















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































710 ESSENTIALS OF RADIO

19. (@) What are some applications of the vacuum-tube voltmeter? () What are
the advantages of the vtvin?  (¢) What precautions are neeessary in using a vaeuum-
tube voltmeter?

20. Describe the construetion and prineiple of operation of a socket-selector unit.

21. (a) What is a set analvzer? (b) What are its advantages?

22. (a) What is an audio oscillator? (b) Name two types of cireuits used in com-
merecial audio oscillators. (¢) What are the advantages of the resistance-capacitance
type of audio oscillator?

23. Describe seven uses of the audio oscillator,

24, (a) What is an r-{ test oseillator? (b) What are the requirements of a good
r- test oscillator?

25. (a) What is a signal generator? (b) What are two other names for a signal
generator?

26. Describe some applications of the signal generator.

27. What procedure is suggested for aligning a radio receiver?

28. Describe the two characteristies of an electron beam that enables the beam
to be deflected or focused by use of eleetric or magnetie ficlds.

29. Describe the general construction of a cathode-ray tube.

30. Explain the operation of an eleetron gun.

31. (u) Explain the electrostatic field method of focusing the electron beam.
(b) What is an intensifier?

32. (¢) What materials are used in making a fluorescent screen? (b} What seven
colors arc used for the fluoreseence of the sereen? (¢) Which color of fluerescence is
generally used?

33. Explain the operation of the electrostatic deflection of an electron beam.

34. Explain the operation of the electromagunetie deflection of an electron beam.

36. Describe the RMA numbering system used for cathode-ray tubes.

36. (@) What is an oscilloscope? (b) What is the basie principle of the oseillo-
scope? (¢) Describe the operation of an oscilloscope.

37. Define: (a) sweep, (b) sweep {requency, (¢) sweep time, () flyback time.

38. (a) Whal is a swcep oscillator? (&) What is the advantage of a saw-tooth
wave?

39. Describe the operation of a simple sweep generator cireuit that is eapable of
producing a saw-tooth wave.

40, (a) What is the disadvantage in using a gas tube in sweep generator cireuits?
(b} What is meant by a trigger cirenit? (¢) What is the advantage of trigger eircuits?

41, How is a stationary pattern olhtained on the fluoreseent screen of an oscillo-
scope?

42, Describe the operation of a commercial cathode-ray oscilloscope.

43, Describe several applications of the oscilloscope.

44, (a) State four requirements of a good commereial tube tester. (b) What is
the advantage of a dynamic mutual conductance test?

46. Describe several applications of the L-C Checker.

48. (a) Whatisa Chanalyst? (b) What are the uses of a Chanalyst?  (¢) Deseribe
the general testing procedure when using a Chanalyst.



APPENDIX I

DRAWING SYMBOLS USED IN ELECTRONICS

I
7

Antenna.

Coil or loop antenna.

Doublet antenna.

Ground wire.
(BorisBas
gage wire)

Nearesf water pipe
orgrourid

L%

Ground.

711

Counterpoise.
(Body of car forms a counterpoise.)

Battery cell.
(Positive terminal indicated by a long line.)

i1

Battery
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Frequency meter or wave meter.

—— 9=

Conductors not joined.

J i

] -

Conductors joined.

Binding post.

-

Line plug.

L@&f

Closed circuit jack.

u ¥

Open circuit jack.

Multiple circuit jack.
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Double-pole double-throw
reversing switch.

Single-deck circuit-selector switch.

Multiple-deck circuit-selector switch.

R

Fixed resistor.

H

Adjustable resistor.

il

Tapped resistor.

Rheostat.

Potentiometer.

713



Thermo element,

i,

Inductor, air-core.

Inductor, iron-core.

Adjustable inductor.

Tapped inductor,

ESSENTIALS OF RADIO

Variable inductor.
(Variometer.)

Transformer with variable coupling.
(Variocoupler with the moving cail
indicated.)

"Three-circuit tuner.

]

Transformer, iron-core,




DRAWING SYMBOLS USED IN ELECTRONICS

3

Push-pull transformer,

=
=
=

Power transformer.

Variable-core transformer.

by S
Relay; circuits B: and B: closed when
decnergized.

715

Fixed capaeitor.
(Paper, mica, or oil.)

S §

Eleetrolytic capacitor.

Adjustable capacitor,
(Trimmer.)

Adjustable capacitor.
(Padder.)

K-

Split-stator variable capacitor.
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Ganged variable capacitors.
Mechanical linkage.

Coaxial cable.

= =S -

T'win coaxial cable.

e e T $TTRTY
,’F_'_—'! it
18 &

Shiclded cable.

:.-)ﬁ—'«’

y /g/

Earphones.

Dynamic speaker.

Magnetic phonograph-pickup.

Crystal phonograph-pickup.
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)

Velocity microphone.
(Ribbon.)

Dynamic microphone.
(Moving coil.)

Crystal detector.

Contact rectifier, half-wave.

a-C 7
Contact rectifier, full-wave.

Vibrator, nonsynchronous.
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AC motor or generator
(Single phase.}

Link coupling.

Neon lamp.

Photo tube.

Cold cathode triode.
(Gaseous.)

Voltage regulator, cold eathode.
(Gaseous.)
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Half-wave rectifier,
directly heated cathode.

:z_nn."?i

Full-wave rectifier,
directly heated cathode.

Half-wave rectifier,
indirectly heated cathode.

Full-wave rectifier,
indirectly heated cathode.

Triode, directly heated cathode, Beam-power amplifier.
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Electron-ray indicator tube.

Cathode-ray tube,
electromagnetic-deflection type.

A

Cathode-ray tube,
electrostatic-deflection type.

Cathode-ray tube.
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LETTER SYMBOLS AND ABBREVIATIONS USED IN

ELECTRONICS
Term Symbol Abbreviation

Alternating current............. ... ... .. ... a-c
Alternating current or direct current............... a-c/d-c
American Standards Association................... ASA
Ampere (unit of eurrent flow)........... ... ... I a or amp

Miliampere.. ... i ma

MICTOaMPere, . oottt e e ua
Ampere-turn. ... ... ... il NT A-T
Ameriean Wire Gauge. ............coovvnnnn... AWG
Antenna. ...... .. i ant
Apparent power (see also Volt-amperss)............ VA A-P
ATEa . i e A

Cireular mils............... ... o it cm or cir mils

Square centimeters......... ... ... ... .. sq cm

Squareinehes. ... . ... ... ... .. ... .. il sq in
Automatic frequency control............... ... ... afc
Automatic volume control........................ ave
Capacitance........... ... ..o C
Capacitor.............. ... C
Cathoderay........ ... ... ..o e-r

Cathode-ray tube................... .. ... .. crt

Cathode-ray oscilloscope. . ...........oovoonnn.. ¢ro
Centimeter-gram-second . .................... ..... egs
Conductance. ..., G
Constant.....ooiriitinir i K
Continuous Wave. ... ..o vvrererrrriainecnaennn W

Interrupted continuous wave. . ................. icw

Modulated continuous wave............c.o...... mew
Coulomb (unit of charge)...................... ... q
Coupling, coefficient of ................ccoviiiin.. K
Current. . ... 1

Alternating. ...... ... .o i a-c

Averagevalue. ... .................. . ... Tave

Direct. . ... e d-¢

Effective value (also rms value)................. I

Instantaneous value............... ... . 0l g

Maximum value............. ... oo Tinax

Signal. oo e z
CYCleS . o v ittt e ~ e
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Term

Symbol

Abbreviation

Per second (see ulso Frequencey).................
Kilocyeles. ... i
Megacyeles. ... oo
Decibel.. ...
Density, flux........ ... ..
Diameter............ ... ... .
Direct current. .......... ... ... .. ... ...

Distance.............. oo

Efficiency. ... ...

Electromotive force. ... ...... ... ... ... ... i

Counter electromotive force. ...................
Energy. .. ..o
Equivalent......... ... ... .. ...
Farad (unit of capacitance)......... ... ... ......

Mierofarad. ... ... ... .. ..

Resonance.............. ... i i
Superhigh..... .. .. .. . .
Ultrahigh. ... ... ..
Veryhigh. .. ... i
Gausses (magnetic indnetion) ..o oL
Gilbert (unit of magnetomotive foree)..............

Greek alphabet

Kappa. ..o

W

B
P

Jr

B
7

Capi- Lower

tal
A
B
T
A
E
VA
H
3]

QU L A

case

R

O MY E T e @A vra = ®

¢ps or ¢/sec
ke
me
db

d or diam
d-¢

eff
emf
cemf
en
eq
i
uf
upf

a-f
i-f
f-m
r-f

shf
uhf
vhf
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Symbol

Abbreviation

Phi..oooo

Henry (unit of inductance)......... .. ... ... ...
Millihenry. ..o
Microhenry. ...

Impedance. .. ...t

Length......oooo i
Toudspeaker............ ... ..
Magnetomotive force............. ... .. ... ...
Master oscillator power amplifier. ... ... ... ..
Mathematieal symbols

Therefore........ooir i R
Multiplied by..........cooi i
Divided by............ ..
Positive, orplus .. ... ... oL oL
Negative, orminus . ...... ... ... ... .........
Plusorminus.......... ... ... ... ... . ... ..

Tangent...... ... .
Common logarithm............................
Antiloganithm.......... ... ... ... ... ... ...
Cologarithm...... ... ... ... . ... . ..........
Maximum. ...

€ & X % © % Qv 3

mmf

mopa or MOPA

sin
cos
tan
log
antilog
colog
max
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Term Symbol Abbreviation
Maxwell. ... o ¢
Meter (measureof length). . ... .o o o m
Centlmeter...........oviii i cm
Millimeter. ........... . mnm
Minimum. ..o e min
Modulation, amplitude........................... a-m
Factor... ... ... ... m
Frequency.......... ... .. .. .. ... .. ... ... ..., {f-m
Percentof............ .. ... ... . ..., M
Phase.....ooov i p-m
Oersted (unit of magneuc mtensity) .............. H
Ohm (unit of resistance)......................... Qor w
Megohm. ... .. ... .. ... . i Ma meg
Permanent magnet (loudspeaker)............. .. .. PAr pm
Permeability........ooooov u
Permeance. ........ .. ..o ®
L T 7(3.1416)
Phaseangle.................cooiiii i 6
Pole, north seeking. ... ........... ... ... ... N
Southseeking........... ... .. ... .......... S
Power., . ... e p
Power, output............cocviiiii P,
Power, output maximum. ... .........cooeeie.... Pom
Power, output maximum undistorted............. . Pomu
Power amplification. .................. ... ..., PA
Power factor............. . i, p-f
Primary... ...t e e P p or pri
Q-Factor (also Raticof Xpto &).................. Q
Reactance. . . . X
Inductlve .................................... X,
Capacitive. ... ... Xe
Radio Manufacturers Association,,................ RMA
Reluetance. .. ..ooooui i ®
Resistance......... .. ... . it Rorr resis
Root mean square....... .. .. .. .. ... .. . ... ... rms
SBecondary................ ... ... S sec
Switch....... ... S swW
Single pole, single throw........................ spst
Single pole, double throw....................... spdt
Double pole, single throw...................... dpst
Double pole, double throw. . .................... dpdt
Three deck, four circuit, eight positions.......... 3d-4c-8p
Temperature, coefficient.................... ... .. T,
Degrees centigrade. . ............ ... °C
Degrees Fahrenheit............................ °F
Thickness.......coooviviiiiiiiniiii t
Time tor T
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Term Symbol Abbreviation
Seconds........coiiiiiiiii sec
Microseconds. ... ... ... usec
Minutes...........c. min
Hour ... ..o hr

Time eonstant........... .o il t
Transformer. . ... ..o it i r
Tuned radio frequency........................... trf
Turns, numberof .. ....... ... ... .. N
Vacuum tube........oo o Ve
Vacuum-tube symbols
Cathode............ ... . i i K
Heater..........c. i, n
Plate (oranode)............ ... ..., P
Control gridinatriode........................ G
Contrel grid in a multigrid tube................. G,
Sereen grid. ..., a,
Suppressor grid.......... ... .o i Gy
Plate supply voltage........................... Ey
Control-grid supply voltage..................... Eeer
Sereen-grid supply voltage............. e B
Filament or heater supply voltage............... sy
Instantaneous total grid voltage................. &
Instantaneous total plate voltage................ e
Instantaneous total grid current................. %e
Instantaneaus total plate eurrent................ %
Average or quiescent value of grid voltage...... .. E.
Average or quiescent value of plate voltage....... B,
Average or quiescent value of grid current........ I.
Average or quiescent value of plate current....... Iy
Instantaneous value of the varying component of
the grid voltage. ..........cooveerneenao, ey
Instantaneous value of the varying component of
the plate voltage......... ... ... ... ... ... €p
Instantaneous value of the varying component of
thegrid current.............c.ciiiii .. g
Instantaneous value of the varying component of
the plate current............cocvirvuieannnn. p
Effective or maximum value of the varying com-
ponent of the grid voltage.................... E,
Effective or maximum value of the varying com-
ponent of the plate voltage................... By
Effective or maximum value of the varying com-
ponent of the grid current.................... I,
Effective or maximum value of the varying com-
ponent of the plate current................... I
Filament or heater terminal voltage............. By
Filament or heater current. .................... I
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Term Symbol Abbreviation

Plate resistance............... ... ..o iiiin... rp

Grid-plate transconductance (mutual conductanee) G

Amplification factor.............. .. ... ... I

Grid-plate capacitance............ ... .. ... ... Cup

Grid-cathode capacitance....................... Cox

Plate-cathode capacitanee. ... .................. Cor

Grid-heater capacitance........................ Con

Plate-heater capacitance. ...................... Con

Poweroutput..... ... ... ... ... o ., P,

Powerinput........ ... ... ... . i r;

Plate dissipation............coooiiiii i, P,
Vacuum-tube voltmeter....... ... ... ... ... ... ... vtvim
Volt (unit of electrical pressure)................... E v

Kilovolt. . ..o kv

Millivolt. ... myv

Microvolt.. ... v
Voltage. .. .o v i ieiiie e E

Average value. .. ... .. .. ... .o i Fave

Effective value (alsorms value)................. E

Instantaneous value. ... ... . ... ... oL €y

Maximum value........... ... .. o oL Frnax

Signal.......o e
Volt-amperes. . ........... .. i i . 1A v-a

Kilovolt-amperes......... ... ... . oo o . KV A kva
Voltage amplification................ oo, VA

Voltage amplification at medium values of andio

frequencies. .. .. ...oovvrerein e i VA
Voltage amplification at low values of audio fre-
QUENCICS . v v e e et et mneeers ot eeeae e VA,

Voltage amplification at high values of audio fre-

QUENCIES. .. ovevnaevevrnnss e YAy
Voltage regulation............... ... ... ....... VR
Volume unit.. ... .. . v-u
Watt (unit of electrical power). ................... " orP w

Kilowatt. ... ... .o i kw
Kilowatt-hour. ........... .. ... oo o L. kwhr
Milliwatt. ..o mw
Microwatt. .. ... nw
Wavelength. ........ .. .. ... . .. .. .. A
Wire, single cotton covered.......... .. .......... see
Double eotton covered. . ... .. . Lol i, dee
Single sitk covered.. ... ... Lo L L s8¢
Double silk covered............ ... dse
Enamel single cotton covered..,............. ... esce
edsc

Enamel double silk covered.....................
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CONVERSION FACTORS

| Divide by

Given To obtain Multiply by |
Amperes Milliamperes 1000
Amperes Microamperes 1,000,000
Ampere turns Gilberts 1.257
Bars Dynes per sq em 1
Centimeters Fect i, 30.48
Centimeters Inches ... 2.54
Centimeters Meters  |o.ooa 100
Centimeters Millimeters 10
Centimeters Mils 393.7
Circular mils Square eentimeters  f............. 197,300
Circular mils Square inches .. ........... 1,273,000
Circular mils Square mils | ... .. 1.273
Cyeles per scecond Kilocycles per second  |............. 1000
Cyecles per second Megacyecles per second  |............. 1,000,000
Degrees (angle) Minutes 60
Degrees (angle) Seconds 3600
Degrees (angle) Radians ... 57.3
Dynes Grams ool 980.7
Dynes Kilograms  {........o... 980,665
Dynes Ounces  fo.o.ioo. 27,800
Dynes Pounds |l 444,823
Dynes per square centi- | Bars 1

meter
Farads Microfarads 1,000,000
Farads DMicromierofarads 1012
Feet Centimeters 30.48
Feet Inches 12
Feet Meters  qeeeaa.... 3.281
Feet Miles oo 5280
Foot-pounds per minute Horsepower — |............. 33,000
Foot-pounds per second Horsepower ... ... ..., 550
Frequency in kilocyecles Wavelength in meters (See Appendix XIV)
Gausses Lines per square centi- 1
meter

Gausses Lines per square inch 6.452
Gilberts Ampere-turns | ... 1.257
Grams Dynes 980.7
Grams Kilograms | . ool 1000

727



728

ESSENTIALS OF RADIO

Given To obtain Multiply by Divide by
Grams Ounces ool 28.35
Grams Pounds — fLoooooo 453.6
Henries Millihenries 1000
Henries Mierolienries 1,000,000
Horsepower Foot-pounds per minute 33,000
Horsepower Fooi-pounds per sccond 550
Horscpower Kilowatts — J.... ..o, 1.341
Horsepower Watts 746
Inches Centimcters 2.54
Inches Feet L. 12
Inches Meters o 39.37
Inches Mils 1000
Joules Kilowatt-hours  |[............. 3,600,000
Joules Watt-hours ... 3600
Joules Watt-scconds 1
Kilo-units Units 1000
Kilocyeles per sceond Cycles per second 1000
Kiloeycles per second Megaeyeles per sceond ... ... ..... 1000

Kilocycles per second
Kilograms
Kilograms
Kilograms
Kilometers
Kilometers
Kilovolts
Kilovolt amperes
Kilowatts
Kilowatts
Kilowatt-hours

Lines per square centimeter
Lines per square centimeter

Lines per square inch
Lines per square inech

Megacycles per second
Megacyeles per second
Mega-units

Megohms

Meters

Meters

Meters

Meters

Mhos

Microamperes
Mieroamnperes
Microfarads
Microfarads

Wavelength in meters
Dynes

Grams

Pounds

Meters

Miles

Volts

Volt-amperes
Horsepower

Waits

Joules

Gausses

Lines per square inch
Gausses

Lines per square ccnti-

meter
Cycles per second
Kilocyceles per second
Units
Ohms
Centimeters
Feet
Inches
Millimeters
Micromhos
Amperes
Milliamperes
Farads
Micromicrofarads

(See Appendix NIV)

980, 665
1000

1000 -
3,600,000

1,000,000
1000
1,000,000
1,000,000
100

3.281

39.37
1600
1,000,000

1,000,000

1.609

[~
[
[SL I
W W

.|1,000,000

1000

.l1,000,000
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Given To obtain Multiply by Divide by
Microhenries Henries ... ... ... 1,000,000
Microhenries Millihenries | ... ... 1000
Micromhos Mhos | 1,000,000
Micromicrofarads Farads ... 1012
Micromicrofarads Mierofarads ... ... 1,000,000
Micromicro-units Units ..ol 1012
Microseconds Seconds ..., 1,000,000
Micro-units Onits L. 1,000,000
Microvolts Volts | oL 1,000,000
Microvolts Millivolts ... ... 1000
Microwatts Watts | 1,000,000
Microwatts Milliwatts ... 1000
Miles Feet 5280
Miles Kilometers 1.609,
Milliamperes Amperes ... 1000
Milliamperes Microamperes 1000
Millihenries Henries | ... ... ... 1000
Millihenries Mierohenries 1000
Millimeters Centimeters ... .. ..., 10
Millimeters Meters ... 1060
Milli-units Units | 1000
Millivolts Volts | .. 1000
Millivolts Miecrovolts 1000
Milliwatts Watts |l 1000
Milliwatts Miecrowatts 1000
Mils Centimeters | . ... 393.7
Mils Inches ool 1000
Minutes Seconds 60
Minutes Degrees ...l 60
Ohms Megohms ...l 1,000,000
Ounces Dynes 27,800
Ounces Grams 28.35
Ounces Pounds |l 16
Pounds Dynes 444,823
Pounds Grams 453.6
Pounds ilograms ~ {...i.iiaae... 2.205
Pounds QOunces 16
Radians Degrees 57.3
Seconds Degrees  deesieiiaann 3600
Seconds Microseconds 1,000,000
Seconds Minutes 0 |ieiiieeaoonn 60
Square centimeters Circular mils 197,300
Square centimeters Square inches ... ...l 6.452
Square inches Circular mils 1,273,000
Square inches Square centimetors 6.452
Square mils Circular mils 1.273
Units Mega-units 0 |..eeiiieennn 1,000,000
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Given To obtain
Units Kilo-units
Units Milli-units
Units Micro-units
Units Miecromicro-units

Volt-amperes
Volts
Volts
Volts

Wavelength (meters)

Watt-hours
Watt-seconds
Watts

Watts

Watts

Watts

Kilovolt-amperes
Kilovolts
Millivolts
Microvolts
Frequency (ke)
Joules

Joules
Horsepower
Kilowatts
Milliwatts
Microwatts

Multiply by : Divide by
............. 1000
1000
1,000,000
1012
............. 1000
............. 1000
1000
1,000,000
(See Appendix XIV)
3600
1
............. 746
............. 1000
1600
1,000,000




APPENDIX 1V
EXPONENTS AND THEIR USE

When circuit or problem calculations involve the use of very large or very small
numbers, the method’ of expressing these numbers and performing arithmetic oper-
ations can be simplified by the use of exponents. This is really a shorthand method
of mathematies.

The following table shows a list of numbers and the corresponding representations
by the exponent method.

Number Inxponent method Number Exponent method
100,000,000 108 1 100
10,000,000 107 0.1 =4 101
1,000,000 108 0.01 =, 10-2
100,000 108 0.001 = 35, 1073
10,000 104 0.0001 101
1,000 103 0.00001 105
100 102 _ 0.000001 10-6
10 101 ! 0.0000001 1077
1 10° 0.00000001 10-¢

The following examples illustrate the usc of the exponent method of expressing
common numbers.
. 5ma = 0.005 amp = 5 X 107% amp
. 25 pa = 0.000025 amp = 25 X 1075 amp
. 8.9 me = 3,900,000 cycles = 3.9 X 10° cycles
. 8,500,000 = 8.5 X 108
. 0.0035 = 3.5 X 1073
. 6.28 X 101 = 6,280,000,000,000,000,000
Note.—This is the number of electrons corresponding to one ampere.
Numbers that have similar exponent characteristics may be added or subtracted
as indicated by the following illustrations. :
7. (4.5 X 108) + (8.25 X 10%) + (0.25 X 10%) = 13 X 108
8. (8.5 X 10%) — (3.5 X 10%) =5 X 108
When numbers are multiplied, the exponents are added. The exponents do not
have to be the same.
9. 650,000 X 3,000 = (6.5 X 10%) X (3 X 10%) = 19.5 X 10%
10, 2,500,000 x 0.005 = (2.5 X 108) X (5 X 1073) = 12.5 X 103
11, 0.015 X 0.0006 = (1.5 X 1072) X (6 X 107¢) =9 X 107¢
When numbers are divided, the exponents are subtracted. The exponents do
not have 1o be the same.
12, 750,000 = 150 = (7.5 X 10%) + (1.5 X 10%) = 5 X 103
731

DW=
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13. 2,500 + 50,000 = (25 X 10%) + (5 X 10%) = 5 X 102

14. 5,000 <+ 0.025 = (5 X 10%) + (2.5 X 107?) = 2 X 10°

When a number set up in its exponent form is increased by a power such as a
square, eube, ete., the number 1s inercased by the power and the exponent factor is
multiplied by the power as is indieated by the following illustrations.

15. 15,0002 = {15 X 1092 = 225 X 106

16. 300° = (3 X 102)3 = 27 X 10°

17. 20004 = (2 X 1094 = 16 X 102

When it is desired to obtain the root of 4 number, the exponent method may some-
times facilitate the work. This does not apply to every number and root hut requires
keen ohservation to deteet when it may be used. The proecdure is to extract the
root, of the number and divide the exponent factor by the root. This is illustrated
by the following examples.

