.

The ship’s location may also be established by bearings on a
single radio beacon using the customary method of taking two
or more bearings at sufficiently different azimuths, and plotting
these in combination with the distance and course run between
bearings.

Indirect use of radio bearings in navigation is also possible.
For example a vessel equipped with a radio compass and know-
ing its own position will be able to assist other vessels by means
of radio bearings. Thus, where a vessel seeking another in dis-
tress is unable to locate it because of inaccurate reported posi-
tion, neither having a radio compass, a third vessel so equipped
will be able to guide the rescuing vessel by the utilization of
radio bearings.,

Time Schedules for Sending ef Radio Beacon Signals.—Gen-
erally radio beacon signals when operating are sent for one
minute out of each three minutes. Subject to this they are
operated continuously during fog and low visibility, and they
are also transmitted on regular time schedules regardless of fog.

Power and Range of Radio Beacon Signals.—The distance of
availibility of ranges, considered desirable for radio beacons
vary greatly with the purpose of the respective stations. In this
country the stations are divided into three general classes:

Class A, primary station, with power approximatjely 500
watts, with a range of 200 to 300 miles.

Class B, intermediate power 100 to 200 watts, with a range
of 100 to 150 miles.
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Class C, low power 5 to 50 watts with a range of 10 to 50
miles.

However, the actual range at which signals can be picked up
and bearings taken, may under favorable conditions exceed the
aforementioned distances.

Although it is possible with present day equipment to greatly
exceed these distances, the practical limitations are:

1. The power required may cause a considerable amount of
interference.

2. A small error in the direction of a bearing is much magni-
fied in a derived position at a great distance. .

3. The poss1ble deviation of radio bearings, part1cular1y as
regards the various types of transmission, has not been fully
investigated at great distances.

It is at present, considering the above, much more important
to develop accurate and dependable direction finding apparatus
on ships to be used for distances of 200 miles, than to seek for
the possibility of bearings at greater distances.

Radio Beacon Equipment.—As the location of radio beacons
in the United States in nearly all instances has been established
at existing light stations, and as the space required for the trans-
mitting apparatus is comparatively small, they are usually
housed within the light emitting station, and generally no
additional buildings are necessary.

The equipment of a radio beacon station comprlses the
following:

1. Radio transmitter

2. Automatic code machine

3. Power supply equipment consisting of a generator, a
battery or both |

4. Antenna

5. Synchronizing clock
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6. Radio receiver

7. Automatic warning devices.

On account of the importance of continuity of service, all
apparatus as far as practicable, are installed in duplicate, with
means for switching from one transmitter, generator or code
machine to another in case of trouble.

FIG. 2—Standard 200 Watts Marine Radiobeacon transmitter,

Transmitter.—Transmitters of late design are generally of
the so-called master-oscillator power-amplifier type, .usually
employing a 714 watt tube as master oscillator, following with
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one or more 50 watt and 250 watt tubes as intermediate and
final power amplifiers.

The plate supply is usually obtained from a 110 volt, 60 cycle,
alternating current source through suitable tube rectifying
circuits, employing rectifiers of the mercury-vapor type. The
filament current in nearly all cases is supplied by a separate
motor generator or rotary converter to secure better voltage
regulation, and is usually 60 cycle a.c. current to obtain uniform
filament evaporation.

Code Machine.—The code machine is entirely automatic in
its operation and provides for the sending of the station
characteristics.

The code is formed by a series of combination of short and
long segments of a revolving code wheel, making short or long
contacts as the wheel is revolved to produce dots and dashes.
This wheel is revolved by an electric motor through suitable
reduction gears which also drive a contacting cam designed to
open or close the circuit, so that any desired combination of
“on” or “‘off” operating intervals may be obtained.

Power Supply.—The location of radio beacons usually is.a
determining factor as to power supply to be used, and.commer-
cial current is employed when available. However, when loca-
tion prohibits the use of commercial current, internal com-
bustion or steam engines with electric generators are provided.

In case of power failure a duplicate source of supply is util-
ized to provide against possible interruption of service.

On practically all ship stations as well as on land stations
where the storage of gasoline utilized in prime movers for

generating equipment would constitute a fire hazard, storage
batteries are used as a source of power.

\
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Synchronizer for Radio Beacons.—This apparatus has been
designed to automatically control the sending intervals of a
radio beacon, and to synchronize the sending intervals of several
stations in a group so that they will not overlap.

The actual work of synchronizing is accomplished through
control of the “on’’ and ‘‘off” periods of the transmitter by
accurate clocks. Two types of clocks are used to accomplish
this, the larger number being of the marine escapement type
which are serviceable alike at ship and shore stations. Pendulum
clocks are also used at a considerable number of land stations.
Both types of control clocks are equipped to close an electric
contact at the beginning of each minute. This contact is in series
with the windings of an electric solenoid or a similar device,
which when the contact is closed advances the drum, carrying
the other and larger electrical contacts one step at a time.

This multicontact drum, called a synchronizer or secondary
clock, is also divided into minutes, or spaces corresponding to
minutes, and makes one complete revolution in an hour. It is
this drum that provides that the radio beacon signal shall be
emitted for exactly one minute and be silent for two minutes. It
is also feasible to select any other “on’’ and “off"’ arrangement so
long as the changes occur at even-minute intervals. Incidentally,
this multi-contact drum which is advanced at minute intervals
by an accurate clock, provides a ready means of closmg and
opening other circuits in addition to those controlhng the *
and “off”” minute periods, thus furnishing the means by Wthh
any radio beacon station can be made fully automatic.

For example, one contact can start a gasoline driven electric
generator, another contact can place the transmitter in opera-
tion, while another controls the duration of the characteristic
signal period, the operation for 15 minutes in each hour.
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Although the control clocks are accurate and sturdy, it is
necessary to provide for correction and adjustment against a
standard time signal. An attempt to permanently fix the elec-
trical contacting mechanism to the clock time train and depend
on regulating the clock to correct for accumulated errors, was
found to require too frequent adjustment of the clock.

Instead of this, the contactor itself in the clock 1s made ad-
justable, so that the instant of contact can be advanced or
retarded manually as necessary to allow for accumulated clock
error. This adjustment is made by a suitable device without
opening the clock. This provides a ready means whereby the
attendant at the radio beacon station can listen in on the other
radio beacon stations in the synchronized group and correct at
once for any errors. This is done twice a day. For this purpose
one station in each group is taken as a master station, to which
the clocks at the other stations are adjusted. The clock at the
master station is adjusted twice a month from the standard
time signals.

Warning Device.—Automatic operation of radio beacons 1s
at present being provided in many locations.

In order to insure operation without the constant attendance
of the keeper, a positive warning device has been developed
whose function it is to notify the keeper in case of failure of
any part of the radio-beacon system.

The function of the radio-beacon transmitter system is to
induce an 7.f. current in the antenna, and the warning device
being actuated by the antenna current, automatically sounds a
warning, in case the antenna current for some reason is being
interrupted.

The device operated by sounding a gong or horn whenever the
aforementioned antenna current (radio signals) stops for a longer
period than two minutes, this being the normal silent period.
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CHAPTER 26

Automatic Radio Alarm

‘ An automatic alarm is a device used to enable a ship in dis-
tress to summon aid at any time by radio from a nearby vessel,
and especially during those periods when tke radio operator on
the nearby vessel might not be ‘“‘on watch.”

Special regulations governing this distress signal and the
number of operators which their installation shall release are
now in force.

0 5 10 15 20 25 30 35 40 45 50 55 60 SECONDS
IIIIIllllllllilIIIII'IIIIIIIII,IIlllllllllllllllIllllllllllll SIGNAL

RN mmeees S e S S SETUIYS WETID) S
=11 Second
R S AUTO ALARM SIGNAL
4 SECONDS
FIG. 1—Standard auto alarm signal.

The function of this distress signal is to actuate an automatic
receiving device on the vessel in the vicinity of the ship in dis-
tress and by means of bells or other signal producing apparatus,
call attention to the fact that a distress call is being transmitted.
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‘This special distress signal only supplements and does not
supersede the conventional SOS call, and is known as the auto-
matic alarm signal and the special receiving apparatus is called
the auto alarm.

Auto Alarm Signal Characteristics.—The auto alarm signal
is transmitted by the ship in distress just prior to sending the
normal SOS signal. This signal consists of a series of dashes and
spaces, each dash having a duration of four seconds and each
space between dashes a duration of one second. Twelve such
dashes and spaces can be transmitted during one minute. (See
fig. 1)

The auto alarm is designed to operate bells after a certain
number of consecutive dashes and spaces are being correctly

received. :

~ Foreign Practice as Compared with F.C.C. Requirements.—
Foreign practice sometimes require the arrangement of bells to
ring when three consecutive dashes and spaces pass through the
receiver, whereas the U. S. Federal Cummunication Commis-
sion (F.C.C.) requirements are based on ringing of the bells
after four consecutive dashes and spaces are correctly received.

It is obvious that the four-dash cycle considerably minimizes
the possibility of false alarm, since the chances are quite remote
for accidental combination of signals to repeat themselves four
times to imitate the alarm signal. In this connection it may be
mentioned that the current designs of American auto alarms
may be easily arranged to accept either the three or four dash
cycle and in any case no International operating difficultiec
occur since the vessels in distress always send twelve or more
dashes. '

A single master switch to place the auto alarm in service is
required which must be so arranged that power cannot be ap-
plied to the alarm circuits unless the main antenna is connected
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" to the alarm receiver and having an interlocking feature to pre-
| vent the ship transmitter from being keyed unless the auto
’ alarm receiver is turned off.

|

|

Basic Elements of the Automatic Radio Alarm.*—The com-
plete radio alarm consists of two main parts namely the radio
receiver and the selector unit.

FIG. 2—Type AR-8600 auto alarm with cover and panel open.

| *An auto alarm designed by the Radio Marine Corp. of America and gener-
ally referred to as the Model AR-8600 is described on the following pages.
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The radio receiver forming a part of the alarm must be de-
signed to possess uniform sensitivity over a frequency range
from 487.5 to 512.5 k.c. The normal distress frequency is 500
k.c. but provision must be made for the auto alarm receiver to
accept signals outside this exact frequency, thereby permitting
some variation in the adjustment of the radio transmitter on the
vessel in distress. _ '

The band width of the alarm receiver must also be fixed as an
integral part of the design,and not be adjustable hy the operator.

Warning Apparatus.—Since it is necessary t the auto
alarm when connected in the circuit to operate unattended for
several hours, some means must be devised to|indicate when
operation is not normal. .

During abnormal atmospheric conditions for|example, prc-
longed static of high level may tend to ‘hold over” some of the
relays in the selector unit. Hence it is necessary tp arrange for a
warning light or its equivalent to indicate to the bridge that the
radio operator is required to readjust the sensitiyity control.