18. /64 X 108 = 8 X 10¢

19. +/64 X 10° = not solvable by the short method

20. v/64 X 10° = 4 X 10°

21. /16 X 108 = 2 x 102

By using combinations of the preceding procedures it is often possihle to shorten
mueh of the {edious work of arithmetic and to increase the speed and accuracy of
electrical circuit caleulations. The method of solution in the following illustrations
may not be apparent immediately, but upon careful inspeetion it should be detected.
26,000 4 14,000 4 2000 _ (26 + 14 4+ 2)10° _ 42 X 108

22. 1100 — 800 =T ai-gier T gxior -7 X1
5, 2500 X 500 X 2000 _ 25 X 102 X 5 X 10* X 2 X 10° _ 250 X 107
© T80 X 12,500 § % 107 X 1.25 X 10¢ 10 X 10°
=25 X 102
5y 630 X 2000 X 400 _ 6.5 X 102 X 2 X 103 X 4 X 10* _ 52 X 107
© T 0.02 X 0.013 2 X107 X 13 X 10° 26 X 1075

=2 X 1012



APPENDIX V
FORMULAS COMMONLY USED IN RADIO AND ELECTRONICS

Note.—The numbers appearing opposite the equations correspond to the numbers
of the same equations in the text or to the equations from which they were derived.
These numbers are included to facilitate reference to figures, text, and nomenclature
when such reference is desirable.

DIRECT CURRENT

Ohm'’s Law
Voltage = IR = i—) = /RP (2-26), (2-27)
_E_P_ \/E
Current = 2=5=VE& (2-26), (2-27)
. E P E*
Resistance = T=pE=7P (2-26), (2-27)
72
Power = £I = I'R = 2 @-27)
Series Circuit
R = T + T2 + ra ¢ (2—28)
E=e +e+es- - (2-20)
I =iy =dg=173- (2-30)
P=p +p:s+ps--- (2-31)
Parallel Circuits
Two resistors in parallel
_ 1Ty _
R =0 (2-32a)
Rry (2-32h)

T2 = r — R
Any number of resistors in parallel
1

R = _—l T 1 (2-32)
(81 T2 73

E=¢ =¢ =¢ - - - (2-33)

I =i 4t +4 - (2-34)

P=p+p+ps--- (2-31)

ALTERNATING CURRENT

Maximum, Effective, and Average Values of Sine Wave Currentfs and Voitages

Maximum value = /2 effective value = 1.414 effective value
_ effective value

= 1.57 average value

0.707
Effective value — maximum value _ maximum value
e V2 1.414
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Iiffective value = 0.707 maximum value = 1.11 average value
Average value = 0.637 maximum value = 0.9009 effective value

Ohm's Law
, . P
Voltage = IZ = 7% PF (2-35), (2-36)
o P
Current = 7= E—XI—’T‘ (2-35), (2-36)
Impedance = f P— = VR (X7, — Xo)2 (2-35), {2-37a}, (2-41)
Power = 2R = F X I X P-F (2-1), (2-36)
rawer factor = & = B
Power factor = yr =7 = 08 8 (2-37), (2-37a), (2-37b)
Series Circuit
Resistance and inductance
Z=+R Xy (2-10)
R =~/7% — X2 (2-10)
XN =~2Z* — R? (2-10)
Resistance and capacitance
Z =+R +X¢t (2-22)
R =~Z2" = X¢ (2-22)
= /7% — It (2-22)
Inductance and capacitance
Z=X1—-X¢ (2-41)
X =24+ X¢ (2-41)
Xe=2Z+X, (2-41)

Resistance, inductance, and capacitance

= VR + (XL — Xo)® (2-41)

R =+72"= (X1 - XcP (2-41)
Xo=~2—F 4 X¢ (2-41)
Ne=X1 — 2Rt (2-41)

Any number of resistors, inductors, and eapacitors in series (Fig. 2-33)

Z=\/(?')+7'2+1'3"')2+(-‘2L1+1L2+IL3"'—1 — rcy — Zcg - - )
98). (9-39) (2-10), (2-41)
E=e¢ tegt+es- - - (added Veciorlally) (2-42)
I =iy =iy=13 - (2-30)
P=p+p+ps-- (2-31)
N
P-F i (2-37)

Parallel Circuits

Two ecircuits in parallel

. L\Z,
7z I 7 (2-54)
Resistancee and inductance
7= B (2-54)
VLY
Resistance and capacitance
2z =__1ftXc (2-54)




APPENDIX V 735

Inductance and capacitance

Xz,)(c
g . S1Xe 9.5
Z X - Xo (2-54)
Resistance, inductance, and capacitance
7 _ RX1X¢ (2-54)
VX 1Xe)? 4 R*( X — X¢)?
For parallel circuits listed above
EF=¢ =@, =¢g3 -« « (2-33)
I =0 +1iyg+25 ¢ (added vectorially) (2-43)
P=pi+pt+p - (2-31)
pF =L @-37)

EI
Combination Parallel-series Circuit

Also see equations listed under Parallel Resonant Circuit. No single cquation is
available for this type of circuit. For solution see Art. 10-9 of the authors’ Electrical
Essentials of Radio.

INDUCTORS
Inductance of a Coil
Multilayer coil
0.8a?N?
L=gTo +10c (z-5)
Flat or pancake coil
a?N?
L=m+m @50)
Solenoid
aiN?
L=grtim (2-50)
Inductive Reactance
X5 = 2afL (2-8)
Impedance of a Coil
Z = /R + X;1* (2-10)
Power Factor
cos oy =T o ___Br (2-12), (2-12a)
Zr  A/RiP + X1
Coil Q
_ X1 _ 2fL
Q = e (2-8), (2-58)
Inductors in Series
Lr=Li+Ls+1s - - - (no flux linkage between coils) (2-13)
Xir =x5 + 272 + 213 - - - (no flux linkage between coils) (2-39)
Lr =L, + L, + 2K ~/I.L;  (flux linking the coils) (2-15)
Xzr = 2xzfLy (2-8)
Inductors in Parallel
Ly = —1-——1—1—1—— (no flux linkage between coils) (2-14)
Lttt
Xp = T T 1 1 {no flux linkage between coils) (2-45)
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Mutual Inductance
M =K/Li,

M2
L= g,
Coefficient of Coupling
M
V' L\L,
Energy Stored
Lz
W=
CAPACITORS
Capacitance
C = 22 45K A(N — 1)
10%
Capacitive Reactance
, 10° 159,000 ..
Xe = ZjC = 0 (C in microfarads)

Impedance of a Capacitor
Z = VERe? + X¢t
Power Factor
Zo ~ VRet + Xot
Capacitors in Series :

Two capacitors

_ G,
Cr=tta
_ CrC,
C: = C, —Crp
Any number of capacitors
1
Cr =
1 1 1
atota
Xer = + =z —i—:c---—ms
cT = Ty C2 C3 = %fCr
Capacitors in Parallel
Cr=C+Co+Cs - - -
o = 1 _ 10t
aer = 1 1 = %ufCr
e = ..
Tcy Tca Zcs
Energy Stored
_ CE*®
W=
RESONANCE

Resonant Frequency, Inductance, and Capacitance

(Applies to both series and parallel resonant circuits)

Frequency of resonance
5= 108 _ 159
T 2:IC <IC

(2-6)
(2-6)

(2-6)

2-3)

(2-19)

(2-20), (2-20q)

(2-22)

(2-23), (2-230)

(2-24a)

(2-24b)

(2-24)

(240), (2-20)
(2-25)

(2-46), (2-20)

(2-18)

(2-48)
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Inductance required for resonance

25,300

L="ga @49)
Capacitance required for resonance
. _ 25,300
C = L, (2-50»
Series Resonant Circuit (Fig. 2-36a)
At any frequency
Z =R+ (X — Xo)? (241)
At resonant frequency
Z =R (minimum value possible)
I= % (maximum value possible)
Er = E¢ = EQ (2-53)
Parallel Resonant Circuit (Kig. 2-36b)
At any frequency
) Zr = L‘Z_L (2-54)
Zy+ 2,
v R? 4 X2
2r = Xe N 7 2 o &5
when R iz much smaller than Xz,
I 2eXp (2-55)
VR + (X — Xo)?
At resonant frequency
Zr = QX, =2E (maximum possible valuc) (2-56)
I, =1c=1Q (2-57)
I1=_7- {minimum possible value) (2-35)
QXL
Width of Frequency Band for a Single Resonant Circuit at 0.707 of the Maximum
Response
_ B
h—fh=5=57 (2-59)
COUPLED RESONANT CIRCUITS
Width of Band Pass
f: — fi = Kf: (2-84)
Critical Coupling
1.5
K.=—F—c (2-86)
V' QrQs
2.25
QrQs = 3 (2-87)
TANK CIRCUIT
Energy Stored
Li® | Ce?
7, = —— = -
W, 3 + 5 (10-6)
Wz = CEzz (10-130)

W, = Li? (10-14)
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Ratio

Secondary Voltage

Reflected Impedance

Reflected Resistance

Reflected Reactance

Reflected Inductance

Reflected Capacitance

Resistance-inductance Circuit

Resistance-capacitance Circuit

In Terms of Power

ESSENTIALS OF RADIO

TRANSFORMERS

_ Vs _ \JLs _ \[Rs
=N T \/Lp_ e

Es = nEp
Zs
ZP_S = n"—z

Rs
Rp s = —

n
Rs_.p = n°Rp
. Xs
Xy =33

n

TIME CONSTANT

L

t ==

R
t=CR
DECIBELS

db = IOIOggI .
2

In Terms of Voltage and Resistance

In Terms of Voltage

db = 20 log

EL V R
E: /R,

db = 20 log %
2

In Terms of Current and Resistance

In Terms of Current

db = 20 log

II‘V/E

I» \/_Rz

db = 20 1og%
2

(2-72), (2-72a)

(2-16)

(2-73)
(2-74)

(2-76)
(2-77)

(2-78)
(2-79)

(2-80)
(2-81)

(2-82)
(2-83)

(2-88)

(2-89)

(&1

(8-2¢)

(8-4)

(8-30)

{85)
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In Terms of Pressure Levels

db = 20 log r%

VACUUM-TUBE CONSTANTS
Amplification Factor

w = g—z—"’ (#%» — constant)
B = gmnTp
Dynamic Plate Resistance
Ty = g—? (e — constant)
b
"
Py = —
T gm

Grid-plate Transconductance (Mutual Conductance)

diy

an =g (e» — constant)
=&
Im = 7

VOLTAGE AMPLIFICATION

Triode with Resistance Load
rR,

VA = g

Triode with Reactance Load

ra _ _#Z
VA 7.+,
Pentode with Reactance Load

when rp, >> Z,
VA = g.7,
Multistage Amplifier Circuit

VApr = VA; X VA X VA - -

dbr = db; 4 dbs F-dhs, - - -

VOLTAGE AMPLIFICATION OF R-F AMPLIFIERS

Tuned Impedance
VA = g.27f1.Q

Transformer with Untuned Primary and Tuned Secondary
VA = gn2xfMQ

739

(12-1)

(4-1)
(4-5)

(4-2)

(4-5b)

#-3)

(4-5a)

(4-10)

(7-8)

(7-8)
(7-11)
(8-33)

(8-34)

(7-13)
(7-14)

(7-17)

Transformer with Tuned Primary and Tuned Secondary (Band-pass Amplifier)

2nfr V/'LrLs

- 1
B+ Grs

VA = g.K

(7-18)
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VOLTAGE AMPLIFICATION OF A-F AMPLIFIERS
Resistance-capacitance Coupling

Medium frequencies

Triodes
= —__BZ" -
VAx Z. 57, (7-5)
Pentodes
VAu = guRy (8-108)
Low frequencies
VAL = K/ VAx (8-12)
Triodes, r, < R.and R,
Ky~ __Ral__ (8-11c)
./ 1 \*
Ve + (5757
Pentodes
Ky = —ee (8-11)
\/1 + (%rbeR)
High frequencies
VA[[ = ICHVAM (8'15)
1
Kys —=—— 8-14a
BT VT F @oCrRy)t (8-140)
Transformer Coupling '
YA = #n + ™ (8—27)
Medium frequencies
Xrp
VA‘ =un = ————-—- 8'29)
wo=p NI ED e (
Low frequencies
VA;, = K1VAy (8-12)
. Noip
K — s r 8-31
y \/R 4+ Xip? ( )
High frequencies
VAn = KuVAy v (815)
Ky = 17 8-32)
VR F (X - Xop (
FEEDBACK AMPLIFIERS
Output Voltage
_ A
& =g — T (8-40)
Distortion Voltage d
t =t
D= (8-41)
Negative Feedback
Voltage amplification
vartl 4 17 1 (8-43), (8-43a)
ey 1 — A4p Bl _ 1 ’
AB
when A8 > 1
VAr 2 — [li (8-44)
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Feedback factor

€
Ag = £
es — ey

Per cent output voltage being fed back
.7
=%, +R.
POWER AMPLIFIERS
Single-tube Triodes, Class A
Power output

(neg)?
R e
Mazximum power output
P = (/J'Ea)z = (FEa~m)2
o 4rp 8r,

Maximum undistorted power output

P 2B _ (3Eem)?
o 9rp 9rp

Power Output, Pentodes, and Beam Power Tubes

[ib.max - ’L.b-min + 1-41(Iz — I,,)]ZR‘,’

P, =
Push-pull Operation, Triodes, Class A

32

Power output
P, = 4(#Eﬂ)2R0’
T (2rp + RS2

Maximum power output

= wEen)?
Po-m = —Zl_"p

POWER SUPPLY
Output Voltage, without Filter, Resistance Load

Full-wave
Eo = O.QEa—c
Half-wave
E, = 0.45E,._,
Per Cent of Ripple Voltage

General equation

Per cent E, = 2 X 100
E d-e
Capacitor input filter circuit
At the output of first capacitor
~ 2245 X 104

Per cent 7., = W
il 1

At the output of second capacitor

Using a filter choke
~ Per cent F,.
Per cent Ef.z =md —1
Using a filter resistor

Per cent E,y X 10¢
da y 7 o~
Per cent E,.. == 2ef,CaF

741

(8-42)

(8-47a)

(9-2b)

(9-4), (9-4a)

(9-6), (9-6a)

(9-15)

(9-18)

(9-19)

(11-1)

(11-2)

(11-4)

(11-5)

(11-6)

(11-7)
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Choke input filter circuit, f; = 120 cycles
At the output of first capacitor

, 100
Per cent B,y = L., (11-9a)
At the output of second capacitor
650
Yar o )P o -
Per cent B, = J AT AT (11-10a)
Voltage Regulation
Exi — Ey,
T p— -
VR = Yo X 100 (11-8)
Critical Inductance of Input Choke
R,
L. = 1000 (11-11)
RELATION BETWEEN WAVELENGTH AND FREQUENCY
Wavelength
A = 300,000 (1-2)
f
Frequency
300,000
§== (1-3)

AMPLITUDE MODULATION
Per Cent of Amplitude Modulation

maximum voltage of the modulating wave
M = ! 8 LIS WEYE X 100 (13-3)
maximum voltage of the carrier wave

FREQUENCY MODULATION
Frequency Deviation

Ja = variation of the radio irequency away from the center or resting frequency

Deviation Ratio or Frequency Modulation Index

variation of the r-f away from the center frequency

Mp= modulating {audio) frequency
ANTENNAS
Length of Half-wave, Fundamental, or Hertz Antenna
492
l = M (13-9)
f
Length of Quarter-wave, Grounded, or Marconi Antenna
~ A
z = m
CRYSTALS
Resonant Frequency
fo= ’_g (10-17)



BARE ANNEALED COPPER WIRE TABLE

American Wire Gauge (formerly Brown & Sharpe Gauge)

APPENDIX VI

Resistance values at 20 degrees centigrade, 68 degrees Pahrenheit

(g ‘;:GS) Diameter Area in Ohms per Feet per
in mils circular mils 1000 feet pound
gauge
0000 460 211,600 0.0190 1.561
000 409.6 167.800 0.0618 1.968
00 364.8 133,100 0.0779 2.482
0 324.9 105,500 0.0983 3.130
1 289.3 83,690 0.1239 3.947
2 257.6 66,570 0.1563 4.977
3 229 .4 52,640 0.1970 6.276
4 204.3 41,740 0.2485 7.914
5 181.9 33,100 0.3133 9.980
6 162.0 26,250 0.3951 12.58
7 144.3 20,820 0.4982 15.87
8 128.5 16,510 0.6282 20.01
9 114 .4 13,090 0.7921 25.23
10 101.9 10,380 0.9989 31.82
11 90.74 8234 1.260 40.12
12 80.81 6530 1.588 50.59
13 71.96 5178 2.003 63.80
14 64,08 4107 2.525 80.44
15 57.07 3257 3.184 101.4
16 50.82 2583 4.016 127.9
17 45.26 2018 5.064 161.3
18 40.30 1624 6.385 203 .4
19 35.89 1288 - 8.051 256.5
20 31.96 1022 10.15 323 .4
21 28.46 §10.1 12.80 407.8
22 25.35 642 .4 16.14 514.2
23 22 .57 509.5 20.36 648 .4
24 20.10 404.0 25.67 817.7
25 17.90 320.4 32.37 1031
26 15.04 254.1 40.81 1300
27 14.20 201.5 51.47 1639
28 12.64 159.8 64.90 2067
29 11.26 126.7 81.83 2607
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(é z%) Diameter Area in Ohms per Feet per

zange in mils circular mils 1000 feet pound
30 10.03 100.5 103.2 3287
31 8.928 79.70 130.1 4145
32 7.950 63.21 164.1 5227
33 7.080 50.13 206.9 6591
34 6.305 39.75 260.9 8310
35 5.615 31.52 329.0 10,480
36 5.000 25.00 414.8 13,210
37 4.453 19.83 523.1 16,660
38 3.965 15.72 659.6 21,010
39 3.531 12.47 831.8 26,500
40 3.145 9.888 1049 33,410
41 2.80 7.8400 1323 42,140
42 2.49 6.2001 1673 53,270
43 2.22 4.9284 2104 67,020
4 1.97 3.8809 2672 85,100
45 1.76 3.0976 3348 106,600
46 1.57 2.4649 4207 134,040




APPENDIX VII

DIELECTRIC CONSTANT (K) AND DIELECTRIC STRENGTH
(VOLTS PER 0.001 IN.) OF VARIOUS MATERIALS

Di . | Dielectric
iclectric
Material constant, strength,
K volts per
0.001 in.
7. V3 S 1 80
Aluminum oxide layer............coovven. .. 10
Bakelite.......oovni it 6 500
Cambric, varnished.................. ... 4.5 1200
CottON, v\t e i it e e e e 300
Fiber. ..o i 6.5 50
Glass, COMIMOM. ...t e e e eaceantonnns 4.2 200
Isolantite. ... ......ciiiriie i 3.5
MiCa. .o e e e 5.5 2000
[0 T ) 4.7 380
Pyrapmol............ .. oo i it e 4.2 350
Transformer............oiii i, 2.4 250
Paper, beeswaxed. .. ... ... ool 3.1 1800
Paraffined. ..........ooiiiiiiii i, 2.2 1200
Shellacked. ... .........co i, 3.4
Porcelain........... ..o i, 5.5 750
Quartz. .. ... .. e i 4.5
Resin.................. e 2.5
Tantalum oxide layer....................... 11.5
Water,pure. . ...l 81

Note.—The values given in the above table may vary considerably, depending
upon the quality and manulacture of the material. The values in the table are
average values; for greater accuracy, values should be obtained from the manufacturer
of the materials used.
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STANDARD COLOR CODING FOR RESISTORS

Yor the identification of resistance values of small carbun-type resistors, numbers
are represented by the folowing colors:

0—Black 5—Green
1—Brown 6—DBlue
2—Red 7—Violet
3—C0range 8-—Gray
4—Yellow 9—White

Three colors are used on each resistor or capacitor to identify its value.

There are two methods of placing the color identification on a resistor. In the
first method, illustrated by Fig. A-1, the body color A represents the first figure of
the resistance value; one end or tip B is colored to represent the second figure; a
colored band or dot € near the center of the resistor represents the number of zeros
following the first two figures. By this system, a 150,000-ohm resistor would be
colored as follows:

Body, brown Tip, green Dot or band, yellow

In the second method, illustrated by Fig. A-2, the colors are indicated by 2 series
of bands or dots generally placed at one end of the resistor.  In order to obtain the
value of a resistor, with this method, the eolors are read starting from the end or tip
and going toward the center. With this system, a 750,000-ohm resistor would be
colored as follows:

Bund A, violet Band B, green Band €, yellow
An auxiliary eolor code has heen established, covering the tolerances of resistors.

The tolcrances arc indieated by the following colors, which appear as a fourth band
or dot placed on one end of the resistor:

Gold, 5% Silver, 109 None, 20%
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—EEE

“-Tolerance Toferance’
Fia, A-1. Fia. A-2.
Arrrication oF Coror Copm
Resistance, A B c Resistance, A B c
ohms ohms
50 |Green |DBlack Black 25,000 | Red Green | Orange
75 Violet | Green |Black { 30,000 |Orange |Black Orange
100 Brown | Black Brown 40,000 | Yellow | Black Orange
150 Brown |Green |Brown 50,000 |Green |Black | Orange
200 Red Black | Brown 60,000 | Blue Black Orange
250 Red Green | Brown 75,000 |Violet |[Green |Orange
300 Orange | Black Brown 100,000 | Brown | Black Yellow
350 Orange | Green | Brown 120,000 | Brown | Red Yellow
400 Yellow [ Black | Brown 150,000 | Brown | Green | Yellow
450 Yellow | Green Brown 200,000 | Red Black | Yellow
500 Green | Black |Brown 250,000 | Red Green | Yelow
600 Blue Black Brown 300,000 | Orauge | Black | Yellow
750 Violet | Green | Brown 400,000 | Yellow | Black Yellow
1,000 Brown |Black | Red 500,000 | Green | Black | Yellow
1,200 Brown | Red Red 600,000 | Blue Black Yellow
1,500 Brown |Green | Red 750,000 | Violet |Green | Yellow
2,000 Red Black Red 1Mo Brown | Black Green
2,500 Red Green | Red 1330 Brown [ Green | Green
3,000 Orange | Black | Red 200 Red Black Green
3,500 Orange | Green | Red 3AQ Orange | Black Green
4,000 Yellow | Black Red 4MQ Yellow | Black Green
5,000 Green |Black [Red 5MQ Green | Black | Green
7,500 Violet | Green | Red BMQ Blue Black Green
10,000 Brown |Black |Orange TALQ Violet | Black | Green
12,000 Brown | Red Orange 8M@ Gray Black Green
15,000 Brown | Green | Orange 9NMQ White | Black Green
20,000 Red Black | Orange 10MQ Brown | Black Blue




APPENDIX IX
STANDARD COLOR CODING FOR MICA CAPACITORS

Mica capacitors that are not stammped with their capacitance values usually are
marked with three or more colored dots and with an arrow or other symbol indicating
the sequence in which the dots are to be read. The capacitance values are in micro-
microfarads, and the color code is the same as the one used for resistors. The three-
dot RMA color code, shown in Fig. A-3a, is used for capacitors whose working voltage
is 500 volts and for which one or more of the following conditions apply: (1) the toler-
ance is greater than 10 per cent, (2) the capacitance rating is less than 10 gf, (3) the
capacitance rating has only one or two significant figures. In this system, the color
of the first dot indicates the value of the first significant figure of the capacitance; the
second dot indicates the second figure; and the third dot indicates the value of the
multiplying factor, For indicating the capacitance of capacitors having three signifi-
cant figures the five- and six-dot systems, shown in Figs. A-3¢, A-3d, and A-3e, arc
used. The systems using more than three dots provide a dot to indicate the capaci-
tance tolerance. The six-dot systetn also provides a dot to indicate the d-¢c working
voltage. The use of the capacitor color code can hest be understood by reference
to the following table, the examples listed in the accompanying table of applications
of the color code, and the diagrams of the various systems shown in Fig. A-3.

my 7O

- J
Front View d)
- Sometimes
©oc
® ©@® Back View 1 —
(e)
Ina. A-3.