At other times vacuum tubes in the alarm may burn out, and
when this occurs, a “no current” relay is utilized to energize
warning bells located on the bridge. Failure of the source of
-energy which rings the bells is shown by a continuous burning of
warning light placed alongside the bells, in a position where
they must be observed. ~ - '

After the radio signal passes through the receiver it controls
the selector mechanism. To allow for reasonablql variations in
timing of the alarm signal the selector must be designed to ac-
cept dashes having a duration of 3.5 to 4.5 seconds and spaces
of from 0.1 to 1.5 seconds. The question of operation through
interfering signals in the 487.5'to 512.5 k.c. bédnd|as well as the
possibility of false alarm must also be considered when deter-

mining the selector timing tolerances.
_ : _ ! |
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| It is necessary also that the alarm function through a reason-
able amount of interference on the same wave length as the dis-

- tress signals. This interference may produce two effects on the

A
8
%
|

‘ FIG. 3—Type AR-8600 auto alarm with panel closed and cover open.

| selector, one of which is to prolong the normal four-second
alarm signal in case the interference appears at just the correct
time to add to the desired signal, the second effect of interfer-
ence is to “fill in’’ the normai one second spaces.
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. If the spaces are completely filled in at the correct time the
selector functions to reject the signals and it will do the same if
interference unduly prolongs the desired dashes.

False Alarms.—The false alarm possibility is determined by
a combination of three main factors, namely:

1. Accidental combinations of signals or noise| equivalent to
the alarm signal. 1

2. Timing tolerances of the selector. \

3. The number of dashes and spaces which are selected to ring
the bells. ,

The Selector Unit.—Under normal conditions, 16 hours per
day or approximately 5,800 hours per year of operation is nec-
essary, hence the selector unit to be most reliable should have
as few moving parts as possible.

As previously mentioned the Standard automatic alarm sig-
nal is composed of 12 dashes and spaces, but the alarm bells
are to be actuated after the receipt of four dashes with toler-
ances of 3.5 to 4.5 seconds and spaces with tolerances of 0.1 to
1.5 seconds.

Thus if the space between the first and second dashes is com-
pletely filled with interference, the alarm would be actuated at
the end of the sixth dash. If interference prolongs the length of
any dash beyond 4.5 seconds, or completely fills inlthe space be-
tween dashes, the mechanism used for selection Iwould be re-
stored to normal. Thus, of the 12 dashes comprising the signal,
four consecutive dashes having a space at the beginning and
ending of the group, as well as between dashes, must be re-
ceived before the alarm bells will ring.

The obvious advantage of a 12 dash signal is that it permits
more chances of the alarm being actuated under severe condi-
tions of interference both from the standpoint of prolonging the
dashes and filling in the spaces. '

|
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The aforementioned dash and space tolerances seemingly im-
pose difficult terms for the selector response. For example, four
dashes and the intervening three spaces might vary in total
elapsed time between 14.3 and 22.5 seconds.

Obviously the selector must check individual dashes and
spaces since any attempt to use the sum would result in the
false alarm probability being greatly increased.

The schematic circuits of the receiver and selector units are
shown in fig. 4.

Elapsed time of signal duration is measured by RC circuits
connected in the grid circuit of individual selector tubes.

The -rinciple utilized is the familiar one of current decay in
a series RC circuit.

With reference to fig. 4 warning relay No. 8 being connected
in“series with the tube heaters across the ship’s 110 volt line,
will cause the alarm bell to ring when any one of the tube heat-
ers burn out, or when voltage failure occurs.

Warning relay No. 9 is connected across the storage battery
through a series resistor. Failure of the battery supply will
allow relay No. 9 to de-energize and turn on the warning lights
ateach bell location point. Warning of power failure is therefore
obtained except for simultaneous failure of both the 110 volt
ship line supply and the storage battery.

The following is a summary of warnings indicating various
conditions when using auto alarm apparatus heretofore de-
scribed:

1. Bells ringing may be caused by:
a. Receipt of auto alarm signal.

b. Receipt of a false auto alarm signal caused by a fortui-
tous combination of static and keyed interference.

¢. Loss of ship’s line voltage.
d. Tube heater burn-out.
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FIG, 4—Complete schematic circuit diagram of AR-8600 auto alarm unit.
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2. Warning lights burning continuously are caused by:

a. Receipt of a continuous signal from a transmitter
whose key is being held down for a period consider-
ably greater than 4.5 seconds.

b. Sensitivity control set too high for the prevailing noise
level.

c. Loss of 6 volt battery supply.

FIG. 5—View of warning light and bell located on bridge of ship.
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3. Warning lights burning intermittently are caused by:
a. Occasional long bursts of static.
b. Transmitter testing using dashes slightly longer than
3.5 seconds.
¢. Heavy 500 k.c. interference caused by several tele-
graph transmitters transmitting at the same time.

FIG. 6—Typical shipboard installation showing location of auto alarm unit and
associated equipment.

Warnings as under 3, are to be expected and indicallte that the
auto alarm is functioning correctly. Warnings as under 1 and 2,
should be investigated as to their cause.

The following gives a summary as to procedure to be followed
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in order to properly operate and maintain the auto alarm as
given on the instructions accompanying the equipment.

ADJUSTMENTS TO BE MADE BY RADIO OPERATOR BEFORE GOING OFF WATCH
On the front cover of the auto alarm there will be found printed instructions which read as
follows:
IMPORTANT INSTRUCTIONS -

“TO TEST ALARM: Close master switch. Set sensitivity control to.approximately 40. Using
radio room clock transmit alarm signal with test push button on auto alarm. Bells will ring after
four correct dashes and spaces. See instruction book for further details.”

“TO ADJUST SENSITIVITY CONTROL: Set scale at 0. Set current switch at 4. Meter will
read about 7.5 M.A. Turn sénsitivity control to right until average meter reading due to nofse,
static. etc., is about 1 M.A. less than maximum vaiue. Listen with phones. Incoming signals-will
cause signal relay to chatter slightly and meter reading to fall toward zero. If sensitivity is set
too high for prevailing noise level, warning lights will indicate need for lower setting. Do not set
sensitivity control lower than necessary as weak distress calls may not be received.”

When testing the auto alarm with the test buzzer and push button the operator should
observe that the milliammeter reading falls to zero or nearly so each time the fest button is
depressed. Clase this‘button quickly several times and observe that the radio relay, whose.-arma-
ture click may be heard, follows the keying speed. Each time a correct four second dash and
space are-sent with the test buzzer, it may be observed that the astepping relay advances one posi-~
tion. If there is considerable radio interference or static during the time the alarm is being
tested, it will be observed that the yestore cofl on the stepping relay is also energized, thereby
preventing the stepping relay from advancing further. This condition will occur during testing
whenever static or interference completely fills the spaces between dashes so that the normal
auto alarm signal is distorted The position of the sensitivity control, during the test of the auto
alarm, may be used as an approximate check on the sensitivity of the receiver and the correct
performance of all tubes. If it is found necessary to advance the sensitivity control beyond
approximately 40 to 50 on the scale, it may be inferred that one of the tubes in the radio receiver
.part of the circuit is defective. After a little experience with the alarm, using the headphones.
plugged into the jack and by observing the operation of the radio relay on jncoming signals, the
operator may reach an approximate determination as to whether or not the receiver sensitivity
is normal In other words on the average shipboard antenna it should not be’ necessary ‘to
advance the sensitivity control to the extreme right in order to make the radio relay operate with

the average incoming signal.

SENSITIVITY CONTROL ADJUSTMENT

A clear understanding of the results to be expected from various settings of the sensitivity
control is necessary ‘in order to adjuat this control to the optimum or most favorable position. For
example if the sensitivity control is turned to the extreme right (100 on the dial) or nearly so, it
may be found that the average noise level and static will cause the radio relav to hold over for
long periods of time, or to chatter or vibrate steadily When this occurs the adjustment is not a
favorable one, for not only will the warning light be illuminated frequently whemever static or
noxse persists for 8.5 seconds or more, but also a real alarm signal will be more apt to have its .

prol d and its sp filled in. with such an adjustment. On the other hand if the gen-
sitivity control is adjusted too far to the left, that is toward zero on the scale, then only very
strong signals will operate the auto alarm, and a distress call from a distant ship might be missed.
The optimum adjustment will be found to be that which gives a reading on the milliammeter
(with no incoming signals) which is approximately one milliampere less than the reading
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obtained when the volume control is at zero. With such an optimum adjustment the radio relay
may close occasionally from short bursts of static or from ordinary code signals. The operator
should keep in mind that if the sensitivity control is set too high the radio relay will vibrate con-
stantly, which is an undesirable adjusiment. The officers on the bridge will have instructions to
summon the radio operator whenever the warning light on the bridge is illuminated for periods
of five minutes or more. When the sensitivity is set at 100 or maximum, a signal strength of
approximately 200 microvolts will operate the auto alarm. Ata dial setting of 60 (midscale) a
signal of approximately 1000 microvolts is required. At 0 setting of the sensitivity control a
elxnal strength of 20,000 microvolts is required.

FAULTS WHICH WILL CAUSE SOUNDING OF THE AUDIQLE ALARM

1-~False alaxm. Accidental combination of static or other interference may occesionally
leause the stepping relay to advance to its fourth position, which will lock in the bell ringing relay
and cause the bells to ring continuously. Bells will stop when reset push button is depressed on
auto alarm panel. |

2-+-Filament burnout, If any one of the vacuum tube filaments (heaters) should burn out,
or if one of the 30 ohm series filament resistors in the junction box should burn out. the filament
burnout relay on the auto alarm panel will have its coil de-energized, which will close the back
contacts, and cause the bells to ring. Bells can only be stopped from ringing by replacing the
defective tube, or resistor or by opening the ter switch.

3—Low or high line supply voltage. If the 110 volt shipboard supply is reduced below nor-
mal or increased ubove 120 volts, the line voltage relay in the junction box will operate, which
will short out the coil on the six volt relay, causing the bells to ring. The bells will continue
ringing until line voltage is restored to normal or until master switch is opened.

4—TIf the six volt battery approaches discharge and its voltage falls below about 4.5 volts,
the back contacts will close on the six volt relay, causing the bells to ring, continuously unti! &
suitably charged battery is placed in circuit or until the master switch is opened.

5—1If the one-half ampere fuse on the auto alarm panel or any of the fuses in the junction
box should be blown, the bells will ring continuously until the fault is corrected or unless the
master switch is opened. The one-half ampere fuse will blow in case of tube shorts or condenser
breakdown in the receiver-selector unit.

OPERATION OF WARNING LIGHTS !