748



APPENDIX IX

CAPACITANCE IN MICROMICROFARADS (ppf)

749

- Multiplying Per cent | D-c working
Significant figures :
Color of 1smteant Leur factor tolerance voltage
dot
A I ¢ D r r
Black 0 0 0 1
Brown i 1 1 10 1 100
Red 2 2 | 2 100 2 200
Orange 3 3 4 3 1000 3 300
1
Yellow 4 4 4 10,000 4 400
Green 5 5 5 100,000 5 500
Blue 6 6 . 6 1,000,000 6 600
Violet 7 7 7 10,000,000 7 700
Gray 8 8 8 100,000,000 8 800
White 9 9 9 1,000,000,000 9 900
Gold 0.1 5 1000
Silver 0.01 10 2000
No Color [ 20 500
!
AvrrricaTion or CoLor Conk
Per D-¢ |

System,] Capaci- | Capaci-| o .

Fig. tance, | tance, cent of vv.orl\- A B C D E r

A3 uf ) toler- ing

ance |voltage

(a) 10.000005 5 Black Green Black

(@) ]0.000012 12 Brown | Red Black

(a) [0.00035 350 Orange | Green Brown

(@) [0.0004 400 Yellow | Blaek Brown

(b) |0.000025 25 2 Red Green Black Red

(&) [0.00075 750 5 Violet Green Brown Green

(b) 10.006 6000 10 Blue Rlack Red Silver
(c), (d) |0.0003 300 1 Orange | Black | Black | Black Brown
(c), (d) |0.000125 125 3 Brown | Red Green | Black Orange
(c), (d) |0.008 8000 20 Gray Black | Black | Brown | No color

(&) |D.000002 2 4 1000 § Red Black | Black | Silver Yeliow Gold

(e) 10.000025] 25 10 500 | Red Green | Black | Gold Silver No color

(e) |0.0003 300 20 300 | Orange | Black | Black | Black No color | Orange

(e [0.0075 7500 5 600 | Vidlet Green | Black | Brown | Gold Blue
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STANDARD COLOR CODING FOR LOUDSPEAKER AND
TRANSFORMER LEADS

In order to identify the various leads of loudspeakers and transformers used in
radio equipment, the Radio Manufacturers’ Association has adopted a set of standards
that are used by most manufacturers. The following diagrams indicate the color
of the leads for six types of electrodynawmic loudspeakers and three types of trans-

formers generally used.

Blue -finish trans.
Standard pir

Red-start frans,

arrangement Blue-finish trans.
44
3¢
83 2 30\ Fhnderd Speaker
'i‘C NN arrangement N Sec. x Qfmﬂ&
R 10) AN B
N SE -8R
red-start Black andred-skie*
| . éllow and red- . /
Finish freld Firish Held
[isuuconiunag qeeq 3

Verce corl
Dynamic speaker

(a) 3-wire connection into a 4-prong plug

8lue(or brown )-start frans.

Blue-fintsh [trans,

tfrans.

O
N
[
Red-cenfer tap
Black

red-start

5]
2
8
b
3
S

Yellow and red
finish
Standard pir
orvargement 44

Freld
[Imag o) aom|

Vorce corl
Dynamic speaker
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Fig. A-4.—Identification of electrodynamic loudspeaker leads.

(f) Loudspeaker using two separate field coils

& Co., Inc.)
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Fie A-5.—Identification of transfermer leads.
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APPENDIX XI
TRIGONOMETRY

The solution of a-¢ problems frequently involves adding or subtracting quantities
such as voltages, currents, and chmages by means of vectors. The mathematical
solution of these problems requires the use of trigonometry. The method of solution

Fia. A-6.

presented in the text makes it possible to solve all such
prohlems by the use of right triangles. The following
statements apply to any right triangle and are illustrated
in Fig. A-6.

1. A right triangle is one in which one of the angles
is a right angle (90 degrees).

2. The hypotenuse is the side opposite the right
angle.

3. The legs of a right triangle are the two sides that
form the right angle.

4. The sine of any angle ¢ is equal to the side oppo-
site that angle divided by the hypotenuse,

5. The cosine of any angle @ is equal to the side adjacent to that angle divided by

the hypotenuse,

6. The square of the hypotenuse is equal to the sum of the squares of the two legs
of the triangle. (This is also commonly known as the theorem of Pythagoras.)

sin A

cos A

I

DR sl all

ws

sin B

cos B =

¢t =

-

a?

a =¢sin A; C=SiI(IIA
b = ccos 4; C=coi)A
b = ¢sin B; c=-s—i::—E
a = ¢ cos B; c=00:B
+ b2; a? = ¢! — b3 b2 = ¢2 — g2

The tables of Appendix XII list the values of sine and cosine for angles between
0 and 90 degrees. In some instanees, it is desired to obtain the sine of angles greater
than 90 degrees, and they may be obtained in the following manner:

When 6 is between 90 and 180°

sin ¢ = cos (0 — 90)

Ezample: What is the sine of 137°?

sin 137° = cos (137 — 90)
= cos 47°
0.682
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When 8 is between 180 and 270°
sin @ = — sin (6 — 180)
Ezample: What is the sine of 218°?

gin 218° = —sin (218 — 180)
= — gin 38°
— 0.616

When ¢ is between 270 and 360°

sin # = — cos (6 — 270)
Erample: What is the sine of 336°?
sin 336° = — cos (336 — 270)
— cos 66°

= — 0407



APPENDIX XII

SINE AND COSINE TABLES

Degrees

ocrtcuo

OO~ L\ FerNar R 89,8 Ha i 0O Lo kD (SR Y e Y o)
oo OO Ot

—
<
Lo Loctott

— Yt
[=>] W
DLOIOD CrOCtO Ut

—
v ]
oo e

[~
(=]
[=ASi R

sin

CO000 OO0 CCCCC COLOOD Ccocococ
e
=

.284
.202

301
.309
317
.325
L334
.342

.350
.358

OO0 DO Oo ooCocoo occo

cos Degrees sin cos

1.000 21.5 0.366 0.930
1.000 22.0 0.374 0.927
0.999 22.5 0.383 0,924
0.99% 23.0 0.391 0.920
0.999 23.5 0.399 0.917
0.999 24.0 0.407 0.913
0.998 24.5 0.415 0.910
0.998 25.0 0.422 0.906
0.997 25.5 0.430 (G.902
0.997 26.0 0.438 0.8499
0.996 26.5 0.446 0.895
0.995 27.0 0.454 0.891
0.994 27.5 0.462 0.887
0.993 28.0 0.469 0.883
0.992 28.5 0.477 0.879
0.991 29.0 0.485 0.875
0.9490 29.5 0.492 0.870
0.989 30.0 0.500 0.866
0.988 30.5 0.507 0.862
0.986 31.0 0.515 0.857
0.985 31.5 0.522 0.853
0.983 32.0 0.530 (0.848
0.981 32.5 0.537 (.843
0.980 33.0 0.544 0.839
0.978 33.5 0.552 0.834
0.976 34.0 0.559 0.829
0.974 31.5 0.566 0.824
0.972 35.0 0.574 0.819
0.970 35.5 0.581 0.814
0.968 36.0 0.588 0.809
0.966 36.5 0.595 0.804
0.063 | 37.0 0.602 0.798
0.961 37.5 0.609 0.793
0.959 38.0 0.616 0.788
0.956 38.5 0.622 0.783
0.954 30.0 0.629 0.777
0.951 39.5 0.636 0.772
0.948 40.0 0.643 0.766
0.945 40.5 0.649 0.760
0.942 . 41.0 0.656 0.755
0.940 41.5 0.663 0.749
0.937 42.0 0.669 0.743
0.933 42.5 0.675 0.737
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Degrees sin cos Degrees sin cos
43.0 0.682 0.731 67.0 0.920 0.391
43.5 0.688 0.725 67.5 0.924 0.383
44.0 0.695 0.719 68.0 0.927 0.375
44.5 0,701 0.713 68.5 0.930 0.366
45.0 0.707 0.707 69.0 0.934 0.358
45.5 0.713 0.701 69.5 0.937 0.350
46.0 0.719 0.695 70.0 0.940 0.342
46.5 0.725 0.688 70.5 0.943 0.334
47.0 0.731 0.682 71.0 0.945 0.326
47.5 0.737 0.675 71.5 0.948 0.317
48.0 0.743 0.664 72.0 0.951 0.309
48.5 0.749 0.663 72.5 0.954 0.301
49.0 0.755 0.656 73.0 0.956 0.292
49.5 0.760 0.649 73.5 0.959 0.284
50.0 0.766 0.643 74.0 0.961 0.276
50.5 0.772 0.636 74.5 0.964 0.267
51.0 0.777 0.629 75.0 0.966 0.259
51.5 0.783 0.622 75.5 0.968 0.250
52.0 0.788 0.616 76.0 0.970 0.242
52.5 0.793 0.609 76.5 0.972 0.233
53.0 0.798 0.602 77.0 0.974 0.225
53.5 0.804 0.595 77.5 0.976 0.216
54.0 0.809 0.588 78.0 0.978 0.208
54.5 0.814 0.581 78.5 0.980 0.199
55.0 0.819 0.574 79.0 0.982 0.191
55.5 0.824 0.566 79.5 0.983 0.182
56.0 0.829 0.559 80.0 0.985 0.174
56.5 0.834 0.552 80.5 0.986 0.165
57.0 0.839 0.544 81.0 0.988 G.156
57.5 0.843 0.537 81.5 0.989 0.148
58.0 0.848 0.530 82.0 0.990 0.139
58.5 0.853 0.522 82.5 0.991 0.130
59.0 0.857 0.515 83.0 0.992 0.122
59.5 0.862 0.507 83.5 0.994 0.113
60.0 0.866 0.500 84.0 0.994 0.104
60.5 0.870 0.492 84.5 0.995 0.096
61.0 0.875 0.485 85.0 0.996 0.087
61.5 0.879 0.477 85.5 0.997 0.078
62.0 0.883 0.469 86.0 0.997 0.070
62.5 0.887 0.462 86.5 0.998 0.061
63.0 0.891 0.454 87.0 0.998 0.052
63.5 0.895 0.446 87.5 0.999 0.043
64.0 0.899 0.438 88.0 0.999 0.035
64.5 0.903 0.430 88.5 0.999 0.026
65.0 0.906 0.423 89.0 0.999 0.017
65.5 0.910 0.415 89.5 1.000 0.009
66.0 0.913 0.407 90.0 1.000 0.000
66.5 0.917 0.399




APPENDIX XIII
COMMON LOGARITHMS OF NUMBERS

Logarithms of Numbers

N 0 1 2 3 4 5 | 6 7 8 9

10 0000 | 0043 | 0086 | 0128 [ 0170 | 0212 | 0253 | 0294 | 0334 | 0374
11 0414 | 0453 | 0492 | 06531 | 0569 | 0607 | 0615 | 0682 | 0718 | 0755
12 0792 | 0828 | 086+ | 0894 | 0934 | 0969 | 1004 | 1038 | 1072 [ 1106
13 1139 [ 1173 | 1206 | 1239 | 1271 | 1303 | 1335 | 1367 | 1399 | 1430
14 1461 | 1492 | 1523 | 1553 | 1584 | 1614 | 1644 | 1673 | 1703 | 1732
15 1761 | 1790 | 1818 | 1847 | 1875 | 1903 | 1931 | 1959 | 1987 | 2014
16 2041 | 2068 | 2095 | 2122 | 2148 | 2175 | 2201 | 2227 | 2253 | 2279
17 2304 | 2330 | 2355 | 2380 | 2405 | 2430 | 2455 | 2480 | 2504 | 2529
18 2553 | 2577 | 2601 [ 2625 | 2648 | 2672 | 2695 | 2718 | 2742 | 2765
19 2788 | 2810 | 2833 | 2856 | 2878 | 20900 | 2923 | 2045 | 2067 | 2989
20 3010 | 3032 | 3054 | 3075 | 3096 | 3118 | 3139 | 3160 | 3181 | 3201
21 3222 | 3243 | 3263 | 3284 | 3304 | 3324 | 3345 | 3365 | 3385 | 3404
22 3424 | 3444 | 3404 | 3483 | 3502 | 3522 | 3541 | 3560 | 3579 | 3598
23 3617 | 3636 | 3655 | 3674 | 3692 [ 3711 | 3729 | 3747 | 3766 | 3784
24 3802 | 3820 | 3838 | 3856 | 3874 | 3892 | 3909 | 3927 | 3945 | 3962
25 3979 | 3997 ( 4014 | 4031 ( 4048 | 1065 | 4082 | 4099 | 4116 | 4133
26 4150 | 4166 | 4183 | 4200 | 421G | 4232 | 4249 | 4265 | 4281 | 4298
27 4314 | 4330 | 4346 | 4362 | 4378 | 4393 | 4409 | 4425 | 4440 | 4456
28 4472 | 4487 | 4502 | 4518 | 4533 | 4548 | 4564 | 4579 | 4594 | 4609
29 4624 | 4630 | 4654 | 4660 | 1683 | 4698 | 4713 | 4728 | 4742 | 4757
30 4771 | 4786 | 4800 | 4814 | 4829 | 4843 | 4857 | 4871 | 4886 [ 4900
31 4914 | 4928 | 4942 | 4955 | 4969 | 4983 | 4997 | 5011 | 5024 | 5038
32 5051 | 5065 | 5079 | 5092 | 5105 | 5119 | 5132 | 5145 | 5159 | 5172
33 5185 | 5198 | 5211 | 5224 | 5237 | 5250 | 5263 | 5276 | 5289 | 5302
34 5315 | 5328 | 5340 | 5353 | 5366 | 5378 | 5391 | 5403 | 5416 | 5428
35 5441 | 5453 | 5465 | 5478 [ 5490 | 5502 | 5514 | 5527 | 5539 | 5551
36 5563 | 5575 | 5587 | 5599 [ 5611 | 5623 | 5635 | 5647 | 5658 | 5670
37 5682 | 5694 | 5705 | 3717 | 5729 | 5740 | 5752 | 5763 | 5775 | 5786
38 5798 | 5809 | 5821 | 5832 | 5843 | 5855 | 5866 | 5877 | 5888 | 5899
39 5911 | 5922 | 5933 | 5944 | 5955 | 5966 | 5977 | 5088 [ 5999 | 6010
40 6021 | 6031 | 6042 | 6053 | 6064 | 6075 | 6085 | 6096 | 6107 | 6117
41 6128 | 6138 | 6149 | 6160 | 6170 | 6180 | 6191 | 6201 | 6212 | 6222
42 6232 | 6243 | 6253 | 6263 | 6274 | 6284 | 6294 | 6304 | 6314 | 6325
43 6335 | 6345 | 6355 | 6365 | 6375 | 6385 | 6395 | 6405 ( 6415 | 6425
44 G435 | 6444 | 6454 | 6364 | 6474 | 6484 | 6493 | 6503 | 6513 | 6522
45 (G532 | 6542 | 6551 | 6561 | 6571 | 6580 | 6590 | 6599 [ 6609 | 6618
46 6628 | 6637 | 6646 | 6656 | 6665 | 6675 | 6684 | 6693 | 6702 | 6712
47 6721 | 6730 | 6739 | 6749 | 6758 | 6767 | 6776 | 6785 | 6791 | 6803
48 6812 | 6821 | 6830 | 6839 | 6848 | 6857 | 6366 | 6875 | 6884 | 6893
49 6902 | 6911 } 6920 | 6928 | 6037 | 6946 | 60955 | 6964 | 6972 | 6981
50 6990 | 6998 | 7007 | 7016 | 7024 | 7033 | 7042 | 7050 | 7059 | 7067
51 7076 | 7084 | 7093 | 7101 | 7110 | 7118 | 7126 | 7135 | 7143 | 7152
52 7160 | 7168 | 7177 | 7185 | 7193 | 7202 | 7210 | 7218 | 7226 | 7235
53 7243 | 7251 | 7259 | 7267 | 7275 | 7284 | 7292 | 7300 | 7308 | 7316
54 7324 | 7332 | 7340 | 7348 | 7356 | 7364 | 7372 | 7380 | 7388 | 7396
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N 1} 1 2 3 4 5 6 7 8 9

55 7404 . 7412 | 7419 | 7427 | 7435 | 7443 | 7451 | 7450 | 7466 | 7474
56 7482 | 7490 | 7497 | 7505 | 7513 | 7520 | 7528 | 7536 7543 | 7551
57 7559 | 7566 | 7574 | 7582 | 7580 | 7397 | 7604 | 7612 | 7619 | 7627
58 7634 | 7642 | 7649 | 7657 | 7664 | 7672 | 7679 | 7686 | 7694 | 7701
59 7709 | 7716 | 7723 | 7781 | 7738 | 7745 | 7752 | 7760 | T187 | 7774
60 7782 | 7789 | 7796 | 7803 | 7810 | 7818 | 7825 | 7832 | 7839 | 7846
61 7853 | 7860 | 7868 | 7875 | 7882 | 7889 | 7896 | 7903 | 7910 | 7917
62 7924 | 7931 | 7938 | 7945 | 7952 | 7959 | 7966 | 7973 | 7980 | 7987
63 7993 | 8000 | 8007 | 8014 | 8021 | 8028 | 8035 | 8041 | 8048 | 8055
64 8062 | 8069 | 8075 | 8082 | 8089 | 8096 | 8102 | 8109 | 8116 | 8122
65 8129 | 8136 | 8142 | 8149 | 8156 | 8162 | 8169 | 8176 | 8182 | 8189
66 8195 | 8202 | 8209 | 8215 | 8222 | 8228 | 8235 | 8241 | 8248 | 8254
67 8261 | 8267 | 8274 | 8280 | 8287 | 8293 | 8299 | 8306 | 8312 | 8319
68 8325 | 8331 | 8338 | 8344 | 8351 | 8357 | 8363 | 8370 | 8376 | 8382
69 8388 | 8395 | 8401 | 8407 | 8414 | 8420 | 8426 | 8432 | 8439 | 8445
70 8451 | 8457 | 8463 | 8470 | 8476 | 8482 | 8488 [ 8494 | 8500 | 8506
71 8513 | 8519 | 8525 | 8531 | 8537 | 8543 | 8549 | 8555 | 8561 | 8367
72 8573 | 8579 | 8585 | 8591 | 8597 | 8603 | 8609 | 8615 | 8621 | 8627
73 8633 | 8639 | 8645 | 8651 | 8857 | 8663 | 8669 | 8675 | 8681 | 8686
74 8692 | 8698 | 8704 | 8710 | 8716 | 8722 | 8727 | 8733 | 8739 | 8745
75 8761 | 8456 | 8762 | 8768 | 8774 | 8779 | 8785 | 8791 | 8797 | 8802
76 8808 | 8814 | 8820 | 8825 | 8831 | 8837 | 8842 | 8848 | 8854 | 8859
77 8865 | 8871 | 8876 | 8882 | 8837 | 8393 | 8899 | 8904 | 8910 | 8915
78 8921 | 8927 | 8932 | 8938 | 8943 | 8949 | 8954 | 8960 | 8965 | 8971
79 8976 | 8982 | 8987 | 8993 | 8998 | 9004 | 9009 | 9015 | 9020 | 9025
80 9031 | 9036 | 9042 | 9047 | 9053 | 9058 | 9063 | 9069 | 9074 | 9079
81 9085 | 9090 | 9096 | 9101 ; 9106 | 9112 | 0117 | 9122 | 9128 | 9133
82 9138 | 9143 | 9149 | 9154 | 9159 | 9165 | 9170 | 9175 { 9180 | 9186
83 0101 | 0196 | 9201 | 9206 | 9212 | 9217 | 9222 | 9227 | 9232 | 0238
84 0243 | 0248 | 9253 | 9258 | 9263 | 0269 | 9274 | 9279 | Y284 | 9289
85 0204 | 9299 | 9304 | 9309 | 9315 | 9320 | 9325 | 9330 | 9335 | 9340
86 9345 | 9350 | 9355 | 9360 | 9365 | 9370 | 9375 | 9380 | 9385 | 9390
87 0395 | 9400 | 9405 | 9410 | 9415 | 9420 | 9425 | 9430 | 9435 | 9440
88 0445 | 9450 | 9455 | 9460 | 9465 | 9469 | 9474 | 9479 | 9484 | 9489
89 0494 | 9499 | 9504 | 9509 | 9513 | 9518 | 9523 | 9528 | 9533 | 9538
90 0542 | 9547 | 9552 | 9557 | 9562 | 9566 | 9571 | 9576 | 9381 | 9586
91 9590 | 9595 | 9600 | 9605 | 9609 | 9614 | 9619 | 9624 | 9628 | 9633
92 9638 | 9643 | 9647 | 9652 | 9657 | 0661 | 9666 | 9671 ° 9675 | 9680
93 9685 | 9689 | 9694 | 9699 | 9703 | 9708 | 9713 | 9717 | 9722 | 9727
94 9731 | 9736 | 9741 | 9745 | 9750 | 9754 | 9759 = 9763 | 9768 | 9773
95 9777 | 9782 | 9786 | 9791 | 9795 | 9800 | 9805 | 9809 | 9814 | 9818
96 0823 | 9827 | 9832 | 9836 | 9841 | 9845 | 9850 | 9854 | 9859 | 9863
07 0868 | 0872 | Y877 | 9881 | 9886 | 9890 | 9894 | 9899 | 9903 | 9908
08 9012 | 9917 | 9921 | 9926 | 9930 | 9934 | 9939 | 9943 | 0948 | 9952
99 9956 | 9961 | 9965 | 9969 | 9974 | 9978 | 9983 l 9987 | 9991 | 9996
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TABLE OF FREQUENCY, WAVELENGTH, AND THE LC PRODUCT
REQUIRED TO PRODUCE RESONANCE AT THE
CORRESPONDING FREQUENCIES

The frequency is expressed in kilocycles, the wavelength in meters, the inductance

in microhenries, and the capacitance in microfarads.
Equations used to calculate values for the table:

Wavelength = 3-00}009
LC product = 25’;;00-
F requency W' avelength L x-C ¥ requency \\' avelength LxcC
in ke in meters in ke in ineters
600,000 0.5 0.00000007028 10,000 30 0.0002530
500,000 0.6 0.0000001012 9000 33.33 0.0003123
400,000 0.75 0.0000001581 8000 37.5 0.0003953
300,000 1 0.0000002811 7000 42 .85 0.0005163
250,000 1.2 0.0000004048 6000 50 0.0007028
200,000 1.5 0.0000006325 5000 60 0.001012
150,000 2 0.000001124 4500 66 .66 0.00124Y
100,000 3 0.000002530 | 4000 75 0.001581
90,000 3.333 0.000003123 3500 85.71 0.002065
80,000 3.75 0.000003953 3000 100 0.002811
70,000 4,285 0.000005163 2500 120 0.001048
60,000 5 (.000007028 2400 125 0.001392
55,000 5.454 0.000008363 2300 | 130.4 0.004782
50,000 6 0.00001012 2200 136.3 0.005227
45,000 6.666 1§ 0.00001249 2100 142.8 0.005737
40,000 7.5 0.00001581 2000 150 0.006325
35,000 8.571 C.00002065 1950 153.8 0G.006653
30,000 10 0.00002811 1900 157.8 0.007008
25,000 12 0.00004018 1850 162.1 0.007392
20,000 15 0.00006325 1800 | 166.6 0.007808
15,000 20 0.0001124 1750 171.4 0.008261
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Fr?quency Wa.v}elength LxcC [ Frgquf}ncy \»\:Tavelcn gth LxC
in ke 1 meters m I\C in meters

1700 176 .4 0.008754 080 306.1 0.02634
1650 181.5 (.009292 960 312.5 0.02745
1600 187.5 0.009882 040 319.1 0.02863
1550 193.5 0.01053 020 326 0.02989
1500 200 0.01124 900 333.3 0.03123
1475 203.3 0.01162 880 340.9 0.03267
1450 206.8 0.01203 860 348.8 0.03420
1425 210.5 0.01245 840 357.1 0.02585
1400 214.2 0.01290 820 365.8 0.03762
1380 217.3 0.01328 800 375 0.03933
1360 220.5 0.01367 780 384.6 0.04158
1340 223.8 0.01409 760 394.7 0.04380
1320 227.2 0.01452 740 405.4 0.04620
1300 230.7 0.01497 720 416.6 0.04880
1280 234.8 0.01544 700 428.5 0.05163
1260 238 0.01593 680 441.1 0.05471
1240 241.9 0.01645 660 454.5 0.05808
1220 245.9 0.01699 640 468.7 0.06176
1200 250 0.01757 620 483.8 0.06581
1180 254.2 0.01817 600 500 0.07028
1160 258.6 0.01880 580 517.2 0.07520
1140 263.1 0.01946 560 535.7 0.08067
1120 267.8 0.02016 540 5585.5 0.08676
1100 272.7 0.02090 520 576.9 0.09356
1080 277.%7 0.02169 500 600 0.1012

1060 283 0.02251 450 666.6 0.1249

1040 288.4 0.02339 400 750 0.1581

1020 294.1 0.02431 350 857.1 0.2065

1000 300 0.02530 300 1000 0.2811




APPENDIX XV

RECEIVING-TUBE CHARACTERISTICS AND SOCKET
CONNECTIONS

The purpose of this appendix is to provide a source of reference for the tube charac-

teristics and socket connections of those tubes referred to throughout the text, ques-
tions, and problems. A more complete listing of tubes may be found in the tube
manuals of the various manufacturers.