The purpose of the warning lights us explained previously is to provide a visual indication
whenever prolonged static or other interference holds the radlo relay open. After 3.5 seconds
the stepping relay will advance one position and remain there as long as the interference is con.
tinuous. An auxiliary set of contacts on the stepping relay will close a circuit to the three warn-
ing lights to indicate this condition. The remedy is to readjust the sensitivity control to a slightly
lower setting so that the stepping relay drops back to its normal or zero position,

PROCEDURE TO BE FOLLOWED WHEN ALARM BELLS RING

1—If alarm bells ring momentarily, then stop ringing, and repeat this cycle frequently, the
difficulty is most likely due to low, high or variable line voltage. Go to the radio room, open the
door of the junction box and observe the line voltage relay contacts. Also measure the line volt-
age by placing the voltmeter switch in position five on the auto alarm panel. If the voltage is
much below 100 volts, it will be observed that the line voltage relay “left” contact is closed,
causing the bells to ring Higher than normal line voltage will cause the “right” contact to make
on the relay, also ringing the bells. This condition of low, variable, or high line voltage should
be brought to the attention of the proper ship’s officer,

2—Alarm bells ringing continuously. Go to the radio room and depress the reset button on
the.auto alarm. If this stops the bells from ringing a pair of phones should be immediately
plugged into the phone jack to determine if an alarmr signal has been transmitted by a vessel in

|
|
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rdistress. If the bells do not stop ringing when the reset button is depressed the fault may be low

line woltage, high line voltage, low six volt battery supply, filament burnout, or blown fuses.
Filament burnout may be immediately determined by placing the voltmeter switch in position
four, where a reading of 100 volts or more will be obtained instead of the nermal reading of
approximately 60 volts.- A blown one-half ampere plate fuse or 110 volt line fuse may be quickly
determined by observing if any reading is obtained op the voltmeter with the switch in position
five. No reading will be obtained if these fuses are blown. If the six volt battery is low this
should be checked with the three:scale voltmeter carried in the radio room as a part of standard
safety of life at sea equipment.

8—When troubles which cause the bells to ring continuously cannot be located quickly, it is
desirable to disconnect the bridge-bell and operator’s bell temporarily to avoid undue ahnoyance
to the ship's personnel. Fhis may be done by removing the lead (blue with red tracer) which
will be found on terminal 28 on the vertical right hand terminal block of the junction box. After
the trouble has been corrected the operator should make certain that the lead to terminal 28 is
firmly reconnected, and he should make a teet with the bridge and the operator’s room to insure
that the bells are again functioning normally.

s A "o ] LOG ENTRIES

mwmmmwmmumumobumdum
are required by the Federal Communications Commission.

1—mmmhnummmmuwwmamwﬂum
supplied, at least once every 24 hours, the timing of the dashes to be made by reference to the
sweep seconds hand of the station’s clock. Bridge bell and warning light and operator’s roon
bell and light must show correct operation when this test is made. A statement that the forego-
ing has been fulfilled must be inserted in the ship’s official deck log and the radio log daily.

2—If the warning light is {lluminated for a continuous period of five minutes or more, the
operator shall record in the radio log the time when he was called by the bridge, the time when
he goes to the radio room to investigate the difficlty, the reason for the warning lights burning,
and a statement as to the adjustments found necessary to restore normal operation.

8—If the bells ring, the operator should record in the radio Jog the time of the occurrence
and the time when he arrives at the radio room to investigate the reason for the bells ringing. A
record should also be made in the log to explain what caused the bells to ring, such as actual
alarm, false alarm, filament burnout, low line voltage, low baftery voltage, blown fuses, ete.

4—Vacuum tube and battery information to be entered in log. Each vacuum tube initially
supplied in the auto alarm is dated at the time of instailation. If any tube becomes defective the
operator should remove the tube and make an entry in the log to indicate the date the tube was
removed and replaced and the tube socket from which it was taken. The defective tube should
not be destroyed, but should be returned to the radio company responsible for the majntenance of
the auto alarm. The new tube which is used to replace the defective tube should be dated by the
operator. Thhmybedonebymtdﬂncﬂudateonthemetduheﬂdtbqtnbewuhthepdnt
of & knife or other sharp tool,

The 9 volt “C” battery (type D6BP) mounted in the junction box is provided with a label to
rewxﬂthedntewhenlmhned,mddnothodntewhenitshouldhuphmd. If for any reason
the operator finds it necessary to replace the “C” battery with his spare “C” battery, he should
mterthhfutintheloc.recordlngwhentbeold"c”b-mrywuhhnont,whonthomom
was replaced and on the label of the new battery he should write the date when installed. The
“C” battery should be replaced when it falls below 8.5 volts,

GENERAL MAINTENANCE AND REPAIRS AT SEA
H normal operation of the auto alarm cannot be obtained, the radio operator should procesd

" as follows:

IMPORTANT: Do not remove relay cover or oven cover on the auto alarm panel or work with
tools around any of the parts-unless the master switch is in the *off™ position.
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., 1-—Check with three range radio room voltmeter to determine if the 110 volt line voltage
‘and six volt battery power exists across the appropriate input terminals in the junction box. If
correct readings are obtained make similar measurements across the proper terminals of the
receiver-selector unit. Refer to T-851.

. 2—Mxkeeertalnthatnlllendsonthejlmctionboxurminxlatmmnumberlto”indndw
are tight and making good connections. |

3—Relay contacts should be checked and cleaned, if necessary, to insure proper contact. To
clean contacts use the special burnishing tool which is furnished, taking ure not to remove too
.much contact material with the burnisher.

4—1If defective tubes are suspected, they should be replaced one acahm,sta.rﬂnzwithﬂle
6-A-8 tube, always returning good tubes to the same socket from which they were removed. This
will avoid confusion in locating a defective tube. Type 1611 tubes may be checked for emission
by placing them successively in the second socket from the left in the lower row of tubes. This is
the radio relay tube socket and the plate currént of this tube may be read by the milliammeter
with the switch.in pogition number four. Normal tubes with 100 volts line'should show a plate
current with no incoming signal of approximately 7 milliamperes or more. When checking tubes
all tube sockets must be filled, otherwise bells will ring.

5—Each selector circuit may be checked by sending a test signal through the auto alarm
and successively placing.the “current” switch. in position 1, 2 and 8. In position 1 after a long
dash a cutrent of approximately 8 to 10 milliamperes will be obtained. In poeition 2 after a long
dash a similar value will be obtained. To check selector number 8 place the switch in position 8,
send a 4 second dash with the test-buzzer and then observe after about § seconds that the meter
reads momentarily a value of approximately 6 milliamperes. The third selector tube shuts off its
own plate current after it checks a space and for this reason only a momentnry meter reading
will be obtained.

) 8—It is possible to check various voltages in the junction box and on the vdrious component
units back of the auto alarm panel by referring to diagram T-851, and by using the three range
voltmeter which is carried in'the radio room. Such a voltage analysis will enable the operator to
determine if open circuits or poor connections exist in various parta of the circuits.

7—The switch contacts o the master switch should be checked occasionally to insure that
they are making good connection, removing any corrosion or oxidation which may have taken
place.

8—Norma} operation of the oven heater will be indicated by intermittent operation of the
small pilot light mounted on the back of the junction box cover. This pilot light is provided to
enable the radio operator to determine that the oven circuit is operating normally whether or
not-the auto alarm is on watch.

9-——If for any resson the auto alarm 6 volt battery becomes discharged the operator should
substitute one of the radio room 6 volt storage batteries temporarily. The auto alarm battery
should then be placed on charge from the standard radio room “A” battery eharger. The opera.
tor should determine why the auto alarm battery became discharged. The'auto alarm master
switch is arranged to place the 6 volt battery on charge at a rate of approximately 2 amperes
whenever the master switch is in the “off” position. This charging rate is sufficient to keep the
alarm battery fully charged if the alarm is “on watch” for a period of 18 hours daily. In other
words 6 hours charging in each 24 hours will keep the battery in good condition. If either or both
battery charging resistors at the top of the junction box should become defective, standard 110
volt 100 watt lamps may be used as a substitute.

10—When replacing the 9 volt “C” battery, make certain that the green lead conneets to
the negative terminal and the brown lead to the positive terminal. ‘No current is taken by the
*C” battery, therefore if early “C” battery replacement is y look for shorts or leakage.
A voltmeter connected in series with one of the “C” battery leads should show no reading for
normal operatiom

11—If plate current is obtained through each selector relay as explained under “5” above

and the stepplngrehydoesnotopmte. inspect the contacts on the selector relay in the oven.
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Remove oven cover acrews and carefully withdraw the oven cover straight out to prevent break-
age of the ther ter. Relay contacts may now be examined and cleaned if necessary.

12—Note that the 6 volt storage battery has two fuses in the positive side of the circuit, & 6
ampere glass fuse in the junction box and also an external 10 ampere fuse installed near the bat-
tery. Short circuits in the 6 volt circuits in the auto alarm or junction box will normally cause
the 8 ampere glass fuse to blow. Short circuits in the wiring to the warning bells will cause
blowing of the external 10 ampere fuse. This arrangement allows the warning bells to ring when
‘the 6 ampere_fuse is blown. Both fuses should be inspected in case of trouble. Always use the
specified ratings when replacing fuses.

18—The line voltage relay will also cause the bells to ring if the polarity of the 110 volt ship-
board line is reversed.” The voltmeter on the.receiver-selector unit in switch position 5 will also
indicate this condition by reading in the reverse direction,

TYPICAL READINGS OF CURRENT AND VOLTAGE FOR NORMAL
AUTO ALARM OPERATION

The following' readins:J are based on an average line voltage of 100 volts. Higher line volg-
ages will give slightly higher readings.

CURRENT SWITCH

Position 1—First selector relay closes at approximately 4 M.A.

Position 2—Second selector relay closes at approximately 6.6 M.A.

Position 3—Third selector relay closes momentarily at approximately 6.5 M.A. .

Position 4—Signal relay plate current is 7.5 M.A. with no incoming signal. Withi signals, lower
values, down to zero, will be obtained.

Position 5—Not used.

VOLTMETER SWITCH

Position 1—Grid charging voltage 62 volts.
Position 2—Grid bias on selector tubes 1 and 2, 29 voits.
Position 3—Grid bias on third selector tube, 29 volts,
Position 4—Heater voltage 60 volts.
Position 5—Reads ship’s line voltage.
When going off watch the operator should always leave the “current” switch in position 1
and the “voltage” switch in position 5. If the current switch is left in position 4 the milliamme-
ter will follow all incoming signals, causing unnecessary wear and tear on the instrument.

TESTING AUTO ALARM UNDER SEVERE STATIC CONDITIONS

Qccasionally when static is very severe the sensitivity control cannot be advanced far enough
to permit the test buzzer to actuate the receiver without causing the radio relay to “block’” from
the static. To test the alarm under these conditions place a temporary short circuit between the
AA terminal and ground terminal on the master switch. After the test the short circuit should
be removed and the sensitivity control adjusted to optimum for the prevailing noise level.

UNDERSTANDING SELECTOR ACTION BY OBSERVING RELAYS

1—Transmit “V”'s or other code signals with test buzzer. Radio relay will follow keying
and milliammeter in position 4 will show a lower reading each time buzzer is operated. No
other relays will operate.
Tr it one four d dash. Radio relay will operate instantly and after 8.5 seconds
mumber 1 selector relay in oven will close, auxiliary relay will close, “notch” coil will be energized
angd stepping relay will advance one position. This checks if dash is long enough.
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7'

8——Transmit one dash of 6 seconds or more. Same action as under “2” above will tuke place
and in addition number two selector relay in oven will close and “restore” coil on stepping relay
will be energized. When long dash is broken stepping relay will return to zero or normal posi-
tion. This checks overlong dashes.