RECEIVING-TUBE CHARACTERISTICS CHART
Key to Symbol Designations

e For grid-leak detection—plate volts 45, grid return to + filament or to cathode.
b Either A.C, or D.C. may be used on filament or heater, except as specifically noted. For use

of D.C. on A.C. filament types, decrease stated grid volts by 4 (approx.) of filament voltage.

=]

¢ Supply voltage applied through 20,000-phm voliage-dropping resistor,

2 Grids #3 and #5 are screen. Grid #4 is signal-input control grid.

¢ Grids #2 and #4 arc screen.  Grid £1 is signal-input controt grid.

! For grid of following tube.

¢ Both grids connected together; likewise, both plates.

b Power output is for two tubes at stated plate-to-plate load.

¢ For two tubes,

i This diagrain is like the one having the same designation without the prefix G, except that Pin

. 1 has no connection.

k Obtained preferably by using 70,000-ohm voltage-dropping resistor in series with a 90-volt supply.
! This diagram is like the one having the same designation with the prefix G, except that base

sleeve is econnected to Pin No. 1.

m Grids #2 and #3 tied to plate.
» For signal-input control-grid (#1}; control-grid #3 bias, —3 volts.
s Applied through plate resistor of 250,000 ohms or 500-henry choke shunted by 0.25-megohm

resistor,

» Applied through plate resistor of 100,000 ohms.

e Applied through plate resistor of 250,000 ohmas.

r 50,000 ohms.

+ Maximum.

¢ Megohms,

» Grid #2 tied to plate.

=z Grids #2 and #t are screen. Grid #3 is signal input-control grid.
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KEY TO TERMINAL DESIGNATIONS OF SOCKETS

Alphabetical subseripts B, D, P, T, HP, and HX indicate, respectively, beam unit, diode unit, pentode unit, triode unit, heptode unit, and hexode unit in
multi-unit $ypes.

P = Bayonet Pin FM = Filament Mid-Tap 1. = Heater Tap for K = Cathode RC = Ray-Control Electrode SL = Base Sleeve
BS = Base Shell G = Grid Panel Lamp NC = No Connection S = Shell TA = Target
F = Filament H = Heater Hwm = Heater Mid-Tap P = Plate (Anode) SI = Interlead Shield U = Unit

@® = Gas-Type Tube
Socker ConnecrroNe—Borrom ViEws
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Cathode type and

Use

rating Values to right give Trans- Load
Socket operating con- Is"llate Girid bias? Screen Screen | Plate [ A plf te conduct- Ampli- fm;d Power
RCA type Name connee- ditions and 1')' T u""s‘ supply, curt- c“‘{ resist- (anpe fication | Stat output,
tions characteristics for J)of't’s volls volts r;‘na, r;::a. gﬁ;ﬁé pgée)- factor l{‘;s{[ watts
C.T.| Volts | Amp mdlcat;letypwal umhos ‘ ohms
1A4-P Super-coutrol R-F aM D.C.| 2.0} 0.06 | Amplifier For other characteristics, refer to Type 1D5-GP.
amplifier pentode F
146 Pentagrid converterd 6L D.C.{ 2.0 0,06 | Converter 135 { — 3.0 67.5| 2.5 1.2 | 400,000 Anode-grid (#2): 180¢ maz. volts,
F 180 min. 67.5 | 2.4 1.3 | 500,0000 2.3 ma. Oscillatorgrid (#1) Re-
sistor.”
Conversion transcond., 300 microm-
08.
1A7G Pentagrid converterd G-7Z D}.TC. 1.4 | 0.05 | Converter For other characteristics, refer to Type 1A7-GT.
1A7-GT Pentagrid converter? | GT-TZ} DI"‘C' 1.4} 0.05 | Converter 90 0 45% 0.7 0.6 | 600,000{ Anode-grid (#2): 90 roax, volts, 1.2
ma.
Oscillator-grid (#1) resistor, 0.2 meg.
Conversion transcond., 250 microm-
hos.
1B5/255 | Duplexdiode triode | 6M | D.C.| 2.0 | 0.08 | Triode umit as| 135 | — 3.0 | — | — | 0.8 35000 575| 20 = -
F amplifier
1Cé Pentagrid converterd 6L DFC. 2.0 | 0.12 ' Converter For other charaét«;ristits. refer to Type LCT7
107G Pentagrid converterd G7Z2 | D.LC.| 2.0 0.12 | Converter _135 ~- 3.0 67.51 2.5 1.3 | 600,000| Anode-grid (#2): 180 max. volts,
¥ 180 — 3.0 67.5| 2.0 1.5 | 700,000 4.0 ma. Oscillatorgrid (#1) Re-
sistor.”  Conversion transcond., 325
micromhos.
1D5-GP Super-control R-F G-5Y D.C.| 2.0 0.06 [Class A amplifier 90 { — 3.0 67.5 0.9 2.2 600,000 720 — | — —
amplifier pentode F 180 min. 67.5 | 0.8 2.3 (1,000,000 750 |
1D5-GT Super-control R-F G-5R [ D.C.| 2.0 0.06 |Class A awplifier 180 — 3.0 7.5 0.7 2.2 600,000 650 — — -
amplifier tetrode F
1D8-GT Diode-triode-powor (G-8AJ | D.C.] 1.4]0.1 |Pentode unit as| 45 - 4.5 45 0.3 1.6 | 300,000 650 — 20,000 ! 0.035
amplifier pentode F class A amplifier 90 - 9.0 90 1.0 5.0 | 200,000 925 12,000 | 0.200
Triode unit as class | 45 0 — - 0.3 77,000 325 25 — —
A amplifier 90 ¢ 1.1 43,500 575 25
1E5-GP R-F amplifier pen- G-5Y | D.C.| 2.0 0.06 |Class A amplifier 90 —-30 -67.5 0.7 1.6 |1,000,000 600 — — —
tode F 180 — 3.0 67.5, 0.6 1.7 1 500,00 650
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1G4-GT/G | Detector amplifier G-58 DFC. 1.4 | 0.05 | Class A amplifier 90 - 6.0 — — 2.3 10,70—0 825 8.8 — —
tri
1H4-G | Detector amplifiere | G-5& | D.C.| 2.0 | 0.06 | Class A amplifier | 90 —45 | —5 — | 25| 10000 80| v3| — —
F 135 - 9.0 3.0 10,300 900 9.3
180 -13.5 3.1 10,300; 900 9.3
Class B amplifier | 157.5| ~15.0 | — | — | 1.0 — — | — | so00f 214
1H5-G Diode high-mu triode | G-57 | D.C.| 1.4 | 0.05 | Triode unit as For other characteristies, refer tc Type 1H5-GT.
F amplifier
1H5-GT Diode high-mu triode | GT-5%! | D.C.| 1.4 | 0.05 | Triede unit as class | 00 Q — —_ 0.15] 240,000 275 65 — —
13 A amplifier
1J5-G Pov:ler amplifier pen-| G-6X DFC. 2.0 | 0.12 | Class A amplifier 134 —16.5 135 2.0 7.0 | 105,000 450 — 135,000 0.45
tode
1J6-G Twin triode amplifier | G-7AB | D.C. | 2.0 | 0.24 | Class B amplifier 135 0 — — | Power output is for one tube at| 10,000 | 2.1
F 135 - 3.0 stated plate-to-plate load. 10,000 | 1.9
1L4 R amplifier pentode 8AR D.C. 1.4 | 0.05 | Class A amplifier 90 0 67.5 1.2 2.9 600,000 925 — — —_
F 90 0 N 2.0 4.5 | 350,000 1,025
1IN5-G R amplifier pentode] G-5Y | D.C 1.4 | 0.05 | Amplifier For other characteristics, refer to Type INSGT.
IN5-GT R amplifier pentode | GT-5Y! DFC. 1.4 | 0.05 | Class A amplifier 90 0 | 90 0.3 1,2 1,500,000 750 — — —
1T4 Super-control r-f 6AR | D.C.| 1.4 0.05 | Class A amplifier 45 0 45 0.7 1.7 | 350,000 700 — — —
amplifier pentode F 90 [ 67.5 | 1.4 3.5 | 500,000 900
1T5-GT V Beam power amplifier| G-6X DFO. 1.4 | 0.05 | Class A amplifier 90 - 6.0 1.4 8.5 — 1,150 — 14,000 | 0.17
2A3 Power amplifier 4D F 2.5 | 2.5 |Class A amplifier | 250 —45.0 — — | 60.0 800| 5,250 4.2 2,500} 3.5
triode
Push-pull class ABy| 300 | Cach, bias, 730 ohms' 8.0 — — — | 50002000
amplifier 300 —62 volts, fixed bias 80.0¢ 3,000 | 15.0%
T4 Full-wave rectifier 5T F 5.0 [ 2.0 | With condenser- Max. a-c volts per plate (rms), 450 | Max. d-¢ output ma., 228 { Min. total effect. supply
) input filter Max. peak inverse volts, 1,550 Max. peak plate ma., 678 | Imped. per plate, 150 obms
With choke-input | Max. a-c volts per plate (rms), 50 | Max. d-c output ma., 225 | Min. value of input choke,
filter Mazx. peak inverse volts, 1,550 Max. peak plate ma., 678 | 3 henries
5W4 Full-wave rectifier 5T F 501 1.5 For other ratings, refer to Type 5W4-GT/G.
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i ]
Cathode type and Use | I T Load
rating Values to right give > rans-
Socket operating con- I:Late Grid bias,b | Streen bcrefn I;ll;\rt.-e Ar'gsﬂlf_ te nu;]c::\;cb Ampli- 'tl'.Dtrd Power
RCA type Name connec- ditions and sup- 1as, supply, N : fication | S***€% | ouipnt,
tions chzractelrlxshcs fo]r J:Jlft.s volts volts rg\nt * r:,nn:, 2;:?:; ég{gf factor out;::: watts
C.T.| Volts | Amp | indicated typical , N
P use ! : umhos ohms
i !
5W4-GT/G | Full-wave rectifier G-5T7 F 5.0 [ 1.5 | With condenser- Max. a~c volts per plate (rms), 350 | Max. d-¢ output ma., 100 | Min. total effect, supply
input filter Max. peak inverse volts, 1,400 Max. peak plate ma., 300 | imped. pcr plate, 50 ohms
With choke-input | Max. a-¢ volts per plate (rms), 500 | Maz. d-c ontput ma., 100 | Min. w]ue of input, choke,
filter Max. p(sak inverse volts, 1,400 Max. peak plate ma., 300 | 6 henries
5Y3-GT/G | Full-wave rectifier G-5T¢ 13 5.0 [ 2.0 | With condenser- Max. a-¢ volts per plate (rms), 350 | Max. d-c outpat ma., 125 | Min. total effect. supply
input filter Max. prak inverse volts, 1,400 Max. peak plate ma., 375 | imped. per plate, 50 ohms
With chokeinput | Max. a-¢ volts per plate (rms), 500 | Max. d-c output ma., 125 | Min. value of input choke,
filter Max. peak inverse volts, 1,400 Max. peak plate ma., 375 | 5 henries
5Y4-G Full-wave rectifier G-5Q F 50|20 ,For other ratings, refer to Type 5Y3-GT/G.
6A3 | Powerampliertriode| | 3 | 1o |Class Awmplifer |25 | —45.0 [ -1 — |00 800| 5,250 | 4 2 2,500 | 3.20
6. . - - d—— -
Push-pull elass ABs | 325 | Cath. bias, $50 chms,’ —68| 80.0° _ . 5,000 [ 10.0*
amplifier 325 volts, fixed bias 80.0¢ - 3,000 | 15.0%
6A6 Twin triode amplifier 7B 1T 6.3 ) 0.8 | Amplifier F—(Vnr“()thl‘r characteristics, refer to Type 6N7-GT/G.
6A7 Pentagrid converterd 7C H 6.3 1 0.3 |Converter For other characteristics, refer to Type 6AS8.
6AS Pentagrid converter? 8A H 6.3 0.3 [Converter 100 — 1.5 50 13 1.1] 600,000 Anode-grid (42): 250¢ max. volts,
230 — 3.0 | 100 2.7 3.5 | 360,000] 4.0 ma. Oscillator-grid (#1) resistor.”
| Conversion transcond., 550 micro-
{ mhos.
6B4-G Power awplifier triode | G-58g F 6.3 [ 1.0 | Amolifier For other characteristics, refer to Type 6A3.
6B7 Duplex-diode pentode 7D ¢ 6.3 10.3 |Peniode unit as For other characteristics, refer to Type 6B8-G.
amplifier
— 6BS-G Duplex-diode pentode | G-8E4 H 6.3 | 0.3 | Pentode unit as r-f| 100 — 3.0 | 100 1.7 5.8 | 309,000 951 _ _ -
amplifier 250 - 30 125 2.3 9.0 l 600,000 1,125
Pentode unit as a-f| 907 { Coth. bios. 3,500 ohms, Screen resistor = 1.1 lm\g.} Grid resistor,/ { Gain per stage = 55|
anoplifier 3002 | Cath, bias, 1,600 obmns, Screen resistor = 1.2 meg. § 0.5 megobun. | Gain per stage = 79
" 605 | Detertore amplifior 6Q | H | 63]03 . 230 | - 8.0 | [ — | so] 1000 200[ 20 | — | —
triode Class & amplfer | ) Gatb. b, 6,400 ohms. ] Gain per stage = 11
P ath, bas, G, ohms. . . ain per stage =
3007 | Cath. bias, 5,300 ohms. § Grid resistor,/ 0.25 negobm. {Gain per stage = 13
Bias detector 250 | —17.0 approx. DPlate curren to be adjusted to 0.2 milliampere v.x‘h no signal.
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! .
608G | Twiu triode mplifior | G8G | H | 6.3 |03 |Fach unitas 250 | —45 | — | — | 3.2| 2,500 1,600 36 — —
atuplifier I
6D% Triple-grid super- [y H 6.3 | 0.3 | Amplifier mixer For'sther eharacteristics, refer to Type §U7-G.
control amplifier
6E5 Llectron-ray tube R H 6.3 | 0.3 | Visual indicator P}a&e and {arget supply = 100 volts. Triode plate resistor = 0.5 meg. Target current =
.0 ma.,
Grid bias, —3.3 volts; shadow angle, 0°. Bias, 0 volts; angle, 90° plate current, 0.18 ma.
Pia(t)e aud target supply = 250 volts. Triode plate resistor = 1.0 meg, Target current =
0 ma,
Grid bias, —8.0 volts; shadow angle, 0°.  Bias, 0 volts; angle, 90°; plate current, 0.24 ma.
6F6 Poo»&er amplifier pen-| 78 H 6.3 { 0.7 | Amplificr For other eharacteristics, refer to Type 6F6-C.
tode |
6F6-G Power amplifier pen-' G-787 H 6.3 | 0.7 | Pentode class A 250 —16.5 | 250 6.5 |34.0 80,000| 2,500 7,000 | 8.2
tode amplifier 285 ~20.0 | 285 7.0 |38.0 78,000| 2,550 - 7,000 1 4.8
Triode® class A 250 —20.0 — — | 3t0 2,600] 2,600 6.8 4,000 [ 0.85
amplificr
Pentode push-pull] 316 | Cath, bias| 285 12.0¢ | 62.0% | Cath. bias resistor, 320 chimsi | 10,000 | 10.54
class A amplifier | 315 -24.0 285 12.0¢ | 62.0¢ l | 10,000 | 11.0*
DPontode push-pull | 375 | Cath, Dbias| 250 8.0¢ | 54.0¢| Cath, bias resistor, 340 obms | 10,000 | 19.0*
class AB2 amnphfier | 375 ~26.0 | 250 5.0¢ | 34.0¢ I ’ 10,000 | 18.5%
Triode  push-pull | 350 | Cath, bias 50.0¢ | Cath. bias resistor, 730 ohms [ 10,000 | 9.0%
closs AB2 amplifier| 350 —38.0 — — | 48.0¢ ‘ 6,000 | 13,0
) — — —
N - |
6G6-G Power amplifier pen-, G-787 H | 6.3 | 0.15 | Pentode class A 135 — 6.0 | 135 2.0 (11.5| 170,000, 2,100 _ 12,000 | 0.6
tode nmpllﬁcr 150 — 9.0 |18 2.5 | 15.0 | 175,000 2,300 10,000 | 1.1
: Triodev Tass A 180 -120 | — — | 1o 4,7500 2,000 9.5 (12,000 | 0.25
| . ampiider .
6116  Twin diode 7Q H 6.3 ' 0.3 | Valtage donbler Max, a-¢ supply volts per plate (rms), 150 x. d-¢ output § ma.
: Total cffeet. plate supply imped. per plate: half-wave, 30 ohms; full-w;m,, 15 ohms.
Half-wave rectifier | Max. a-¢ plate vo'ts (rms), 150 Min. total effective plate-supply impedance: up to 117
Max. d-¢ output ma., 8 per plate volts, 15 chms; at 150 valts, 40 obuus.
6J5 Detector amplifier 6Q 1 6.3 | 0.3 | Class A amplifier 90 0 —_ —_ 10.0 6,700 3,000 20 — —
triode 250 - 8.0 —_ —_ 9.0 7,700| 2,600 20 — —