4—Transmit one four second dash to advance stepping relay one. position and then break this
dash. After approximately 5 seconds *“'restore” coil will click and stepping relay will return to
zero. This checks spaces,

5—Transmit four correct 4 second dashes separated by 1 second spaces and watch the step-
ping relay move up with each dash, finally causing the bell ringing relay to lock in when the
fourth dash is broken. Note that each dash, including the fourth dash must be followed by &
space to lock in the bell ringing relay. If the fourth dash (or any other dash) is too long the re-
store coil is energized on the stepping relay . |

PREVENTING OVERCHARGE OF 6 VOLT BATTERY |

When the ship is in port or drydock or if the auto alarm is in usk for only a few hours
each day, the 6 volt storage battery may become overcharged. To avaid this use one charging
resistor .f the alarm is in use only a short time daily. In port or in drydock remove both charg-
1ng resistors by unscrewing from sockets.

—
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CHAPTER 27

Short Wave
Receiver Principles

As short waves permit the reception at much greater dis-
stances than that with longer waves, regularly employed by
commercial broadcasting stations, it has become the practice to
transmit important programs simultaneously on both long and
short waves.

Generally a radio program received at a frequency at or
above 1,500 k.c. is classed as short wave reception, and the
simultaneous transmitting and receiving of radio waves at or
above 1,500 k.c. is classed as short wave communication.

Short wave communication at present is carried on at wave-
lengths down to 5 meters or 60 megacycles (60,000,000 cycles
per second) although it is now becoming apparent that in the
near future the wultra short wave range of from 5 down to 1
meter, 60 to 300 megacycles will be considered as familiar and
useful territory.

However, as the radio tube design is so closely associated
with the utilization of ultra high frequencies it is apparent that
the exploration of the frequency band of between 60 to 300
megacycles will have to wait for the research laboratories, who
in this case must lead the way for successful operation.
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The problems introduced in the design of equipment by the
attempt to raise the limitations of high frequencies of the order
mentioned above can best be appreciated by speaking in terms
of wave-lengths.

The wave-length determines directly in the same units the
approximate maximum physical size which the equipment to
produce that frequency may attain. This results from the fact
that the greatest speed at which energy may be sent along
an electrical circuit is the same as that of the electrp—magnetic
energy in space—the velocity of light or approximately 300,-
000,000 meters* per second.

In practical circuits, however, due to the fact that induc-
tance and capacitance lowers the speed of electrical energy,
this speed is never reached. . _

From this it follows that the circuits then must be smaller in
extent than the wave-lengths and the tubes themselves will be
very small in physical size. ’

Wave Length and Frequency.—Since as stated the electro-.
magnetic energy and flux lines move with the velocity of light of
approximately 186,300 miles or 300,000,000 meters per second,
the distance between two successive maxima of electric strain
directed in the same direction, or as usually express$d,
300,000,000 1
y (in cycles per second) (1)

' . _ 300,000,000
or Frequency (incyclespersecond) = Wave length (in meters) @

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

Wayé length (in meters) = Ficoiene

I
!

*A unit of length in the metric system: It represents approx. a ten-millionth
part of a quadrant of the earth’s meridian measured from the equator to the
pole through Paris; one hundred centimeters or 39.37 inches.
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For example, if the wave length be one meter (which is not
at present a practical wave length) the corresponding frequency
is 300,000,000 cycles, 300,000 kilo-cycles (k.c.) or 300 mega-
cycles per second.

In general usage, however, “per second” is usually omitted,
it being generally understood that so many kilocycles (k.c.) or
s0 many megacycles always include the prefix per second.

Example.—What are the frequencies for wave lengths of 5, 25
and 100 meters?

Solution.—Substituting 5 in formula (2)

—w 60,000,000 cycles

60,000 kilocycles or 60 megacycles.

Similarly substituting 25 and 100 in formula (2), 12 and 3
megacycles respectively are obtained.

In order to facilitate the transformation of wave length in
meters to frequency in kilocycles or vice versa, a table supplied
by the courtesy of the Bureau of Standards is found on pages
539 to 542.

This table is based on the factor 299,820 meaning that the
value of the aforementioned speed of light instead of being
300,000 kilometers per second is more closely 299,820 kilo-
meters per second.

The odd and even columns in this table are related to each
other; that is the first column is related to the second, the third |
column to the fourth and so on. Fundamentally the numbers |
in the odd columns first, third, fifth, etc. refer to wave-lengths |
in meters. These columns are continuous numerically from 10
to 10,000 meters. ,

It is obvious from the previous discussion that the frequency
corresponding to 10 meters is equivalent to a frequency of

Frequency =
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I

20,982 kilocycles and that the frequency corresponding to
10,000 meters is equivalent to 29.982 kilocycles. |

The table is also reversible. The designations for frequency
in kilocycles (kc) and wave length (m) are placed at the top of
each column.

From this table it is also possible to determine frequencies
and wave-lengths above or below the values included. Thus the
frequency corresponding to 5 meters may be determined by
selecting the number 50 in the first column and reading it as 5.
The answer is 59,960 kilocycles or 59.96 megacycles. In the
same manner for 2.5 meters one would select the number 250 in
the first column and read it as 2.5. The answer in thls case is
119,900 k.c. or 119.9 megacycles.