AX XIANHAIIV

292



Use
q . Trans- Load
Cathode type and | Values to right give . .
Socket rating operating con- I;']f te Grid bias,p Screcn S‘c':;:fn I:_];':e A;cesila te wx;ﬂ:: - Ampli- t&;r d Power
RCA type Name connec- d.itmn§ n_nd plg_ volts * | supply, rent, r‘ent an c o (erid fication | S owcr output,
tions characteristics for [ o 1t volts ma | ma | ohms plate) factor opt ‘i" whatts
C.T.| Volts | Amp | indicated typical emlios gh‘l’ns'
use
6T Triple-grid detector | TR H | 6.3(0.3 |Pentode class A 100 -3.0 [100 0.5 | 2.0 1,000,000. 1,185 | — — —
amplifier r-f amplifier 250 - 3.0 | 100 0.5 2.0{ 1L.O4! 1,225 !
Pentode class A af | 902 | Cath. hias, 2,600 ohms. Screenresistor — 1.2meg.] Gridre- [Gamperstage= 85
amplifier 3002 | Cath, bias, 1,200 ohms. Screen resistor = 1.2 meg. | sistor,” 0.5 | Gain per stage = 140
megohm.
Pentode hias de- 250 — 4.3 1100 | Cathode cur- — Plate resistor, 500,000 ohms,
tector rent 0.43 ma. Grid resistor,” 250,000 ohms.
Triodem class A 180 - 5.3 — — 5.3 11,000] 1,800 20 — —
amplifier 250 - 8.0 8.5 10,500 1,900 20
6K5-G High-mu triode G-5U H 6.3 | 0.3 | Class A amplifier 100 - 1.5 — -— 0.35] 78,000 000 70 — —
250 - 3.0 — - 1.1 50,000{ 1,400 70 - —
6KB-GT/G | Power amplifier pen-| G-78¢ H 6.3 | 0.4 |Single-tube class A | 100 - 7.0 | 100 1.6 ] 9.0 104,000] 1,500 12,000 | 0.35
tode amplifier 250 -18.0 | 250 5.5 (320 s 2,300 — 7,600 | 3 40
315 | 210 |50 | 40| 255 75,000 2100 9.000 | 450
Pushpull class A | 285 | —255 | 285 B.07| 85,06 | = — 12,000 | 10.5%
amplifier 285 | Cath. bias | 285 9.0¢| 55.0¢ -] 12,000 | 9.8
Cath. hias resistor, 400 ohrus®
6K7 Triple-grid super- 7R H 6.3 | 0.3 | Class A amplifier 100 - 10 100 271 9.5 150,000 1,650 - - —
control amplifier 250 - 3.0 | 125 2.6 {105 ] £00,000] 1,650
Mixer in super-| 250 -10.0 100 — QOscillator peak volts = 7.0
heterodyne
6L5-G Detector amplifier G-6Q7 H 6.3 | 0,15 | Class A amplifier 135 - 50 — _ 3.5 11,300| 1,500 17 — —
triode 250 - 9.0 -— _— 8.0 y 1,900 17
GL6 Beam power amplifier { 7AC H 6.3 | 0.9 |Single-tube class A | 250 —14.0 | 250 5.0]72.0 — — — 2,500 | 6.5
amplifier 250 | Cath. bias| 250 541750 2,500 | 6.5
Cath. bias resistor, 170 ohms. L R
Push-pull class A | 270 —-17.5 | 210 11,0 134.0¢ — I — ] — 5,000 | 17.5%
amplifier 270 Cath, bias| 270 11,06 134 0} |————— .| 5,000 | 1§ 5%
_[Cath. bias resistor, 125 ohms?
Push-pull class AB, | 360 -22.5 270 5.0¢| 85.0¢ — [ — l - 6,600 | 26.5%
amoplifier 360 | Cath. bias | 270 5.0¢| 88.0 9,000 | 24.5%
_ | Cath. bias resistor, 250 obms.!
Push-pull class ABz ) 360 | =180 | 225 35|80 — = — | "v.000 | 31.00
amplifier 360 | —225 | 270 5.0 [ 88.0¢ 3,800 | 47.00
Single-triode class | 250 —-20.0 - —_ 40.0 1,70[)' 4,700 80! 5000 1.4
A amplifier 250 | Cath. bias 40.0 - 6,000 1.3
i Cath. bias resistor, 490 ohms.
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6L7 Pentagrid mixer T 6.3 | 0.3 | Mixer in super- 250 - 3.0 | 100 7.1 | 2.4 Oscillator-grid (#3) bias, —10 volts,
amplifier heterodyne Grid #3 peak swing, 12 volts minimum.
R Conversion transcond., 375 micromhos,
Class A amplifier | 250 ~ 800 |10 | 65 |53 | 60000 t,a00] — | — | —
6NT Twin triode amplifier 8B 6.3 | 0.8 |Amplifier For other characteristics, refer to Type 6N7-GT/G.
6N7-GT/G | Twin triode amplifier | G-8B7 6.3 | 0.8 |Class A amplifier | 250 =350 — - 6.0 11,300( 3,100 35 20,000 | excecds
(as driver)? 204 - 6.0 7.0 11,000[ 3,200 35 ormore | 0.4
Class B amplifier 300 [ — - | Power output is for oue tube at| 8,000 { 10,0
stated plate-to-plate load.
6P5-GT/G | Detector amplifier G-6Q7 6.3 | 0.3 | Class A amplifier 100 -350 —_ — 2.5 12,0001 1,150 | 13.8 — -
triode 250 -13.5 5.0 9,500( 1,450 13.8
907 | Cath. bias, 6,500 ohms. . . Gain per stage = 9
3007 | Cath. hias, 6,400 ohms,} Grid resistor,/ 0.25 megohm, {éain per stage = 10
Biaa detector 250 —20.0 — — | Plate current to be adjusted to 0.2 milliampere with no
Approx. signal,
6Q7 Duplex-diode  high-| 7V 6.3 [ 0.3 |Triode unit as class | 100 - 1.0 — — 0.8 | 58,000 1,200 70 — —
mu triode A amplifier 250 -390 1.0 58,0001 1,200 70
90¢ | Cath. bias, 7,600 obms. : : Qain per stage = 32
300¢ | Catb, bisg, 5,000 obing | Grid resistor 0.5 megohm. {Gain per stage = 45
6R7 | Duplex-diode triode | 7V 6.3 | 0.3 |Triode unit as hass | 280 | — 0.0 [ — 1 — | os] ss0 1e00] 16 | — | —
amplifier —
907 | Cath, bias, 4,400 ohms, : . Gain per stage = 10
3002 | Cath. bias, 3,800 ohms.} Grid resistor,/ 0.2 megohm. {Ga'm per stage = 10
657 Triple-grid super-con- 7R 6.3 | 0.15 | Class A amplifier 135 - 3.0 |67.5 0.9 { 3.7 (1,000,000( 1,250 — — —
trol amplifier ; 250 — 3.0 | 100 2.0 { 8.5 (1,000,000f 1,750 !
GSA7 Pentagrid converters | 8R 6.3 | 0.3 | Mizer 100 Selt- | 100 8.5 | 3.3 | 500,000|Grid #1 Resistor, 20,000 ohms, _
250 excited | 100 8.5 | 3.5 |1,000,000 Corll‘versmn Transcond., 450 micro-
mhos,
6SA7-GT/G | Pentagrid converters | GT-8AD 6.3 (0.3 | Miser Far other charactevistics, refer to Type 6SA7.
6SF5 Highi-mu triod GAB lass A Lifi 100 - 1.0 — —_ 0.4 85,000; 1,150 100 — —
e triace 6.3 | 0.3 | Class & amplifie 250 - 2.0 l ! 0.9 66,0000 1,500 | 100
! 907 | Cath. bias, 8,800 ohms, : . Gain per stage = 43
3002 | Cath. bilms, 3,200 ohuns, } Grid resistor,/ 0.5 megohm. {Gain per stage = 63
i g I;iode super-control 7A% 6.3 | 0.3 | Pentode unit as| 100 - 10 | 100 3.4112.0 200,000 1,975 — —_ —_
amplifier gentode class A amplifier | 250 - 1.0 | 100 3.3 | 12.4 | 700,000 2,050
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Use [ I T | Load
Cnthode type and | Values to right give . rnn.?- on
Socket rating operating con- Plate Grid bias,» | Sereen Sereen | Plate | A-c pl:&c conduct- Ampli- “f"t' g | Power
RCA type Name connee- ditions and sup- | Grid binsp | sy | curs | ent- | resist. ance | g on | Stated | oot
i - i ply, volts PPV yont, | rent, | ance, (grid- power d
tions Qharm,zensms for volts volts ma ma ohms plate) factor output, watts
1 1 1 il
C. T.| Volts | Amp mdlcatﬁgetyplcnl pmubos ohms
Tk : o < !
68G7 H-f amplifier pentode | 8BK 6.3 | 0.3 | Class A amplifier 102 — .0 | ton 3.2 8.2 25),00) 4,100 — — —
250 -10 125 4.4 11.8 %31,0000 4.7
250 -235 150 3.4 9.2 1.0+t 4,000
687 Triple-grid detector 8N H 6.3 | 0.3 | Class A amplifier 100 -3 100 0.9 2.9 700,000] 1,575 — — -
awplitier 250 —3.0 | 100 0.8] 3.0 1.04 | 1,650
907 | Cath. hias, 1,700 ohms, : " Gain per stage = 9
3007 | Cath, bias, 860 ohms.} Grid resistor,f 0.5 megohms. {Gain per stage = 167
6SK7 Triple-grid super- 8N H 6.3 [ 0.3 | Cluss A amplifier 100 - 1.0 {100 4.0 | 13.0 | 120,000{ 2,350 — ¢ = l —
control amplifier 250 - 3.0 100 2.6 9.2 800,000] 2,000 | |
65Q7 Duplex-diode high- 8Q H | 6.3]03 [Triodeunitasclass| 100 -10 | — — | 04| 110,000 900 | 100 - —
mu triode A amplilier 250 -~ 2,0 0.9 01,000 1,100 | 100
90¢ | Cath, bias, 11,000 ohms. : ; § Gain per stage = 40
300¢ ; Cath. bias, 3,900 ohms.} Cirid resistor,/ 0.5 megobin. 1 Gain per stage = 53
6T7-G Duplex-diode high- G-71v¢ H 6.3 | 0.15 | Triode unit as elass | 135 -15 — — 0.9 65,000] 1,000 65 — —_—
mu triode A amplifier 250 -30 1.2 62,000 1,050 G5
90¢ | Cath. hias, 8,300 ohms. . . Gain per stage = 30
3002 | Cath. bias, 4,5%0 ohms.} Grid resistor,/ 0.5 megobm. {Guin per stage = 40
6U5,'6G5 | Kleetron-ray tube 6R H 6.3 | 0.3 ! Visual indicator Plate and target supply = 100 volts. Triode plate resistor = 0.5 meg. Target current =
1.0 ma.
Grid bias, —8 volts; shadow angle, 0°. Bias, 0 volts; angle, 90°; plate eurrent, 0.19 ma.
Plate and target supply = 250 volts, Triode plate resistor = 1.0 meg. Target ourrent =
4.0 ma.
Girid bias, —22 volts; shadow angle, 0°.  Bias, 0 volts; angle, 90%; plate eurrent, 0.24 wa,
6U7-G | Triple-gridsupercon-| G-7Ri | H | 6.3 [ 0.3 |Class Aamplifir | 100 ’ - 3.0 |00 2.2 | s.0l 250,000 1,500| — — —
trol amplifier 250 — 3.0 |10 2.0 | 8.2| #00,000[ 1,600
Misxer in super- 100 —-10.0 | 100 - - Oscillator peak volts = 7.0
heterodyne 250 ~10.0 | 100
6V6 Beam power amplifier {  TAC H 6.3 [ 0.45 | Amplifier For other ebaracteristics, refer to Type 8Y6-GT/G.
6V6-GT/G | Bram poweramplifier | G-7ACi | H 6.3 | 0.45 | Single-tube class A | 180 — 85 | 180 3.0(2.0 58,000) 3,700 — 5,500 [ 2.0
amplifier 230 —-12.5 | 250 4.5 [ 45.0 52,000{ 4,100 — 5,000 ( 4.5
35 ~13.0 | 225 22134.0 77,000] 3,750 -- 8,500 | 5.5
Push-pull class AB: | 250 l —15.0 | 250 5.00 70.0]| — - — l 10,000 | 10,08
i amplifier 285 —~19.0 | 285 4.000 70.0¢ - . = - 8,000 | 14.0%
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7A5 Beam power atmplifier | 64A H 6.3 | 0.7 | Class A amplifier 110 - 7.5 {110 3.0 40.0 14,0000 5,800 — 2,501 1.5
125 - 9.0 125 33440 17,000; 6,000 2,’700 2.2
7A7 Triple-grid super- 8V H 6.3 [ 0.3 |Class A amplifier For other characteristics, refer to Type 6SK7.
control amplifier (4
748 Qctode converter 8U H 6.3 | 0.15 | Converter 100 — 3.0 75 2.7 | 1.8 650,000| Anode-grid (#2): 250¢ max. volts,
250 3.0 | 100 3,24 3.0 700,000 4.2 ma. Oscillator-grid (#J
ilstor r  Conversion transcond., 550
micromhos.
7B5 Ptmaer amplifier pen-| 6AE H 6.3 | 0.4 | Class A amplifier For other characteristics, refer to Type 6K§-G1/G.
ode
7B6 Duplex-diode high- 1 W H 6.3 | 0.3 | Triode unit a.s For other characteristics, refer to—Type 68Q7.
mu triode : amplifier
7B8 Pentagrid converter 8X H 6.3 | 0.3 | Converter For other characteristics, refer to Type 6A8.
7Y4 Full-wave rectifier 5AB H 6.3 | 0.5 | With condenser- Max. a-c volts per plate (rus), 326 | Max. d-c output ma., 60 | Min. total effect. supply
input filter Max. peak inverse volts, 1,250 Max. peak plate ma., 180 | imped. per plate, 150
ohms.
With cholee-input | Max. a-c volts per plate (rms), 450 | Max. d-c output ma., 60 | Min. value of jnput choke,
filter Marx. peak inverse volts, 1,250 Max. peak plate ma., 180 10 hem'les
125A7 Pentagrid converter® SR H [12.6]0.15 { Mixer For other characteristics, refer to Type 6SA7.
123G7 H-f amplifier pentode | 8BK H |[12.6 | 0.15 | Amplifier For other characteristies, refer to Type 68G7.
128K7 Triple-grid super- 8N H | 12.8 | 0.15 | Amplifier For other characteristics, refer to Type 6SK7.
contro) amphfier
128Q7 Duplex-diode high- |, 8Q H | 12.6 | 0.15 | Triode unit as For other characteristics, refer to Type 63Q7.
mu triode amplifier
1273 | Half-wave rectifier 4G H | 12.6 | 0.3 | With condenser in- | Max. a-c plate volts (rms), 235 Min. total effective plate-supply impedance: up to 117
put filter ’ Max. d-¢ output ma., 55 v}(:lts, 0 ohms; at 150 volts, 30 ohms; at 235 volts, 78
ohms,
24-A R-f amplifier tetrode 5B H 2.5 | L.75 | Screen-grid r £ | 180 - 30 90 1.7¢| 4.0 { 400,000} 1,000 — b —_
amplifier 250 —~ 3.0 90 1.7¢| 4.0 | 600,000 1,050 |
Bias detector 9500 { - 5.0} 20 to — | Plate current to be adjusted to 0.1 mllhampere with
approx. 45 no signal.
25A6-GT/G | Power amplifier pen-| G-78/{ H | 25.0 | 0.3 | Class A amplifier 95 —-15.0 | 95 4.0 20.0 | 45,0001 2,000 — 4,500 { 0.9
tode 160 —18.0 120 6.5 33.0 42,000 2,375 5,000 2.2
25L6:(‘vT/G Beam power amplifier | G-7AC/| H | 25.0 6.3 Amplifier For other characteristics, refer to Type 50L6-GT.
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Cathode type and Use . T
rating Values to right give Plat Se Phate | Ace pl 'j’m' Load
Socket operating con- o | Grid biag.d | Sereen | ooer (1 Mo A ?te conduct-1 g oti | for [ Power
RCA type Name connec- ditions and m;p— Tl 1 133,° | supply,| % cu.rt— resist- A0CE | foation stated output,
tions - characteristics folr e volts olts rg:zat' et | ohies éf;zgl' factor | MR | watts
. 1o il s utput,
C.T.| Volts | Amp mdlcatlelgetyplca o utput
2575 Rectifier-doubler 6E H 25.0 | 0.3 | Rectifier-doubler For other ratings, refer to Type 2526,
2526 Rectifier-deubler 7 H |[25.0]0.3 |Voltuge doubler Max. a-c volts per plate (rms), 117 | Min, total effective plate-supply impedance: half-
Max. d-¢ output ma., 75 wave, 30 ohrus; full-wave, 15 chms.
Half-wave rectifier | Max. a-c volts per plate (rms), 235 | Min. total effect. supply imped. per plate: up to 117
Max. d-¢ output ma. per plate, 75 volts, 15 obhms; at 150 velts, 40 chms; at 235 volts,
100 ohms.
27 Detectore amplificr 54 H 2.5 | 1.75 | Class A amplifier 135 - 90 — - 4.5 9,000, 1,000 9.0 — —
triode 250 —21.0 5.2 9,250 975 9.0
Bias detector 250 =30.0 — — | Plate current to be adjusted to 0.2 milliampere with no
approx. signal.
30 Dvl,e‘citorﬂ amplifier 41D D.C.| 2.0 | 0.06 | Amplifier For other characteristics, refer to Type 1H4-G.
triode
35L6-GT /G | Beam power amplifier | G-7AC/ H 35.0 | 0.15 Singlejtube class A | 110 -75 110 3.0 | 40.0 14,000| 5,800 — 2,500 1.5
amplifier 200 - 8.0 110 2.0 [ 41.0 40,000| 5,900 4,500 | 3.3
3523 Half-wave rectifier 47 H |30]0.15 Withﬁclundenser-iu- For other ratings, refer to Type 3524-GT.
put filter
3524-GT | Half-wave rectifier G-5AA H | 35.0 | 0.15 | With condenser-in- | Max. a-¢ plate volts (rms), 235 Min. total cffective plate-supply impedance: up to 117
put filter Max. d-¢ output ma., 100 volts, 15 ohms; at 235 volts, 100 chms.
3545-GT/G | Half-wave rectifier. G-6AD H |35.0 | 0.15 | With condenser-in- [ Max. a~c plate volts (rms), 235 Min. total effect. plate-supply imped.: up to 117 volts, 15
Heater tap for pilot put filter ohms; at 235 volts, 100 ohms. Max. d-c output ma.: with pilet and no shunt res., 60; with
pilot and shunt res., 90; without pilot, 100.
42 Power amplifier pen- 6B H 6.3 | 0.7 | Amplifier For other characteristics, refer to Type 6F6-G.
tode
43 Poo‘éer amplifier pen- 1343 H [250]0.3 |Amplifier For other cbaracteristics, refer to Type 25A6-GT/G.
tode
45 Power amplifier triode{ 4D F 2.5 | 1.5 ] Class A amplifier 180 -31.5 —_ —_ 31.0 1,650/ 2,125 3.5] 2,700 ] 0.8
275 —56.0 36.0 1,700[ 2,050 35| 4,600 | 2.00
Push-pull class AB: | 275 | Cath. bias, 775 obws’ 36.0¢ | — — — | 5,000 | 12,00
amplifier 275 | —68.0 volts, fixed bias 28.0¢ 3,2 18.0%
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D-¢ operatiog volts, 150.

50L6-GT | Beam power amplifier | G7AC? | H | 50.0 | 0.15 | Single-tube class A | 110 ~ 7.5 1110 4.0 | 49.0 | 13,000 { 9,000 — 2,000 | 2.1
amplifier 200 - 80 | 110 , 2.0150.0] 30,000 9,500 3,,000 4.3
75 Duplex-diode high- 6G H 6.3 | 0.3 | Amplifier For other characteristics, refer to Type 65Q7,
mu triode
77 Trip]?.- id detector Class A amplificr ;gg - 15 60 0.4 1.7 600,000 1,100 — | — —
amplifier ~ 3.0 100 0.5 2.3 1.04¢ 1,250
6F H | 6303 |— + ol
Bias detector 250 - 1.95( 50 Cathode cur- — Plate resistor, 250,000 ohms.
B reut 0.65 ma. Grid resistor, 250,000 ohms,
78 Triple-grid super-con- 6F H 6.3 | 0.3 | Amplifier mixer For other characteristics, refer to Type 6K7.
trol amplifier
80 Full-wave rectifier 4C 5.0 |20 For other ratings, refer to Type 5Y8-GT/G.
81 Half-wave rectifier 4B F 7.5 | 1.25 | With condenser-in- Max. a-¢ Eme volts (rms), 700 Max. d-c output ma., 85
put filter Max. peak inverse volts, 2000 Max. peak plate ma., 500
117L/M7-GT | Rectifier-beam power | 8AQ H (117 0.09 | Amplifier unit asYy 105 —-5.2 105 4.043.0 17,000 | 5,300 — 4,000 ; 0.85
amplifier class A amplifier
Half-wave rectifier | Max. a~¢ plate volts (rms), 117 Maz. d-¢ outp;lt ma., 75 | Min. total effect. plate-
Max. penk inverse volts, 350 Max. peak plate ma., 450 { supply imped., 15 ohms.
117N7-GT | Rectifier-beam power [ 8AV H |[117 | 0.09 |Amplifier unit as| 100 - 8.0 | 100 5.0 51,0 16,000 [ 7,000 — 3,000 1.2
amplifier class A amplifier
Half-wave rectifier | Max. a-¢ plate volts (rms), 117 Max. d-c output ma., 75 | Miu. total effect. plate-
Max. peak inverse volts, 350 Max. peak plate ma., 450 | supply lmpedance, 15
ohms.
11726-GT/G | Rectifier-doubler G708 H 117 | 0.075| Voltage doubler Max. a-¢ volts per plate (rms), 117 | Min. total effective plate-supply impedance per plate:
Max. d-¢ output ma., 60 half-wave, 30 ohms; full-wave, 15 ohms.
Half-wave rectifier | Max. a-c volts per plate (rms), 235 | Min. total effect. supply imped. per plate: up to 117
Max. d-¢c output ma. per plate, 60 vglf,s, 15 ohns; at 150 volts, 40 ohms; at 235 volts, 100
ohms.
VR 75-30 {’oltage regulator 4AJ Cold | — — | Regulator Min. d-¢ starting supply volts, 105. D-¢ operating ma., 5-30.
; D-c operating volts, 75.
VR 105-30 | Voltage regulator 4A] Cold | — — | Regulator Min. d-c starting supply volts, 127. i D-¢ operating ma., 5-30.
D-¢ operating volis, 105. {
VR 150-30 | Voltage regulator 4AJ Cold | — — | Regulator Min. d-¢ starting supply volts, 180. . D-¢ operating ma., 5-30.
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APPENDIX XVI
RESISTANCE-CAPACITANCE-COUPLED AMPLIFIER CHART
The purpose of this appendix is to provide the data required for resistance-

capacitance-coupled amplifiers referred (o in the text, questions, and problems, A
more complete list may be found in a tube manual.

C, = blocking capacitor, uf R = cathode resistor, ohms

Ci = cathode by-pass capacitor, uf R, = screen-grid resistor, megohms

C» = screen-grid by-pass capacitor, pf £, = grid resistor, megohms

By = plate-supply voltage, volts R. = plate resistor, megohms

E, = voltage output, max. value VA = voltage amplification

6137
By, 90 180 300
R. | 0.1 | 025 0.5 0.1 0.25 0.5 0.1 0.25 0.5
R, [0.25] 0.5 1 0.25 10.25 0.5 1 1 0.25 | 0.5 1
R, |0.5] 1.1 | 28| 0.5 |1.18 1.2 15128 105 1.2 2.9
R, {2200 3500 | 6000 | 1200 [ 1900 2100 2200 | 3500 | 1100 | 1600 | 2500
C; [0.07] 0.04 | 0.0 | 0.08 [0.05 0.06 0.05 | 0.04| 0.09 | 0.06 | 0.05
Ci 3 2.1 | 1.55| 4.4 | 2.7 3.2 3 2 5 3.5 | 2.3
C, [0.01/0.007{0.003|0.015(0.01 0,007 0.003|0.003(0.015|0.008]0.003
E, | 28 33 29 52 39 55 53 55 89 100 | 120
VA | 33 55 85 41 55 69 83 115 47 79 150
6C5, 6C5-G (6J7, 6J7-G, 6J7-GT, 12J7-GT as TrI1oDES)

By 90 180 300
R. |005| 0.1 | 0.25 | 0.05 0.1 025 | 0.05 | 0.1 | 0.25
R,101]025| 0.5 | 0.1 |0.1 0.25 0.5 | 0.5 | 0.1 |0.25| 0.5
ft, [ 3400 6400 | 14500, 2700 | 3900 5300 6200 | 12300| 2600 | 5300 | 12300
C: |1.62/ 0.8 | 0.4 | 2.1 }1.7 1.25 1.2 |]0.55| 2.3 | 1.3 |0.58
Cy [0.025/ 0.01 [0.006{ 0.03 [0.035 0.015 0.008[0.008| 0.04 (0.015|0.008
e | 17 22 23 45 41 54 55 52 70 84 85
VA| 9 11 12 11 12 12 13 13 11 13 14
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6J5, 6J5-C, 6J5-GT, 12J5-GT

775

) 90 180 300

R. 1005] 0.1 | 0.25 | 0.05 0.1 025 | 0.05 | 01 | 0.25
R,'0.1]025| 0.5, 0.1]01 025 05| 05| 0.1 0.25| 0.5
R |2070| 3940 | 9760 | 1490 | 2330 2830 3230 | 7000 | 1270 | 2440 | 5770
C. |2.66)1.2010.55|2.8(|2.19 1.35 1.15,0.62 | 2.96 | 1.42 | 0.64
C, 10.02000.012]0.007(0.032(0.038 6.012 0.006|0.007 |0.034 |0.0125/0.0075
B | 14| 17 1 | 30 | 2 34 38 | 3 | 51 56 57
VA| 12| 18} 13 13 | 14 14 14 14 14 14 14

6J7, 6J7-G, 6J7-GT, 12J7-GT (as Triopss, SEE 6C5)
En 90 180 300
R.101]02 | 05 | o1 0.25 05 | 01 | 025 05
R, |0.25] 0.5 1 |0.25]/0.25 05 1 1 [0.25] 0.5 1
R, [0.44| 1.18 | 2.6 | 0.5 1.1 1.18 1.4 | 2.9 | 0.5 |1.18] 2.0
R. |1100]| 2600 | 5500 © 750 , 1200 1600 2000 | 3100 | 450 | 1200 | 2200
C, |0.051 0.03 | 0.05 0.05]0.04 0.04 0.04 |0.025]/0.07 | 0.04 | 0.04
C. | 5.3 8.2 2 6.7 |52 43 38| 25| 83| 5.4/ 4.1
¢, 10.01]0.005(0.0025 6.01 (0.008 0.005 0.0035(0.0025/ 0.01 (0.005|0.003
E, | 221 32 | 20 | 52 | 41 60 60 | 56 | 81 | 104 | 97
VA| 55 85 | 120 | 69 | 93 118 140 | 165 | 82 | 140 | 350
6N7, 6X7-G
Ew 90 180 300
R.|01i02 | 05 | 01 0.25 05 | o1 {o2s5| 05
R, 10.25] 0.5 1 ]0.25°/0.25 0.5 1 1 |0.25| 0.5 1
R. 12250| 4950 | 8500 | 1700 | 2050 3800 4300 | 6600 | 1500 | 3400 | 6100
¢, 10.01]/0.006]/0.003|0.015!0.015 0.007 0.00350.0035 0.015'0.0055| 0.003
E, | 19 20 { 23 | 46 | 40 50 57 | 54 | 83 | 87 | o4
val 19| 22 | 23 | 21 | 23 2¢ 24 | 25 22 | 210 | %
6877, 128J7

By 90 180 300

R | 01]02 | 05.] 01 0.25 T o5 | 01 |02 | 05
R, |0.25| 0.5 1 10.25(0.25 0.5 1 1 025 0.5 1
R, 10.20/ 092 | 1.7 1 0.31]0.83 0.9+ 094 2.2 |0.37|1.10| 2.2
R, | 880 | 1700 | 3800 | 800 | 1050 1060 1100 | 2180 | 530 | 860 | 1410
¢, 10.08510.045| 0.03 | 0.09 |0.06 0.06 0.07 | 0.0+ | 0.09 | 0.06 | 0.05
c. |7.4] 451 24| 8 6.8 6.6 6.1 | 38109 7.4 5.8
C» 10.016/0.005|0.002|0.015(0.001 0.004 0.003|9.0020.016.0.004;0.002
E, | 23| 18 | 22 60 | 38 47 5L | 44 | 96 | 88 . 79
VA| 68 | 93 | 119 | 82 |109 181 161 | 192 | 98 | 167 | 238
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6SQ7, 128Q7
Ey 90 180 300
R. | 01| 025 ]| 05 0.1 0.25 0.5 0.1 0.25 0.5
R, |0.25]| 0.5 1 0.25 (0.25 0.5 1 1 0.25 0.5 1
R, | 6600} 11000 | 16600 | 2000 |4300 4800 5300 | 8000 | 2200 | 3900 | 6100
Ce |1.7]11.07) 0.7 ] 26 ]2.1 1.8 1.5 1.1 3.5 2 1.3
Cy 10.01/0.006(0.003(0.015(0.015 0.007 0.004]0.004]0.015]| 0.007| 0,004
E, 5 7 10 22 21 28 33 33 41 51 62
VA| 29 40 44 36 43 50 53 57 39 53 60
6T7-G
Fry 90 180 300
R, | 0.1 | 025 | 0.5 0.1 0.25 0.5 0.1 0.25 | 0.5
R, |10.25| 0.5 1 0.25|0.25 0.5 1 1 0.25 | 0.5 1
Ry | 4750 8300 | 14200 | 2830 |4410 5220 5920 | 9440 | 2400 | 4580 | 8200
Ce | 1.5 1 0.6 12.25(1.5 1.25 1.11 |0.74 | 2.556|1.35 | 0.82
C, [0.012(0.00750.0045/0.0135/0.012 0.008 0.005|0.0045/0.0135/0.0075({0.0053]
K, | 7.8 10 12 29 27 34 39 39 58 69 77
VA| 24 30 33 28 34 36 338 41 32 40 43

(Courtesy of RCA Manufacturing Co.}
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Chapter I

1. (a) 4.414 feet

3.

= I

17.
19.
21.
23.

(b) 1.345 meters

(a) 0.177 second

(b) 0.00268 second
(¢) The radio listener

. 5.65 to 0.376 feet
. 0.0941 foot

. 570 ke

11.
. 7812 ke
15.

4.89 to 4.56 meters

(a) 3.02 meters
() 9.89 feet
9340

11,000

0.0134 second
60.7 feet

Chapter I1

. (a) 2 watts

®) 1 watt
(c) 1 watt
(d) 50 watts

. (@) Tpe—1.74 ma

Tap—7.74 ma
®) Ipc—2.22 ma
IAB—5.22 ma,

. (@) 12 my

() 12 volis

APPENDIX XVIII
ANSWERS TO PROBLEMS

11.

13.

15.

17.
19.
21.
23.

26
779

Note 1: Answers are provided for approximately 50 per cent of the problems.
Tixeept in a few cases, answers are provided for the odd-numbered problems.
tors using this text can purchase a complete answer book from the publisher.

Nore 2: As far as is practicable, all answers are acecurate to three significant

Note 3: Answers lo problems involving values obtained from curves are generally
difficult to cheek accurately because of variations in reading the curves.
the answer book, enlarged drawings of the curves were used to aid in obtaining greater
accuracy. In most cases the values obtained from the curve for use in solving the
problems have been included with the answers.

(¢) 36 volts
(d) 720 volts

. (@) 56.9 ph

(6) 719 xh
(c) 25,396 xh

. (a) 0.237

(b) 0.32

(¢) 0.04

(a) 8635 ohms
(b) 15,700 ohms
(¢) 23,550 ohms
(d) 66,725 ohms
(&) 1500 ohms
(b) 250 ohimns
(¢) 1479 ohms
(d) 3.92 henries
(a) 10 turns

() 25 turns

(¢) 20 turns

(d) 3480 turns
(e) 1740 turns
6 plates

494 ppuf

49.82 puf

(a) 331.7 ohms
() 331.8 ohms
(¢) 0.331 amp
(d) 0.0301

(e) 88.5 degrees
() 1.095 watls
1.93 uf
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27. (a) 162.1 ohms

29.

31.

®)

()
(d)

(e)
(a)

(b)
()
(d)
(&)

N

)

(a)
)
(c)

2500—0.6 amp
2400—0.75 amp
2600—0.5 amp
Tjine—1.85 amp
Psoo—180 watts
Paoo—225 watts
Pevo-—150 watts
Pline—555 watts
Group 1—40 ohms
Group 2—50 ohms
Group 3—30 ohms
Group 4—30 ohms
150 ohms

2 amp

600 watts
e,—80 volts
ex—80 volts
e;—80 volts
es—100 volts
es—100 volts
es—00 volts
e—60 volts
es—60 volts
2;—0.5 amp
is—1 amp
7e—0.5 amp
24—0.667 amp
27—1.333 amp
2e—2 amp

i7—1 amp

ig—1 amp
p1—40 watts
p2—80 watts
ps—40 watts
Pa—066.7 watts
ps—133.3 watts
pe—120 watts
pr—60 watts
ps 60 watts
500 ohms

5250 oluns

7950 ohms

(d) 2745 ohms

(e) 36.4 ma

(f) Z,—3010 ohms
Z2—2650 ohms
7Z5—2258 ohms
Z +—5300 ohms

(9) €:—109.5 volts
ex—96.4 volts
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33.

36.

37.

39.

41.

43.
47.

49.

b1.
B3.

(h)

(®)
€))

@
(%)

U]
(m)
(a)
(b)
(e)
(@)
(&)
{a)
(&)
(c)
()
(a)
&)
(c)
(d)
(@]
02
(a)
0
(c)

¢s—82.2 volts
¢—192.9 volts
pr 0.331 wait
2—0.0265 watt
p3—0.265 watt
ps—0.0397 watt
0.662 watt
p-£,—0.0830
p-f-—0.0075
p-f:—0.0885
p-f+—0.0056
0,—85-degree lag

0:—89.5-degree lead

85— 85-degree lag

0,—89.5-degree lead

0.182
79.5-degree lead
139.5 pufl

45 puf

13.6 puf

289 uh

2416 ke
15.86 uuf
1.96 me

3.36 e

3.77 me

1138 ph

274

900,638 ohms
35.5 wa

15.2 ma

15.2 ma

199 ph

1083

1.2 ke

10.48 k¢

(@)
®)
@)
()
©
o
(@)

2000 ohms
2000 ohms
1998.8 ohms
1990 ohins
1872 ohms
1043 ohms
7222 ohms

(b) 25,120 ohms

(c) 62,800 ohms

(d) 235,500 ohms
4.24 henries

(z) 63,600 ohms

(b) 636 ohms

(c) 628 ohms

(d) 62,800 chms



65.

67.

59.

61.

63.

66.

67.

=t et

17.

19.

W= e

(a) 63.6 chms

() The capacitor circuit
(a) 79.5 ohms

(b) The capacitor circuit
(a) 80 henries

(b) 111 ohms

(c) 800 ohms

(d) 720 henries

(¢) 900 ohms

(a) 7.8 ke

(6) 0.0384

(¢) 50

(d) 39

(a) 0.0375

(b) 261.7 to 271.7 ke
(C) 59.2 ppf

{a) 500 ohms

(5).800 ohms (k—1.60)
(@) 0.00025 second

(b) 0.0002 second

(¢) No

Chapter 111

. 1500 ke
. 4.99 xh
. 247 puf
. 9938 ke
. 546 ke

10 gh

. (a) 334 ppf

(b) 550 to 813 ke

. (a) 389 uh

(b) 43.3 ph
(¢) 6.08 xh
(@) 194.6 puf
() 194.6 upf
39.3 upf

Chapter IV

. (a) 153.6 ohmg

(b) 25 watts

. (b) 1.51 ohms

2 watts

. (b) 21 ohms

(c) 5 walts

. (b)Y Ri—42 ohms

R:—724.6 ohms
(¢) By—2 watts
Ry—30 watts

APPENDIX XVIII

11.

13.

16.

18.

21.

23.

26.
27.
29.

31.

33.

36.

. {(a)

781

20 (de;—50 volts)
(de.—2.5 volts)
20 (de,—50 volts)
(dec—2.5 volts)
8000 ohms
(dey —100 volts)
(diz—12.5 ma)
14,000 ohins
(des—100 volts)
(diy—7.15 ma)
(a) 2500 pmhos
(die—2.5 ma)
(dec—1 volt)
(6) 2500 wmhos
(a) 1400 gmhos
(div—1.4 ma)
{de.—1 volt)
(b) 1428 wmhos
99
8421 ohms
(@) 3.15
(b) 15.7
{¢) 4.72 volts
23.5 volts
(a) 1.81
(b) 13.6
(e) 2.71 volts
20.4 volts
(a) 78,000 ohms
(b) 140,400 ohms
250,000 ohms

Chapter V

50 X 10 -6 second

0.667 X 107¢ second

75

1060 ohms

R is 471 times greater than Xe¢
(¢) The capacitor path

(d) 3,180,000 ohms

(e) Xc¢is 6.36 times greater than I
(f) The resistor path

O]
(©)
(a)
)

. (@) 3419 ohms

(b) Path through Cy

(¢) Yes. A small amount
(d)y 3419 ohms

(e) Additional i-f filtering
(f) 80 per cent

. (@) 1060 ohms

(b) 282,600 ohms
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11,
13.

156.

17.

19.

21.

23.

26.
27.
28.

29.

32.

33.

36.

37.

. (a)

(c) 3,180,000 ohms

(d) 94.2 ohms

() The capacitor path

(f) The inductor path

—4 to —2 volts

(d) —6 to 0 volts

(¢) =710 1 volt

(a) —4.3 volts

{b) 4.3 volts (max value)

(@) —30 volts

(b) 30 volts (max value)

(a) 120,000 ohms

(b) 48,000 ohms

{¢) 30,000 ohms

(a) 100,000 ohms

(b) 0.004 watt

{c) % watt

(a) 3000 obms

(b) 0.00126 watt

(c) % watt

(a) 0.318 uf

(b) 0 5-uf, 200-volt, paper capacitor

(&) 106 of '

() 10-uf, 25-volt, clectrolytic ca-
pacitor

270 volts

251,95 volts

(a) 970 ohms ({,—8.25 ma)

() 870 ohms ({,—6.9 ma)

(¢) 667 ohms (/,—6 ma)

{d) 400 ohms (/;—>5 ma)

(a) 0.066 watt

(b) 0.041 watt

(¢) 0.024 watt

(d) 0.010 watt

(a) 172 ohms (/5.3 ma)

(b) 476 ohms (J:—3.7 ma)

(¢) 757 ohms (I;—2.8 ma)

(d) 1200 ohms (I;—2 ma)

{a) 0.0057 watt

0.0084 watt

0.0082 watt

0.0075 watt

1 watt (cach)

(2} 2000.5 or 1999.5 ke

(b) 2001 or 1999 ke

(¢) 2001.5 or 1998.5 ke

(a) 0.1 sceond

() 18.1 per cent

(c) 5 eycles

®

13.
14,
15.
19.
21.

22,

. ()
. {a)
. (a)

. (@)

ESSENTIALS OF RADIO

Chapter VI

278 uh

2383 ke

5410 to 1870 ke
533 to 1590 ke
258 puf

4664 ke

1&))
)
®)

. 300 uh

$7.4 uh
5.27 uh
0.697 ph

. 2295 ke

6.50 me
17.3 me
47.6 mc

. 517 to 1650 ke

1.46 to 4.67 mc
3.90 to 12.4 mc
10.7 to 31.2 me
42.7 puf

1500 to 2097 ke
517 to 1300 k¢
1272 to 1570 ke
(@)
)
(@)
)
(@)
®

5.4 ppf

Reduced to 494 ke
2629 puf

1784 ke

5744 ppf

2252 ke

Chapter VII

. (@) 2 volts

(b) 4 volts
(c) 4 volts

. {a) 1000 ohms (I,—8 ma)

0.064 watt

(b) 480 ohms (I,—12.5 ma)

0.075 watt

(c) 228 ohms (/,—17.5 ma)

0.07 watt
—3 volts
8.2 ma
2.0 ma
(¢) 294 ohms
{d) 0.03 watt

&)

. {a) 35

(b) —3 volts
(c) 105 volts (max)
(d) 2.1 ma

. 27,777 ohms



11,

13.

15.

17.

19.

21,

23.

26.
a7.

30.

i1,

[

13.

(a) 70.5

(b) 56.4 volts (max)
(¢) 1.41 ma

177

(a) 91.5 (Q—145)
(®) 144 (Q—143)
{c) 148 (Q—98)
(d) 950.8 (Q—45)
(a) 12.9

@) 35.1

(c) 42.1

181

(@) 226

() 228

(c) 226

{a) 72.9 per cent
{©)..21.6 per cent
122

(@) 0.0119

) 138

(a) 85.7

() 61.8

(c) 5296

Chapter VIII

. (a) 2.2553

(¢) 0.942
(e} 0.699
(g) 4.5441
() 1.2625

. (@) 1.2730

(c) 0.9935
(e) 3.57608
(e) 300

(c) 6

(e) 218

(g) 9.625
(i) 2082.5

. 9.87 db
. (@) 31.2db

() 37 db

. {a) 40 db

) 204db

(¢) 30 db

(d) 22.2 db

(e) 30 vu

(a) 0.9 db (loss)
&) 6.02 db (loss)
{a) 47.3

APPENDIX XVIII

14,

17.

19.

21.

23.

26.

26.

27.
29.

30.

783

&) 43.9

() 46.1

(@) 0.64 db (loss)

(& 0.22 db (loss)

(a) 284

(b) 262

(c) 236

(a) 16.1

®) 17.5

(a) 81.7

) 74

(c) 81

(d) 8L.7
74
81

(a) 6674

(b) 5476

e) 6561

(a) R, -500,000 ohms
R,;—1200 ohms
R:—1,180,000 ohms
R3;—1200 ohuns
R,—1,180,000 ohms
Cv—0.005 uf
Cr—5.4 uf
C>—0.04 pf
C3i—>54 uf
C—0.04 uf

®) 175
159
169

(c) 89.7 db
88.0 db
89.1 db

91 cyeles

(a) R—250,000 ohms
Cv—0.016 pf
R1:—530 ohms
C1—10.9 uf
R,—370,000 ochms
Cs—0.09 uf

(b) 110
105.6
109.4

(¢) 40.8 db
40.4 db
40.7 db

39 cycles (min)

76,300 cycles (max)
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81.

33.

36.

37.

39.

41.

43.

(a)
(8

)
(@)
(»
(c)

(&)

{a)
)
()
(@)
®

(e
(d)
(&
)
()

304 volts

15.1

19.7

194

23 db

50 volts

300 volts
188,400 ohms
1,884,000 ohms
9,420,000 ohms

189,500 ohms (inductive)
4,623,000 ohms (induetive)
682,000 ohms (capacitive)

0.0079 uf

79 upf

3.16 upf
250.64 volts
39

50

59.7

23,900 cycles
148

2.1 db (loss)
1.5 db (gain)
40 volts

(b) 0.8

(©

22.2 volts

(d) 4.5 volts

(a)
(b}
©)
(2)
)]

0.1
9.4
10
0.424
0.179

Chapter IX
. —21t0 —10 volts

78 to 185 volts
0.35 to 3.05 ma

. 0 to —8 volts

48 to 160 volts
1 to 3.75 ma

. {a)

(b)
()
(d)

. (@)

(®
()
(d)
(@)
&)

60 ma

0to —90 volts
104 to 372 volts
11 to 118 ma
58 ma

49 ma,

146 volts

122 volts

57.2 ma

143 volts

11.
13.

14,
16.

18.
21.

23.

24.

26.

28.

30.

32.

34.
31.

39.

41.

ESSENTIALS OF RADIO

(d) 40.4 ma
101 volts
{e) 4.08 watts

. (a) 1650 chms

(6) 0.920 watt
(c¢) 0.818 watt
4.20 per cent
{a) 3300 ohms
(b) 0.818 watt
(a) 16.G per eent
(b) 26.6 per cent
11 watts
3950 umhos
(a) 3.96 watts
(®) 19 per cent
{c) 26.4 per cent
(d) 11.04 watts
(e) 5.76 watts
1.7 watts
7.5 per cent
() 81 ma
(b) 5 ma
(c) 35.5 ma
(d) 68.5 ma
(e) 10.5 ma
(f) 315 volts
(a) 9.5 per cent
() 3.66 per cent
(¢) 10.1 per cent
(d) 3.88 watts
(e) 28.1 per cent
(a) 3.4 watts
(b) 13.6 watts
(c) 33.5db
{a) 16 watts
) 84.2db
(¢) 260 ma

136 ma
(b) 15.6 watts
(c) 1846 ohms
(d) 1.5 per cent
23.4 watts
{a) 100,000 ohms
b 22
(¢) 11,363 ohms
(d) 238,637 chms
(¢) 35.3
(c) 17.6
1,—90,000 ohms
Rz——‘l(},mﬂ ohms



o =

11,
13.

15.

117.

19.

21,
23.

26.

Chapter X

..877 to 2833 ke
. 997 to 2400 ke
. (a) 2.5 psec

(b) 0.227 usec
(¢) Long

. (@) X1—34,540 ohms

Xe—14.5 ohms
(b) 2380
(¢) X1—15,700 ohms
X¢—31.8 ohms
(d) 494

. 1227 ke

15

(@) 112 ppf

&) 15.9 ma

(¢)'7.96 mw

(d) 0.0252 mw per cycle
(e) 4.77

(@) 11.4 gh

(b) BB.7 uuf

{¢) 4.16 amp

(d) 0.332 amp

(e) 199 p watts per cycle
(a) 41.6 ph

(b) 5.94 ph

(c) 236 puf

(d) 4.62 u watts per cycle
(@) 750 eyeles (decrease)
®) 375 cycles (increase)
(¢) 750 cycles (increase)
4239

() 0.45inch

(®) 0.045 inch

(¢) 0.01126 inch

(e} 400 ke

(d) 2200 ke

(c) 4000 ke

Chapter XI

. (a) 135 volts

(¢) 90 volts
{d) 423 volts

. (a) 405 volts

(¢) 330 volts
(d) 634.5 volts

. (a) 169 volts

(b) 838 volts
{c) 338 voits
(d) 338 volts

APPENDIX XVIII

7.

13.
16.

17.
19.

21.

23.

26.

28.
30.
31.
33.

41,

(b) 200 volts for C;
350 volts for C;
3500 volts for C;
(¢) 250 volts for C,
450 volts for
600 volts for O3
(d) 330 volts at each tube

. 400 ma
. (@) 117 volts

(b) 111 per cent
(¢) 60 cycles per sec
(@) 53.1 volts

(b) 180 cyecles per sce
0.09 volt

3.74 per cent

(a) 1500 ohms

(b) 998 uf

(c) 2.66 ohms

(d) 62 amp

(e) Burn it out
(f) No

(r) 9.97 per cent
(b) 0.24 per cent
(a) 12.4 per cent
(b) 0.452 per cent
(c) 0.022 per cent
(a) 7.8 per cent
() 0.517 per cent
50 per cent,

96 volts

2.5 per cent

(a) 1.25 per cent
(b) 0.025 per cent

. 14.4 per cent
. (a) 1.80 per cent

(b) 0.052 per cent
4.8 henries

. R,—3344 ohms

R,—1886 ohms
R3—5555 ohms
R~—247 ohms
B;—6.2 ohms
R¢—191 ohms
(a) 144 watts
(b) 5.97 watts
2.63 watts
3.6 watts
0.324 watt
0.081 watt
2.5 watts

44, (¢) Reduces the voltage for the

second grid of VT
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45.

(b) Reduees the voltage for the
screen pgrids of V1, VT, and
VT,

(¢) 180 volts

(d) 0.48 watt

(e) 105 volts

(f) 1.26 watts

343 volts

13.
15.

Chapter XII

. (@) 378 pw

(b) 3.78 pw

(¢) 3.78 uw 17.

(d) 1.51 mw

. 0.316 volt 19.
. (@) 0.0025 uw

b) 0.062 mv

. (a) 50 uv

%) 2mv

. (@) 3.98 mv £3.

(b) 39.8 mv

11.

ESSENTIALS OF RADIO

Feet Volts Per cent
7 2.23 mv 100
50 1.26 mv 56
100 0.84 my 36
200 0.50 mv 22
24.5
(a) 44.7
(b) 22.3
(e) 14.1
(a) 50
®) 100
(a) 0.00632 uf

(b) 100 ohms
{c) 5335 ohms
(d) 3431 ohms

21. 109.6 db
(a) 79 db below 6 mw
(b) 38 db below 6 mw



INDEX

A

Abbreviations, 721-726
A-c resistance, of coils, 47-48
of tube, 168
Acorn tube, 190-191
Adjustable resistors, 27
Acrial (see Antenna)
Air-core coils, 43
Alr-pressure microphones, 541-542
Aligniment, 662-668
of trf receivers, 663-665
of superheterodyne receivers, 665-668
All-wave receiver, 254-261
Alphabet, Greek, 722-723
Alternating current, average value of, 68
effective value of, 68
instantaneous value of, 68
maximum value of, 68, 492
power of, 69-73
Alternating-current cireuits, 68 -83
characteristics of, 68-69
Ohm’s law for, 68-70
parallel, 72-73
power in, 69-73
series, 70-72
simple, 69-70
Alternating-current plate resistance, 168
Alternating-current resistance, 47-48,
51-52, 88, 168
Alternating-current vectors, 38, 51
Alternating-current voltmeier, 681
Alternating-current wave, 68
Alternating voltage, 68
Alternation, 13
Ammeter, 679-680
Amplification, power, 400-403, 419-425
voltage, 172-175, 287-201, 304-312,
338-348, 350-353, 356-360, 364-
365

Amplification factor, of heam power
tubes, 186
of pentodes, 184
of tetrodes, 181
of triodes, 167-168, 172
Amplifiers, audio-frequency,
392-439
(See also Audio-frequency power
amplifiers; Audio-frequency volt-
age amplifiers)
band-pass, 106-110, 300-312
buffer, 585
Class A, 279-201
(See also Class A amplifier)
Class Aq, 412
Class AB, 279, 433-434
Class B, 279, 431435
Class C, 279, 587-589
classification of, 279-283
decibel gain in, 327-332, 364-365
degeneration in, 314, 365
{(See also Negative feedback)
direct-coupled, 298
distortion in, 283-287, 369-370, 403—
404, 121-423, 430-433
dynamic characteristics of, 394-399
equivalent circuits of, 287-291, 293-
294, 296-300, 331-348, 350, 357—
358, 426
feedback, 313-315, 365-379, 438-439
fidelity of; 320-324
graphical analysis of, 412-421, 426-429
impedance-coupled, 293-295, 349-355
intermediate-frequency, 300-312, 636,
652-658, 665-666
load lines for, 394-396, 419-421, 430-
433
modulating, 586
multistage, 312-315, 364-365, 375-377
parallel, 424 425
parallel-feed, 353-356

332-382,

787
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Amplifiers, pentode, 280-291
phase inverter, 435—136
phase relations in, 161-163
power, 278, 392-139, 587-589
for public-address systems, 408-409,
566-570
push-pull, 125136
Q of, 205
racdio-frequency, 291- 315, 587-589
regeneration in, 314-315, 363
resistance-capacitance-coupled (see Re-
sistance-capacitance-coupled
amplifier)
seleetivity of, 106-110, 301-304, 65+
shielding in, 314-315
speech, 320-324, 586
stability of, 371
transformer-coupled, 298-315, 355-364
triode, 287-289
voltage, 278-279, 291-315, 332-382
Amplitude, distortion in, 283-287, 369-
370, 403—104, 421-423, 430433
modulation of, 577-581
Amplitude-modulated receiver, 633-603
Amplitude-modulated transmitter, 583-
597
Analyzers, set, 600-692
Angle, of lag, 36 39
of lead, 51 52
phase, 36-39, 51-52
of radiation, 621
of reflection, 624-625
of refraction, 624- 625
Anode, 158 159
accelerating, 697
Antenna, capacitive loading of, 613-614
coupling to transmitter of, 617
current in, 610
eurrent distribution on, 609 610
current-fed, 617
dipole, 611, 669
directional, 614
doublet, 611
eleetrieal eharacteristics of, 135-136
fundamental, 136, 608-610
grounded, 611-613
half-wave, 608, 611
Hertz, 611
impedance of, 609-610
induetive loading of, 613-614

ESSENTIALS OF RADIO

Anteuna, loop, 134135, 643-6-(4
length of, 133, 608, 613-614
AMareoni, 611-613
principle of, 605-606
quarter-wave, 611-613
radiation of, 606-608
receiving, 132-136, 644, 669
resistance of, 610
transmitting, 604—614
voltage distribution on an, 609-610
voltage fed, 617
Antenna array, 614
Antilogarithm, 326-327
A-power supply, 485
Armstrong method of frequency modu-
lation, 537-598, 603-604
Audible, sound waves, 11-13, 320-324
Audio-frequency, ranges of, 12, 320-321
Audio-frequeney, by-pass eapacitor, 217-
218
Audio-frequency choke, 41, 349
Audio-frequeney oscillator, 692 693
Audio-frequeney power amplifiers, 392-
439
classifieation of, 392
distortion in, 403—04, 421323, 430-
433
graphical analysis of, 401403, 412-421
impedanee matching in, 436-437
maximum power output of, 400-403,
415417
maximum undistorted power output
of, 404 -405
negative fecdback, 438-439
parallel operation of, 424-425
power amplification of, 100403, 419-
425
push-pull operation of, 425-436
(See also Amplifiers)
Audio-frequeney signal generator, 692-
693

Audio-frequeney  transformer, 4546,
360 364, 751
Audio-frequeney  voltage  amplifiers,

classifieation of, 320
deeibel gain in, 327-332, 364-365
equivalent circuit of, 333-318, 350,
357-358
feedback amplifiers, 365-379
impedance-coupled, 349-353
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Audio-frequency  voltage
multistage, 364-365
r-¢c-coupled, 332-349
(See also Resistance-capacitance-
coupled amplifier)
regeneration in, 365
requirements of, 320- 324
transformer-coupled, 355-360
Audion, 5-6
Autodyne, 230-231
Automatic grid bias, 216-218
Automatic resistance control resistor,
28, 157-158
Automatic tuning, 272-274
Automatic volume control, 233 238
delayed, 236-238
prineiple of, 233
simple, 233-236