In all cases it is merely a matter of shifting the decimal point
to its correct place.

|

High Frequency Reception.—Due to inductance and capaci-
tance effects between coils and wires, the requirements of re-
ceivers for short waves are different, from that of ordinary re-
ceivers. This is on account of the high frequencies associated
with short waves.

In a short wave receiver all wires from grids and plates of
tubes should be kept short and well separated. It has been found
to be good practice to utilize buss bars in the wiring, as well as
metal panels, well grounded—this in order to mitigate the ever
present hand-capacity when tuning.

Most short wave set designers do not fully appreciate the
fact that the entire success of their receivers depend upon how
smoothly and easily they can control regenerative action of the
detector tube.

Hence the control of regeneration in the detector stage is an
important factor for successful short wave reception. |
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Relations of natural wavelength in meters (m) to frequency in kilocycles

(k.c.). (Tables are reversible.)—(continued)

m. Ke. m. . kc. m. ke m. ke m. kc_.'
10 29,982 510 587.9 1,010 296.9 1,510 198.6 2,010 149.2]
20 14,991 520 576.6 1,020 293.9 1,520 197.2 2,020 148.4
30 9,994 530 565.7 1,030 291.1 1,530 196.0 2,030 147.7
40 7,496 540 555.2 1,040 288.3 1,540 194.7 2,040 147.0
50 5,996 550 545.1 1,050 285.5 1,550 193.4 2,050 146.3
60 4,997 560 535.4 1,060 282.8 1,560 192.2 2,060 145.5
70 4,283 570 526.0 1,070 280.2 1,570 191.0 2,070 144.8
80 3,748 580 516.9 1,080 277.€ 1,580 189.8 2,080 144.1
90 3,331 590 508.2 1,090 275.1 1,590 188.6 2,090 143.5
100 2,998 600 499.7 1,100 272.6 1,600 187.4 2,100 142.8
110 2,726 610 491.5 1,110 270.1 1,610 186.2 2,110 1421
120 2,499 620 483.6 1,120 267.7 1,620 185.1 2,120 141.4
130 2306 630 475.9 1,130 265.3 1,630 183.9 2,130 140.8
140 21142 640 468.5 1,140 263.0 1,640 182.8 2.140 140.1
150 1,999 650 461.3 1,150 260.7 1,650 181.7 2,150 139.5
160 1,874 660 454.3 1,160 258.5 1,660 180.6 2,160 138.8
170 1,764 670 447.5 1,170 256.3 1,670 179.5 2,170 138.1
180 1,666 680 440.9 1,180 254.1 1,680 178.5 2.180 137.5
190 1,578 690 434.5 1,190 252.0 1,690 177.4 2.190 136.9
200 1,499 700 428.3 1,200 249.9 1,700 176.4 2,200 136.3
210 1,428 710 422.3 1.210 247.8 1,710 175.3 2.210 135.7
220 1,363 720 416.4 1,220 245.8 720 174.3 2220 135.14
230 1,304 730 410.7 1,230 243.8 1,730 173.3 2,230 134.4
240 1,249 740 405.2 1.240 241.8 1,740 172.3 2,240 133.8
250 1,199 750 399.8 1,250 239.9 1,750 171.3 2,250 133.3
260 1,153 760 394.5 1,260 238.0 1,760 170.4 2,250 132.7
270 1,110 770 389.4 270 236.1 1,770 169.4 2,270 1321
280 1,071 780 384.4 1,280 234.2 1,780 168.4 2,280 131.5
290 1,034 790 379.5 1,290 232.4 790 167.5 2,290 130.9
300 999.4 800 374.8 1,300 230.6 1,800 166.6 2,300 130.4
310 967.2 810 370.2 1,310 228.9 1,810 165.6 2310 129.8
320 936.9 820 365.6 1,320 227.1 1,820 164.7 2,320 129.2
330 908.6 830 361.2 1,330 225.4 1,830 163.8 2,330 128.7
340 881.8 840 356.9 1.340 223.7 1,840 162.9 2,340 128.1
350 856.6 850 352.7 1,350 2221 1,850 162.1 2,350 127.6
360 832.8 860 348.6 1,360 220.4 1,860 161.2 2,360 127.0
370 810.3 870 344.6 1,370 218.8 1,870 160.3 2,370 126.5
380 789.0 880 340.7 1,380 217.3 1,880 159.5 2,380 126.0
390 768.8 890 336.9 1,390 215.7 1,890 158.6 2,390 125.4
400 749.6 900 333.1 1,400 214.2 1,900 157.8 2,400 124.9
410 731.3 910 329.5 1,410 212.6 1,910 157.0 2,410 124.4
420 713.9 920 325.9 1,420 211.1 1,920 156.2 2,420 123.9
430 697.3 930 3224 1,430 209.7 1,930 155.3 2,430 123.4
440 681.4 940 219.0 1,440 208.2 1,940 154.5 2,440 1229
450 666.3 950 315.6 1,450 206.8 1,950 153.8 2,450 1224}
460 651.8 960 3123 1,460 205.4 1,960 153.0 2,460 121.9
470 637.9 970 309.1 1,470 204.0 1,970 152.2 2,470 1214
480 624.6 980 303.9 1,480 202.6 1,980 151.4 2,480 120.9
490 611.9 990 302.8 1490 201.2 1,990 150.7 ,490  120.4
500 599.6 | 1,000 299.8 1,500 199.9 '000 149.9 2,500 119.9
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Relations of natural wavelength in meters (m) to frequency in kilocycles