B

B-power supply, 485
Balanced detector, 206
Balanced feedback amplifier, 377-379
Balanced modulator, 600-602
Ballast resistor, 157-158
Ballast tube, 28
Band-pass amplifier
300-312
effect of coefficient, of coupling on, 107-
110, 301-304
ideal response curve of, 106-107, 301
width of band pass in, 108-110, 301-
304
Band-pass filter, 93
Band-stop filter, 93-95
Band suppression filter, 93-95
Band switching methods, 256-261
Bands, 247-248, 253-254
side, 579-583
Bandspread, 261-268
Bandwidth, of coupled ecircuits, 98-99,
107-110
of resonant circuits, 84-85
Bank winding, 43
Bar, 545
Bare copper wire, table of, 743 744
Battery, 185-486
Beam power tube, 186-187, 423-424
action of, 186
characteristics of, 186-187

amplifiers,

circuit, 106-110,

789

Beam power tube, distortion in, 421-423
power rating of, 423-424
Beat frequency, 226
Bel, 327-328
Bias, automatie, 216-218
cutoff, 213-214
fixed, 212-213
grid, 161-163, 215-218, 281-283, 455 -
457
grid-leak, 218-223
self, 217
Bias resistor, 216
Bleeder current, 518
Bleeder resistor, 518
Blocking capacitor, 332-338
Blocks, transposition, 620
Bridge rectifier, 496-498
Broadcasting, frequency range of, 16, 22,
252-253
operations in, 17-22
Broadecasting channels, 247-248
Buffer amplifier, 585
Buffer capacitor, 530
By-pass capacitor, a-f, 217 218
filter action of, 147
r-f, 147, 203 205

C

C-power supply, 485
Cable, coaxial, 622-623
Capacitance, calculation of, 48 -49
characteristics of, 48
definition of, 48
distributed, 43, 48, 61-62, 260-261
cffect of, in resonant circuits, 85-86
and inductance, 85-86, 141-142, 758-
759
inherent, of circuit clements, 88
interelectrode, of tubes, 178-180
stray, 345
units of, 49
Capacitive coupling, 96, 592 593
Capacitive reactance, 50- 51
Capacitor, a f by-pa s, 217 218
blocking, 332 338
buffer, 530
characteristics of, 48
charging time of, 116 -117
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Capacitor, checker of, 707
color code of, 748-719
coupling, 96, 332
decoupling, 330
dielectric in, 48-50
discharge of, 117
electrolytic, 54-58
equivalent circuit of, 88
filter, 91-96, 642
fixed, 53-58
gang, 59, 270-271
impedance of, 51
line filter, 642
losses of, 6O
mica-dielectrie, 53, 748-749
nonpolarized, 61
oil-dielectrie, 51
padder, 265 267, 667-668
paper dieleetrie, 53-54
in parallel, 52-53
plates of, 18-50
polarized, 61
reactance of, 50-51
resistance of, 51-52, 88
r-f by-pass, 147, 203-205
in series, 52-53
split-stator, 59, 271
trimmer, 26:1-268, 66:4-667
variable, 58-50, 248-250, 271
voltage rating of, 61

Capacitor-input filter, characteristics of,

514
output voltage of, 513
regulation of, 513-514
ripple voltage of, 510-513
theory of, 510

Capacitor microphone, 552--353

Capacity (see Capacitance)

Carbon microphone, 538-551

Carbon resistor, 27, 31, 746-747

Carrier swing, 582

Carrier wave, 576

Cathode, directly heated, 152 -153
indirectly heated, 153-151
ionic-heated, 191
oxide-coated, 152-154
purpose of, 151-152

Cathode-hias resistor, 216-217

Cathode by-pass capacitor, 217

Cathode connections, 154-157
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Cathode-ray oscilloscope, flyback time
of, 701
operation of, 702 705
principle of, 699 700
saw-tooth time base of, 701
sweep generator of, 700-702
synchronization of, 702
Cathode-ray tube, accelerating anode
of, 697
electromagnetic deflection in, 699
electron gun of, 696--697
electrostatic deflection in, 698-699
focusing in, 697 698
focusing electrode of, 697
fluorescent screen of, 698
prineiple of operation of, 695-696
type numbers of, 699
Cathode-ray tuning indicator, 659-662
C-bias deteetor, 210
Center frequeney, 532
Channel, broadecasting, 247-248
Chanalyst, 707 708
Characteristic impedance, $1
Charge, clectrie, 32, 18—19, 150-161, 491
Checker, L-C, 707
Choke coils, a-f, 41, 349
distributed capacitance of, 62
power supply, 41, 516-517
r-f, 43
Choke-input  filter,
517 518
output voltage of, 517
ripple voltage of, 514-517
theory of, 514;
Clircuit Q, 83-86
(See alse Q)
Cireuits, a-¢, 68 83
converter, 649 652
coupling of (see Coupling)
decoupling, 380-382
delayed-action, 110-120
d-c, 63-68
equivalent (see Equivalent ecircuits)
filter, 80-96, 214-215, 506-518, 565
oscillatory, 451-453
poswer supply, 485-533
resonant, 74-87
sweep, 700-702
tank, 462-467
tuned, 79-83

characteristics  of,
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Circulating current, 79
Class A amplifiers, characteristics of,
280-281
distortion in, 283-287
efficiency of, 407-410
feedback in, 313-315
grid biag for, 281-283
intermediate-frequency, 300-312
multistage, 312- 315, 364-365
operation of, 281-283
parallel, 424425
phase reversal in, 161-163
power amplification in, 400-403
push-pull, 425433
radio-frequency, 291-315
voltage amplification of, 287-291
Class AB amplifiers, 279-280, 433-434
Class B amplifiers, operation of, 279--280
push-pull, 434435
Class C amplifiers, 279, 587-589
Coaxial cable, 622--623
Code, color, 746-751
reception of, 224-225, 230-232
Coefficient, of coupling, 35, 98 99
calculation of, 35
effect of, on resgponse, 98-99
effect of, on width of band pass,
106-110, 301-304
of temperature, of crystals, 472-473
of thickness, of erystals, 473474
Coils, aiding, 39
air-core, 43
a-c resistance of, 47-48
choke, 41-43, 62, 349, 516-517
high-frequency, 43
impedance of, 37
inductance of, 33-34
iron-core, 41
low-frequency, 41
noninductively wound, 4041
opposing, 39
plug-in, 254-256
Q of, 43
r-f tuning, 250-252
shapes and types of, 33-34, 43
shielding of, 47, 314-315
skin effect in, 47
uses of, 41, 43
variable inductance, 39, 138
voice, 556
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Coils, with variable coupling, 39, 138,
301-304
Cold-cathode tube, 531
Color eode, for a-{ transformers, 751
for i-f transformers, 751
for loudspeakers, 750
for mica capacitors, 748-749
for power transformers, 751
for resistors, 746-747
Colpitts oscillator, 459-460
Combination meter, 679, 684-685
Common impedance, 379-380
Communieation, history of, 2-3
types of, 1-2
Complex coupling, 97-98
Condenser (see Capacitor)
Cone, loudspeaker, 555-556
Contact-type microphones, 542-543
Continuous wave, interrupted, 224-225
Control grid, 161-163
Conversion cfficiency, 646
Conversion factors, 727--730
Converter circuils, 649-652
Contact rectifier, 493
Copper-oxide rectifier, 493
Copper wire table, 743-744
Cosines, table of, 754-755
Counterpoise, 613
Coupled impedance, 99-106
Coupled resistance, 102, 103
Coupling, of band-pass circuits, 106-110,
300-304
capacitive, 96, 592-593
coefficient of, 35, 98-99, 106, 110, 301-
304
complex, 97-908
eritical, 98-99, 109-110, 305-306
direct, 96
electron, 477478, 649
element of, 96-98
impedance, 593-594
indireet, 96-97
inductive, 35, 96-97
interstage, 592-594
link, 594
loose, 9899
methods of, 96-98
mutual inductive, 99-106
optimum, 99
principles of, 96
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Coupling, response curves of, 98-99, 106~
110
sunple, 96-97
tight, 98-99
transformer, 99-110
of tuned and untuned eircuits, 106-110
variable, 39-40, 138, 301-304
(C'ritical coupling, 98-99, 109-110, 305-
306
Critical inductance, 516
Croshy system of frequency modulation,
597-600, 602-603
Cross modulation, 185
Cross talk, 185
C'rystal, characteristics of, 471-474
equivalent electrical cireuit of, 474476
frequeney range of, 479
mounting of, 471475
power output of, 474
Q of, 475-476
quartz, 472-47-L
Rochelle salt, 471
safeguarding of, 474
temperature coefficient of, 472-473
thickness coeflicient of, 173-474
tourmaline, 471
uses of, 470
Crystal cuts, types of, 473
Crystal detector, 142-144
Crystal microphone, 551 552
Crystal oscillator, 476177
Crystal pickup, 561-565
Current, alternating  (see
current)
antenna, 610
bleeder, 518
eireululing, 79
eddy, 47
lagging, 36-39
leading, 5152
plate, 158, 402
saturation, 161
Curves, a-f amplifier characteristics, 333~
334, 350 352, 363 364, 370
grid voltage vs. plate current, 166-171
parallel-resonance, 81-83
plate voltage vs. plate eurrent, 166- 169
response, 98-99, 106-110, 246-247,
269, 301
saturation, 159

Alternating
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Curves, serics-resonance, 79-81
slope of, 80-84, 98-110
speech ebharacteristios, 322 324
universal thne-constant, 117-119

Cutoff hias, 213-214

Cycle, 13

D

Decibel, 324
use of, 327-332, 364-365, 515-548
Decoupling, 365, 370-382
Deeoupling capaeitor, 380
Decoupling civeuits, 380-382
Decoupling factor, 380
Decoupling resistor, 380
Deflection, electrormiagnetie, 699
electrostatic, 698-699
Degencerative feedback (see Inverse {eed-
back)
Delayed-action
114-117
R-L circuits, 110-114
universal time-constant curves for,
117-119
uses of, 119-120
Delayed automatic volume control, 236-
238
Demodulation (see Detection)
Demodulator (see Detector)
Detection, 201-203
double, 643
Detector, autodyne, 230-231
crystal, 142 144
diode, 203 -210
distortion in, 213-215
fidelity of, 202-203
full-wave diode, 206-207
function of, 131--132, 201
grid-leak, 218 223
heterodyne, 224-228
linearity of, 207
plate, 210 218
power, 223 224
regenerative, 228-230
second, (658
sensitivity of, 202-203
square-law, 223
superregenerative, 231-232
Deviation, frequency, 582-583

eireuits, R-C circuits,
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Deviation ratio, 583
Dielectric in. capacitor, 48-50
Dielectric constant, 49, 745
Dielectric strength, 745
Diode, 158-161
Diode detector, 203-210
Diode rectifier, 490
Dipole, 611, 669
Direct-coupled amplifier, 298
Direct coupling, 96
Direct-current circuits, combination, 63—
66
Ohm'’s law for, 63
parallel, 64-65
parallel-series, 66-68
power in, 63-68
series, 6364
series-parallel, 65-66
simple, 63
Direct-current voltmeter, 630-681
Direct inductive coupling, 96
Directional antenna, 614
Directly heated cathode, 152-153
Discharge of a capacitor, 117
Discriminator, 671-674
Dissipation, 410-411
Distortion, in amplifiers, 283 287, 370,
403-404, 421-423, 430-433
in beam power tubes, 421-423
calculation of, 403404, 421-423
in Class AB amplificrs, 433
in Class B amplifiers, 434
in detector, 213-215
frequency, 370
harmonie, 370, 403-404, 462
modulation, 185
nonlinear, 369
in oscillator, 469-470
in pentodes, 421—423
phase, 369
in push-pull amplifiers, 430-433
Distributed capacitance, of choke colil,
61-62
effect of, 62, 260 261
methods of reducing, 43, 48
Distributed inductance, 88
Distributed resistance, 88
Divider, voltage, 518 521
Double-impedanec-roupled amplifier, 353

Double superheterodyne, 643

Doubler, voltage, 498-502

Doublet antenna, 611

Drawing symhols, 711-720

Dry-disk rectifier, 493

Dry electrolytic capacitor, 56-58

Dynamic characteristics of tubes, 165
394-399

Dynamie mnstability, 469, 585

Dynamic loudspeaker, 556-560

Dynamic microphone, 553-554

Dynamic plate resistance, 168

E

Ear, 11
Earphones, 144-147
Fddy currents, 47
Edison cffect, 4, 150
Efficiency, of Class A amplifiers, 407-410

of Class AB amplifiers, 433

of Class B3 amplifiers, 434

of oscillators, 468-469

plate, 407-410

plate-circuit, 406-407

of tank circuit, 463
Fleetric charge, 32, 48-49
Fleetrical length of lines, 614
Electrode, focusing, 697
Electrodynamic loudspeaker, 558-559
Lleetrolytic capaecitor, 54 -58
Electromagnetic deflection, 699
Electromagnetic field, 605
Flectron-coupled oscillator, 477-478
Flectron coupling, 477-478, 649
Electron eimission, 4-5
Eleetron gun, 696-697
Electronic voltmeter, 686 688
Electronics, applications of, 7 -10
Flectron-ray tube, 659-662
Flectrostatic deflection, 698699
Flectrostatic field, 605
Electrostatic focusing, 697-698
Emission, secondary, 180

thermionie, 152-153
Fnergy, stored by eclectrie field, 49

stored by magnetic field, 32

stored in tank ecireuit, 465-467
Equivalent circuit, of amplifiers (see

Amplifiers, equivalent circuits of}
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Equivalent circuit, of capacitors, 88
constant-currcnt form, 289-291
constant-voltage form, 287-289
of a crystal, 474-476
of inductors, 88
of resistors, 88

Exciter, 586

Exponents, use of, 731-732

F

Fading, 625
Farad, 49
Feed, single-wire, 623
Feedback amplifiers, 313-315, 365-379,
438-439
advantages of, 365-366, 369-371
balanced, 377-379
equations for, 366-369
Lmitations of, 372-373
multistage, 375-377
negative, 365-379, 438-439
positive, 365-366
power, 138-439
principle of, 366-368
Feedback factor, 368
Fidelity, of amplifiers, 320 324
of detectors, 202-203
of receivers, 245-216, 630-632
Fitament-type tubes, 152-153
Filter ¢ircuits, aetion of, 89 90
band-pass, 93
band-stop, 93-95
eapacitor-input, 510-514
choke-input, 514 -518
high-pass, 92- 93
low-pass, 91 92
m-derived, 95-96
multisection, 90, 512-513
operation of, 508 -509
pi-type, 90
purpose of, 506 507
regulation of, 513-514
resistor-capacitor, 95-96
r-f, 214-215
for ripple voltage, 507 508, 511-515
scrateh, 565
terms for, 90-91
types of, 91-96, 509-510
T-type, 90
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Fixed bias, 212-213
Fixed capacitor, 53-58
Tixed resistor, 27
Fleming valve, 4, 151
Fluorescent sercen, 698
Flybaek time, 701
Tocusing electrode, 697
Formulas, summary of, 733-742
Frequency, beat, 226
quenching, 231
ranges of, 16, 252-253, 320-324, 479
of resonance, 75-76, 78
resting, 582
ripple, 507
Frequency deviation, 582
Frequency distortion, 370
Frequeney-modulated recciver, 668-674
antenna for, 669
block diagram of, 668-669
discrimuinator of, 671-674
limiter of, 671
r-f section of, 670
Frequency-modulated transmitter, 507—
604
(See also Transmitter)
Frequency modulation, 577, 581-583,
507 604, 668 674
Frequeney multiplier, 479
Frequeney responsc of wmicraphones, 543
Frequeney stability of oscillator468-470
Full-wave detector, 206-207
Full-wave rectifiers, 194-496
Fundamental antenna, 136, 608-610

G

Gang capacitor, 59, 270-271
Ganged tuning, 270-272
Cas regulator tube, 531-533
Generator, harmonie, 479
saw-tooth, 700 702
signal, 692 695
Graphical analysis, of dynamic charae-
teristics of a vacuum tube, 394-400
of oseillator, 455457
of power amplifiers, 412-421
of push-pull amplifiers, 426-429
of static characteristies of a vaecuum
tube, 163--171
Greek alphabet, 722-723
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Grid, action of, 161, 182-184
sereen, 177-180

Grid bias, 161-163, 215-218, 281-283,
455-457

Grid-bias modulation, 589- 590

Grid-cathode capacitance, 178

Grid detection, 218-223

Grid excitation, 468

Grid keying, 584

Grid-leak bias, 218-223

Grid-leak-eapacitor detector, 218-223

Grid modulation, 589-590

Grid-plate capacitance, 178

Grid-plate transconductance,
177, 181, 184, 186

Grid voltage vs. plate current, 166-171

Ground wave, 623-624

Grounded antenna, 611-613

170-172,

H

Half-wave antenna, 608, 611

Half-wave rectifier, 493-494, 496

Tlarmonic analysis, 421-423

Harmonic distortion, 370, 403-404
(See also Distortion)

Harmonic generator, 179

Hartley oscillator, 457-458

Heising method of modulation, 590

Henry, 32

Heptode, 188

Hertz antenna, 611

Heterodyne detector, 224-228

High-frequency choke, 43

High-frequency range, 43

High-frequency resistance, 47-48

High-level modulation, 589

High-pass filter, 92 -93

Horuns, types of, 555, 559-560

I

Image-frequency signals, 653
Tmpedance, of antenna, 609-610
calculation of, 37, 51
characteristie, 91
common, 379-380
coupled, 99-106
matéhing of, 436, 547-548, 620-623
in parallel resonant circuit, 78-79
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Impedance, plate-to-plate, 430
reflected, 99-106
in series resonant circuit, 76
of transmission lines, 617-619, 621
Impedance-coupled amplifier, andio-fre-
quency, 349-355
characteristics of, 849-350, 355
circuit action of, 349
double-impedance, 353
parallel-plate feed of, 353-355
radio-frequency, 293-295
voltage amplification of, 350-353
Impedance coupling, 593-594
Indicator, tuning, 659-662
Indirect coupling, 96-97
Tndirectly heated cathode, 153-154
Induced voltage, of mutual inductance,
35-36
principles of, 32-33
of sclf-inductance, 32-33
Inductance, calculation of, 32-36
and capacitance, 85-86, 141-142, 758—
759
characteristics of, 32
of coils, 33-34
critical, 516
distributed, 88
effect of, in resonant circuits, 85-86
mutual, 34-36
self, 32-34
unit of, 32
Inductance coils (see Coils)
Induction, of coil, 33-34
in field, 32
magnetic, 32
Inductive coupling, 35, 96-97
Inductive reactance, 36-39
Inductors, checker of, 707
equivalent circuit of, 88
in parallel, 39
in series, 39
Inherent capacitance of circuit, 88
Instability, dynamic, 469, 585
Interelcetrode capacitance, 178-180
Intermediate-frequency amplifiers, 300-
312
alignment of, 665- 666
characteristics of, 652-658
eircuits of, 300- 312
equivalent circuit of, 304-312
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Intermediate-frequeney amplifiers, selec~
tivity of, 301-304, 651
in superheterodyne receivers, 636, 653-
658, 665-666
transformer for, 46, 301-30, 751
color code for, 751
values of, 304, 653
voltage amplification of, 304-312
Interpolation, of logarithms, 326
Interrupted continuous wave, 224-225
Interstage coupling, 592-504
Inverse feedback, 365
(See also Negative feedback ampli-
fiers)
Inverse peak voltage, 492
Inverter, phase, 435-436
Ionic-heated cathode, 491
Ionization, 491--492
lonosphere, 624
Iron-core coils, 41

K

Keunclly-Heaviside layer, 621
Keying, methods of, 584
Kilveycles, 15

IJ

Lag, angle of, 36-39
Lagging current, 36-39
L-C checker, 707
LC product, 141 -142
LC ratio, 85-86
LC tables, 758-759
Lead, angle of, 51--52
Leading current, 51 52
Letter symbols, 721-726
Limiter, 671
Line filter eapacitor, 642
Line rectifier, 524-526
Lines, load, 394-396, 419-421, 430-433
long, 614-615
resonant, 615-619
short, 614-615
(See also Transmission lines)
Link coupling, 594
Lip microphone, 543
Litz wire, 48
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Load lines, 394-396, 419-421, 430-433
Load resistor, 337
Loeal oscillator, 615
Logarithms, 321-327, 756-757
Loktal base tubes, 189
Loop antenna, 134-135, 643-644
Loose coupling, 98-99
Loudspesker, eolor code for, 750
cone of, 5556-556
electrodynamic, 558-559
horns for, 555, 559-56G0
magnetic, 555-556
p-m dynamie, 557-558
Low-frequency coils, -1
Low-level modulation, 589
Low-pass filter, 91-92

A

M-derived filters, 95-96

Magnetic loudspeaker, 555-556

Magnetic pickup, 563-564

Magnetic wire recorder and reproducer,
565-566

Marconi antenna, 611-613

Master oscillator power amplifier, 584-
585

Mathematical symbols, 723

Maximum power output, 400-403, 415-
417

Maximum power transfer, 100103

Maximum undistorted power output,
404-405

Measuring instruments, ammeter 679-
680

combination meter, (79, 684-685
electronic voltieter, 636-688
chmmeter, 683-684
output meter, 685-686
rectifier-type, 681
vacuum-tube voltmeter, 688-690
voltmeter, 680-681, 636-690
Mica eapacitor, 53, 748-749
Mierofarad, 49
Mierohenry, 32
Mieromho, 171
Microphone, air-pressure types, 511-542
carbon, 518-551
capacitor, 552-553
contact, 542-543
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Microphone, crystal, 551-552
dynamic, 553-554
frequeney response of, 543
lip, 543
moving-coil, 553-554
range of pickup of, 544-515
rating of, 545-548
reference level of, 545-546
ribbon, 554-555
sensitivity of, 543-544
throat, 543
transformer of, 549-550
velocity of, 554-555

Microphonics, 631

Mixer, 644-645

Modulated wave, amplitude, 577-581
frequency, 581-583

Modulating amplificr, 586

Modulation, amplitude, 577-581
cross, 185
{requency, 577, 581-583, 597-604, 668

674
grid, 589-590
high-level, 589
low-level, 589
per cent of, 578 579
phase, 577
plate, 590-592

Modulation-distortion, 185

Modulation envelope, 577-578

Modulator, balanced, 600-602
reactance-tube, 598-600

Moving-coil microphone, 553 -554

Mu (see Amplification factor)

Multiband reccivers, 254-261

Multielecirode tube, 188

Multiphase rectifier, 503 504

Multiple-stage tuning, 268-270

Multiples and submultiples, table of

727-730

Mutltiplier, frequency, 479
voltage, 498~503
voltmeter, 682- 683

Multipurpose tubes, 188-189

Multisection filter, 90, 512513

Multistage amplifier, 312-315, 361 365,

375-377
Multistage tuning, 268 270
Multivibrator, 447, 702
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Mutual conductanee (see Trans-conduct-
ance)

Mutual inductance, 3.1-36

Mutual inductive coupling, 99-106

N

Negative feedback amplifiers, 365-379,
438-439
advantages of, 365-366
balanced, 377-379
current-controlled, 375
distortion in, 369-370
limitations of, 372-373
multistage, 375-377
stability of, 371
voltage-controlled, 373-375
Negative resistance oscillator, 447-448
Noise, in receivers, 631
microphonie, 631
shot effect, 631
thermal-agitation, 631
Noninduetive winding, 40-41
Nonlinear distortion, 369
Nonpolarized capacitor, 61
Nonresonant lines, 621
Nonsynchronous vibrator, 528-529
Numbering of tubes, 191-194

0]

Octal base tube, 191-192

Octode, 188

Ohmmeter, 683-684

Ohm’s law, for a-c circuits, 68-70
for d-¢ circuits, 63

Optimum coupling, 99

Oscillator, amplifier action of, 449
analysis of, 453-455
audio-frequency, 692 693
classification of, 447149
Colpitts, 459-460
constant voltage supply for, 469-470
crystal, 476 477
distortion in, 469- 470
effect of @ in, 162—463
efficiency of, 168-469
electron-coupled, 477-479
excitation voltage of, 468
frequency multiplier, 479
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Oscillator, frequencey stability of, 469-470
graphical analysis of, 455-457
grid bias of, 455-457
harmonic, 479
harmonie distortion in, 462
Hartley, 457-458
local, 645
multivibrator, 447, 702
negative resistance, 448
operation of, 455
padder capacitor for, 667 668
parallel-feed, 458 -459
power output of, 468
r-f, 693695
relaxation, 447
series-fed, 457
stability of, 161, 469-470
sweep, 700-702
tank eircuit in, 462467
tri-tet, 480
tuned-grid tuncd-plate, 160-162
uses of, 446—447 )

Oscillatory cireuit, 451453

Oscilloscope, 699-705
cathode-ray tube for, 645-699
linear sweep eircuit, of, 700-702
operation of, 702-705
patterns of, 703
uses of, 705

Output meter, 685-686

Qutput iransformer, 436—438

Oxide-coated cathode, 152-154

4

Padder capacitor, 265-267, 667-668
Paper capacitor, 53—-5¢
Parallel a-c circuits, 72-73
Parallel d-c¢ circuits, 64-68
Parallel-feed ainplifiers, 3563-356
Parallel-feed oscillators, 158-459
Parallel inductors, 39
Parallel operation, of amplifiers, 424-425
of rectifier tubes, 504-505
Parallel resonant cireuit, 77-79
curves of, 81 83
Peak inverse voltage, 492
Peak plate current, 492
Peak value of alternating current, 492
Pentagrid converter, 648-652
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Pentode, 182-184
action of suppressor grid in, 182-184
amplification factor of, 184
charaeteristic curves of, 183-184
distortion in, 421-423
plate resistance of, 184
power rating of, 423—424
transconductance of, 184
Pentode amplifier, 289-291
Permanent-magnet dynamic loudspeaker,
557-558
Plase angle, 36- 39, 51-52
Phase distortion, 369
Phase inverter, 435-436
Phase modulation, 577
Phase relations in an amplifier, 161-163
Phonograph pickup, crystal, 564-565
magnetie, 563-564
Pi-type filter, 90
Piezoelectric effect, 471
Pin numbering of tubes, 191-193
Plate, characteristic curves of, 166-171
load resistor of, 337
of vaeuum tube, 158-159
Plate-cathode capacitance, 178
Plate-circuit efficiency, 406-407
Plate current, 158, 492
Plate detection, 210-218
Plate dissipation, 410-411
Plate efliciency, 407410
Platc keying, 584
Plate modulation, 590-592
Plate resistance, a-c, 168
of beam power tubes, 186
dynamie, 168
of pentodes, 184
of tetrodes, 181
of triodes, 168-169, 172
Plate saturation, 161
Plate-to-plate impedance, 430
Plug-in coil, 251-256
Polarization of radio waves, 611
Polarized capacitor, 61
Positive feedbhaek, 365-366
Potentiometer, 29-31
Power, amplification of, 400-403, 419--
425
caleulation of, in a-¢ eircuits, 69-73
caleulation of, in d-¢ circuits, 63-68
maximum output of, 400-405, 415-417
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Power, maximum transfer of, 400-403
maximum undistorted output of, 404~
405
Power amplifier, 278, 392-439, 587-589
(See also Amplificrs)
Power detector, 223-224
Power factor, 69-70
Power output, Class A amplifier, 400-405
Class AB amplifier, 433
Class B amplifier, 434
Class C amplifier, 588
maximum, 400-405, 415-417
of oscillator, 468
Power rating, of beam power tube, 423
424
of pentodes, 423-424
Power sensitivity, 411-412
Power 'supply choke, 41, 516-517
Power supply circuits, 485-533
a-c/d-c, 524-528
battery, 485-486
bleeder current in, 518
bleeder resistor in, 518
capacitor-input filter, 510-514
choke-input filter, 514-518
components of, 521
filters for, 506-518
multiphase, 503-504
output voltage of, 522-523
rectifiers, 490-493
rectifier circuits, 493-506
regulation of, 513-514, 523-524, 531—
533
transformer, 44, 487-490, 751
transformerless, 524-528
types of, 487
vibrator, 528-531
voltage divider for, 518-521
voltage doubler, 498-502
voltage multiplier, 408-503
voltage regulated, 531-533
Preselector, 644
Pressure microphone, 541-542
Pressure reference level, 546
Propagation of radio waves, 623 627
Public-address amplificr, 408-400, 566
568
Public-address system, 568-570
Push-button tuning, 272-274

Push-pull amplifier, 425-436
Push-pull transformer, 438

Q

Q, coil, 43

circuit, 83--86
definition of, 77, 83
effect of, on impedance of parallel
resonant circuit, 78-79
on current in parallel resonant cir-
cuit, 79
on slope of resonance curves, 83-84
on voltages of series resonant cireuit,
77
on wave form of oscillator output.
462-463
on width of band pass in amplifiers,
108-110
on width of resonance curves, 84-85
effective, of coupled circuits, 205
of oscillator circuits, 462-463
of quartz erystal, 475-476
of tuned amplifier, 295
Quality factor (see @)
Quarter-wave antenna, 611-613
Quartz crystal (see Crystals)
Quenching frequency, 231
Quiescent, value, 396

£

R

Radiation, angle of, 624
explanation of, 606
Radiation field, 606
Radiation resistance, 606-608
Radio channel, 247-248
Radio circuit, development of, 6-7
Radio communication, basic electrical
principle of, 2
early history of, 2-3
Radio frequency, ranges of, 16, 252-253
Radio-frequency amplifiers, Class A, 291
315
Class C, 587-580
classification of, 291
cquivalent ecircuit of, 293-294, 206-
297, 208 300
impedance coupled, 293 295
of power, 587-589
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Radio-frequency amplifiers, regeneration
in, 314-315
resistance-capaeitance-coupled,
298
transformer-coupled, 298-313
tuned, 201-295
tuned primary and tuned secondary,
300-312
untuned, 295-298
untuned primary and tuned sccondary,
298-300
voltage, 278-279, 201-315
Radio-frequeney by-pass eapacitor, 147,
203-205
Radio-frequency choke, 43
Radio-frequency filters, 214-215
Radio-frequency oscillator, 693-695
(See also Oseillators)
Radio-frequency signal generator, 693-
695
Radio-frequency transformer, 46
Radio-frequency tuning coil, 250-252
Radio reccivers, a-c/d-¢, 658-659
alignment of, 662-668
all-wave, 254-261
amplitude-modulated, 633 668
antennas for, 132-1306, 644, 669
automatic tuning in, 272-274
automatic volume control in, 233-238
bandspread in, 261 268
band switehing in, 256 261
block diagram for a-m, 633- 638
block diagram for f-m, 668
broadeast band of, 247-248
characteristics of, 630-631
code, 22.4-225, 230 232
eomparison of a-m and f-m, 631-633
crystal, simple, 132
fidelity of, 245-246, 630 632
frequency-modulated, 668-674
functions of, 131-132
ganged tuning in, 270 271
multiband, 254 261
noises in, 631
operations of, 17-22
seleetivity of, 245, 268 270, 630
sensitivity of, 245, 630
short-wave bands of, 253-251
signal-to-noise ratio of, 631
stability of, 630-631

206~
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Radio receivers, superheterodyne, 642-
659, 665 6GS
(See also Superheterodyne receiver)
testing of, 677-688
tone control of, 642
tracking, 271-272, 662-603
tuned-radio-frequency, 637-642, 663-
665
tuning indicator of, 659-662
volume control of, 638
Radio waves, amplitude-modulated, 577-
578
analysis of, 576-577
definition of, 623
fading of, 625
frequency of, 13-17
frequeney-modulated, 581 582
ground wave, 623-624
polarization of, 611
propagation of, 623-627
reflection of, 624
refraction of, 624
short, 252-25+4
sky wave, 624-625
speed of, 13
types of, 577
wavelength of, 13-17
Reactance, capacitive, 50-51
inductive, 36-38
teactance-tube modulator, 598-600
Receivers (see Radio receivers)
Receiving antenna, 132136, 669
Receiving tube characteristics, chart of,
760-773
Recording, 560-566
crystal pickup for, 56-1-565
magnetie pickup for, 563-564
magnetic-wire, 565 566
Reetifier, contact, 403
copper-oxide, 493
dry-disk, 493
Rectifier circuits, bridge, 406-498
diode, 490
filters fory 506-518
full-wave, 494196
half-wave, 403 -194, 496
Line, 524 526
multiphase, 503-504
parallel operation of, 504~-505
regulation of, 513-514
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Rectifier circuits, selenium, 493, 505-506
transformer, 493-506
vibrator, 528531
voltage doubler, 498-502
voltage multiplicr, 498-503
voltage tripler, 502
Rectifier tubes, 490-402, 526-527
Rectifier-type meter, 681
Reference level, pressure, 546
zero, 331-332
Reflected impedance, 99-105
Reflected resistance, 105
Reflection, angle of, 624-625
Refraction, angle of, 624 625
Regeneration, in a-f amplificrs, 365
bias-detector, 228-230
in r-f amplifiers, 314-315
Regencrative detector, 228-230
Regulation of power supply, 513 514,
523-524, 531-533
Regulator tubes, 531-533
Relaxation oscillator, 447
Remote cutoffl tube, 184-186
Resistance, a-¢, of capacitor, 51-52, 88
of coils, 47-48
of tube, 168
antenna, 610
coupled, 102, 105
distributed, 88
effect of, on tuned circuits, 82-83
high-frequeney, 4748
measurcment of, 677-678, 683-681
plate (see Plate resistance)
radiation, 606—608
Resistance-capacitance-coupled amplifier,
andio-frequency, 332-319
balanecd-feedback, 377-379
characteristies of, 333, 348-3149
circuit action of, 332-333
decoupling of, 379-382
design data chart, 774-776
equivalent ecircuit of, 333-348
feedback, 365-379
negative-feedback, 368-369, 373-379
power amplifieation of, 400-403, 419—
425
radio-frequency, 296 -298
resistance and capacitance values for,
336-338
voltage amplification of, 338-348
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Resistance-capacitance-coupled amplifier,
wide-band, 670
Resistance-capacitance filter circuits, 95—
96
Resistors, adjustable, 27
automatic resistance control, 28, 157-
158
bias, 216
bleeder, 518
carbon, 27, 31, 746-747
classification of, 27 -29
color code for, 746 747
decoupling, 380
equivalent cireuit of, 88
fixed, 27
load, 337
power rating of, 28-29
taper of, 30-31
tapped, 28
tolerances of, 746
uses of, 28
variable, 27
voltage-divider, 518-521
wire-wound, 27, 31
Resistor-capacitor filter cirenits, 95-96
Resonance, curves of, 79-84, 98-110
definition of, 74
frequency of, 75-76, 78
Resonant cireuits, calculation of, 75-79
classification of, 74-75
currents in, 79
effect of eapacitance in, 85-86
effect of inductance in, 85-86
cffect of @ in, 77-79
effect of resistance in, 81-83
impedance of, 76, 78
parallel, 77--79
series, 75-77
use of, 86-87
voltages of, 77
width of curve, 84-85
Resonant line, 615, 617619
Response curves, 98-99, 106-110, 246 -
247, 269, 301
Resting frequency, 582
Rheostat, definition of, 29
uses of, 30
Ribbon microphone, 554-555
Ripple, allowable, 508
ealeulation of, 507, 511-513
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Ripple, per cent of, 507 508, 511-513
Ripple faetor, 507

Ripple frequeney, 507

Ripple voltage, 507, 510-517
Rochelle salt erystal, 471

S

Saturation eurrent, 161
Saturation curve, 159
Saw-tooth generator, 700 702
Serateh filter, 565
Screen, fluorescent, 698
Sereen dissipation, 410-411
Screen grid, 177-180
Seeond detector, 658
Seeondary cmission, 180
Sclectivity, of receivers, 245,
630
of tuned amplifiers, 106-110, 301-304,
654
Selector switch, 257
Selenium rectifier, 493, 505-506
Self bias, 217
Self inductance, 32-34
Sensitivity, of detectors, 202-203
of microphones, 543-541
power, 411-412
of receivers, 245, 630
Series a-¢ circuits, 70-72
Series d-¢ cireuits, 63- 68
Series-fed oscillator, 457
Series inductors, 39
Series resonant circuit, 75 77
curves of, 79-81
Set analyzers, 690-692
Shielding, in amplifiers, 314 315
of coils, 47, 314-315
Short waves, bands of, 253-254
characteristies of, 253
frequency ranges of, 252-253
Shot effect, 631
Shunt, ammeter, 681
Shunt feed (see Parallel feed)
Side bands, in amplitude modulation,
579-581
in frequency modulation, 583
Signal generator, audio-frequeney, 692-
693
radio-frequency 693-695

268-270,
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Signal-to-noise ratio, 631
Signal tracing, 678679
Signal wave, 577
Silieon detector, 143
Simple coupling, 96-97
Simple d-¢ eireuits, 63
Sine wave, 68
Sines, table of, 754-755
Single dial control, 270-272
Single-ended tube, 189
Single-wire feed, 623
Skin effect, 47
Skip distance, 625
Sky wave, 624-625
attenuation of, 624
path of, 624-625
refraction of, 621
skip zone of, 625
Slope of resonance curves, 83-8+
effect of coupling on, 98-110
cffeet of Q on, 83-84
cffeet of resistance on, 80-83
Smoothing choke, 514
Socket, connections, 191-193, 761-763
Solenoid, inductance of, 34
Sound, audible eharacteristies of, 320-322
effect of frequency climination on, 322—
323
frequeney range of, 12-13, 320-324
intensity of, required, 323-324
measurements of, 327-332
on wire, 565-566
units of, 324
Sound wave, 10-13, 320-324
Space charge, 159-161, 491
Spacing of wires, 619-620
Spectrum, 16
Speeeh amplifier, characteristics of, 320-
324, 586
Speed of radio waves, 13
Split-stator variable capacitor, 59-60, 271
Spurious responses, 654-058
Square-law deteetor, 223
Stability, of amplifiers, 371
of oseillators, 461, 469470
of receivers, 630-631
of transinitters, 585
Standing waves, 609, 615-617
Static characteristics of vacuum tubes,
163-171
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Stray capacitance, 345
Submultiples and multiples, table of,
727-730
Sumimary of equations, 733-742
Superheterodyne receiver, alignment of,
665-668
amplitude-modulated, 612-659
antenna for, 643-644
block diagram of, 636-637
conversion efficiency in, 646
converter of, 644-652
double detection in, 6-13
first detector of, 645
frequency-modulated, 668-674
image frequency of, 653
image ratio, 653
intermediate frequencies in, 653-654
intermediate-frequency amplifier of,
300-312, 636, 652-658, 665-666
local oscillator of, 645
mixer in, 645
preselection in, 644
principle of, 642- 643
second detector of, 658
spurious response in, 654-658
typical eireuit of, 655, 658-659
Superregenerative detector, 231-233
Suppression filter, band, 93-95
Suppressor grid, 182-184
Sweep cireuit, 700-702
Swinging choke, 517
Switching, band, 256-261
Symbols, drawing, 711-720
letter, 721-726
mathematical, 723
vacunm-tube, 188, 725-726
Synchronous vibrator, 529-530

T

T-type filters, 90
Table, of abbreviations, 721-726
of bare copper wire, 713-744
of color code, for a-f transformer leads,
751
for capacitors, 748-749
for i-f transformer leads, 751
for loudspeaker leads, 750
for power supply transformer leads,
751
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Table, of conversion factors, 727-730
of cosines, 754-755
of dielectric constant, 745
of dielectric strength, 745
of drawing symbols, 711-720
of formulas commonly used in radio
and electronies, 733-742
of frequency and wavelength, 758-759
of Greek alphabet, 722-723
of LC product, 758-759
of letter symbols, 721-726
of logarithins, 756-757
of mathematical symbols, 723
of multiples and submultiples, 727-730
of sines, 754-755
of vacuum-tube letter symbols, 725-
726
Tank circuit, amplitude stability of, 462
analysis of, 463—164
efficiency of, 163
energy stored in, 465-467
wave shape of, 462-463
Taper, of resistors, 30-31
Tapped resistors, 28
Temperature coefficient, of crystals, 472—
473
Testers, tube, 705-707
Testing radio receivers, purpose of, 677
resistance-measurement method of, 677
signal-tracing method of, 677-679
voltage- and current-measurement
method of, 677
Tetrodes, 177-182
action of screen grid in, 177-180
amplificaticn factor of, 181
characteristic curves of, 180-181
plate resistance of, 181
transconductance of, 181
Thermal agitation, 631
Thermionic emission, 152- 153
Thickness coefficient, 473-474
Thoriated filament, 152
Three-circuit timer, 229
‘Throat microphone, 313
Tight coupling, 98-99
Time constant, 110-119
for capacitance and resistance, 114-117
for inductance and resistance, 110-114
universal curves of, 117-118
Time-delay cireuits, 110-120
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Tone control, 642
Tourmaline erystals, 471
Tracking, 271-272, (62-663
TRF reeeiver, 637-612
alignment of, 663 665
block diagram of, 633-636
Transeonductance, of heam power tubes,
186
of pentodes, 184
of tetrodes, 181
of triodes, 170-172, 177
Transfer characteristic curves, 167, 170
Transformer, audio-frequeney, 45-4G,
360-364
color code for, 751
coupling by, 99-110
impedance ratio of, 437
intermediate-frequency, 16, 301-304,
751
microphone, 549 550
output, 436438
power supply, 144§,
push-pull, 138
radio-frequency, -16
turns ratio of, 44-45
variablc-coupling (-f), 301 304
voltage ratio of, 44—15
Transformer-coupled amplifier,
frequency, 355360
characteristics of, 356
connceetions of, 355-356
equivalent eireuit of, 299, 357-358
feedback, 313--513
negative feedback with, 376-377
radio-frequeney, 298 313
transformer for, 360-364
voltage amplification of, 299, 305, 356—
360
Transformer rectifier circuits, 493-506
Transformerless power supply units, 524-
528
advantages of, 521-526
characteristies of, 527 -528
rectifier tubes for, 526-527
Transmission lines, coaxial, $22-623
electrieal length of, 614
feeding an antenna with, 617
impedance of, 617-619, 621
length of, 620
long, 614-615

187-490, 751

audio-
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Transmission lines, nonresonant. 621
resonant, 615, 617-G19
short, 614-615
single-wire, 623
spacing of wires of, 619-620
standing waves on, 615-617
transposition bloeks for, 620
twisted-pair, 621-622
two-conducetor, 619-621
types of, 619
wavelength along, 615-617
Transmitter, amplitude-modulated, 583-
597
bloek diagram of, 585-587
buffer amplifier of, 585
dynamic instability of, 585
grid modulation in, 589-5%0
high-level modulation in, 589
interstage coupling in, 592-504
low-level modulation in, 589
operations of, 17-22, 585-587
plate modulation in, 590-592
r-f power amplifier of, 587-589
frequency-modulated, 597-604
Armstrong system for, 597-598, 603
604
balanced modulator of, 600-602
block diagram of, 587, 602-604
Croshy system for, 597-600, 602-603
reactance-tube modulator in, 508-600
Transmitting antenna, 604-614
Transposition blocks, 620
Tri-tet oseillator, 480
Trigonometry, 752-753
Trinmer capacitor, 264-268, 664-667
Triode amplifiers, 287-289
Triodes, 161-177
action of control grid in, 161-163
amplifieation factor of, 167-168, 172
characteristic eurves of, 163 167
plate resistance of, 168-169, 172
transconductunce of, 170-172, 177
voltage amplification per stage, 172-
175
Tripler, voltage, 502
Tubes, acorn, 190-191
ballast, 28
base connections, 191-193, 761-763
beam power, 186-188, 423 -424
cathodr-ray, G95-609
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Tubes, characteristics of, chart of, 760-773
code numbering of, 161 194
cold-eathode, 531
converter, 6148-651
development of, 4-6
diode, 158-161
dynamic characteristics of, 165, 394—

399
electron-ray, 659-662
filament-type, 152 153
gas-filled, 531-533
interelectrode capacitance of, 178 180
loktal base, 189
microphonics in, 631
multielectrode, 188
multipurpose, 188-189
numbering systems, 193 -194
octal base, 101-192
pentode, 182-186
(See also Pentodes)
pin numbering of, 191-193
plate resistance of, 168--169, 172, 181,
184, 186
rectifier, 400-492, 526-527
regulator, 531-533
remote cutoff, 184186
single-ended, 189
static characteristics of, 163 171
symbols of, 188, 725-726
testers of, 705-707
tetrode, 177-182
(See also Tetrodes)
iriode, 161-177
(See also Triodes)
variable-mu, 184--186
voltage drop of, 490-492
voltage regulator, 5331-533
Tuned circuit, 79-83
Tuned-grid tuned-plate oscillator, 460-
462
Tuned-radio-frequency amplifiers, 291-
312
Tuned-radio-frequency
642, 663-665

Tuner, three-cirenit, 229
two-circuit, 139--141

Tuning, alignment methods, 272, 663
automatic, 272-274
bandspread, 267-268
ganged, 270-272

receivers, 637-

Tuning, multiple-stage, 268-270
variable capacitance, 138-139
variable inductance, 136-138

Tuning coil, r-f, 250-252

Tuning indicator, 659- 662

Turns ratio of trunsformer, 44-45

Twisted-pair lines, 621-622

"I'wo-circuit tuner, 139-141

Two-conductor lines, 619-621

U

Undistorted power output, 404-405
Unit, volume, 331--332
Universal time-constant eurve, 117-118

v

Vacuum tube (see Tuhes)
Vacuum-tube voltmeter; 688-690
Valve, Fleming, 4, 151
Variable capacitance tuning, 138-139
Variable capacitor, 58-60, 218-250, 271
straight-line-capacity, 218-249
straight-line-frequency, 250
straight-line wavelength, 249
Variable coupling, 39-40, 138, 301-304
Variable inductance coil, 39, 138
Variable inductance tuning, 136-138
Variable-mu tubc, 184-186
Variable resistor, 27
Variometer, 138
Vectors, 38-39, 51-52
Velocity microphone, 554-555
Vibrator, nonsynchronous, 528-529
synchronous, 529-530
Vibrator power supply units, 528-531
characteristics of, 530-531
filters, 530
operation of, 528-530
Voice coil, 556
Voltage, alternating, 68
amplification of, 172-175, 287-291,
30+ 312, 338 348, 350-353, 356-
860, 364-365
amplification constant of (see Amplifi-
cation factor)
grid vs. plate current, 166-171
induced, 32-36
" peak inverse, 492
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Voltage, plate, vs. plate current, 166-169  Wave, interrupted continuous, 224-225

of resenant cireuits, 77 polarized, 611
ripple, 507, 510-517 propagation of, 623-627
Voltage amplifiers, 278-279, 291-315, radio, 13-17
332-382 (See also Radio waves)
Voltage divider, 518-521 reflected, 615
Voltage doubler, 498-502 short, 252-254
Voltage fced for antennas, 617 sine, 68
Voltage multiplier, 498-503 sky, 621-625
Voltage regulation, 513-511, 523-52f, sound, 10-13, 320-324
531-533 standing, 609, 615 617
Voltage regulator tube, 531-533 types of, 577
Voltage tripler, 502 Wave band, 247-248, 253-254
Voltmeter, alternating-current, 631 Wave forms, 131
direct-current, 680-681 Wavelength, ealeulation of, 1317
electronie, 686-688 defimition of, 14
multiplier for, 682-683 speetrum of, 16

output weter, (_385 "?(SG along transmission lines, 615-617
vacuum-tube, (.’88' 690 Width of band pass, 108-110, 301 304
Volume control, 638 -
antomatic. 233-238 Width of frequency band, 84-85
s Winding, coil, 40-43

Volume unit, 331-332
oume unit, Wire recorder, 565—566

W Wire table, 743-744
Wire-wound resistors, 27, 31
Wave, amplitude-modulated, 577-581 Working voltage, of capacitors, 61
carrier, 576
frequency-modulated, 581-583 Z

ground, 623-624
incident, 615 Zero reference level, 331-332



