






























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































TEST EQUIP"JIENT 709 

HOAG, J. B., Basic Radio, D. Van Xostrand Company, Jnr., Xrw York. 
RIDER, J. F., Perpetual Troubleshooters' Jlanual, .John F. Rider Publisher, Inc., :l\ew 

York. 
SA~lS, H. \\' ., Radio Hnyineer's Scn·ice, II. \Y. Sams & Co., Inc., Irulianapolis, In,I. 
81,uRzBERG, .\L, and Osnrn1rnr,n, \Y,, Electrical Essrntials of Hadio, .\IcCruw-Ilill 

Book Company, Inc., Xew York. 
Technical, Descriptive, and Instructional Data; distributed by manufacturers of 

radio and electronic test equipment. 
Technical Service Data; distributed by manufacturers of radio receivers. 
The Radio Amatwr's Handbook, The American Radio Relay League, Inc., \Yest Hart­

ford, Conn. 

QUESTIONS 

1. (a) State two reasons for testing radio and electronic equipment. (b) );'ame 
three systems of testing radio and electronic equipment. 

2. (a) Describe the point-to-point resistance measurement system of testing. 
(b) What are the advantages and disadvantages of this system? 

3. ·(a) Describe the voltage and current measurement system of testing. (b) 
What are the advantages and disadvantages oi this system? 

4. (a) Describe the signal-tracing system of testing. (b) What arc the advantages 
and disadvantages of this system? 

5. (a) What is meant by a combination meter? (b) What arc four other names 
for a combination meter? (c) "That are the advantages of combination meters? 

6. (a) "1iat is an ammeter? (b) "1rnt is a milliammetcr? (c) How is an 
ammeter connected in a circuit? (d) Ho"· should an ammeter be protected when 
readings are not being taken? 

7. (a) ,,nat is a Yoltmctcr? (b) Ho,1· is a Yoltmeter connected in a circuit? 
(c) How should a voltmeter be protected when readings are not being taken? 

8. (a) How is the sensitivity of a yolt.meter usually expressed? (b) "liat 
sensitivity is considered desirable for a voltmeter used in testing electronic circuits? 

9. (a) Kame a few applications of thermal-type instruments. (b) Xame a few 
applications of rectifier-type instruments, 

10. (a) What is the purpose of a shunt? (b) Wnat is the difference between an 
internal and external shunt? 

11. (a) \Yhat is the purpose of a multiplier? (b) Can multipliers be used mth 
alternating current and direct current instruments? 

12. (a) vVhat is an ohmmeter? (b) Explain its basic principle of operation. 
13. (a) How does a decrease in battery voltage affect the reading of an ohmmeter? 

(b) ""'bat provision ma}T be made to compensate for decreases in the battery voltage? 
14. (a) Describe the basic construction of a combination meter <lcsigncd to measure 

a-c and d-c voltages, d-c currents, and resistance. (b) \\'hat precautions are necessary 
in using combination meters? 

15. (a) \\llat is an output meter? (b) Describe the basic construction of an output 
meter. 

16. (a) How is the output meter connected to a radio receiver? (b) \\"hat is the 
purpose of using a capacitor with an output meter? 

17. (a) \\nat arc some applications of the electronic d-c voltmeter? (b) "nat are 
the a-cl.vantages of the electronic d-c voltmeter? 

18. Describe the principle of operation of a vacuum-tube voltmeter using plate 
rectification. 
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19. (a) What arc son1<' appli<'ations of the vac·1111m-t11he voltmet<>r? (b) What arc 
the advnntagl's of the vtvm? (c) \\1,at precautions arc 11(\ccssary i11 using a v:inmm­
tuhe voltnwter? 

20. Dcsrribc the construl'tion an<l principle of operation of :~ socket-selc-ctor unit. 
21. (a) What is a set analyzer? (b) \\'hat arc its advantages? 
22. (a) \\'hat is an audio oscillator? (b) Name l\rn types of circuits used in eom­

merP-ial audio oseillators. (c) What arc the advantages of the rcsistancc-capacita1H'e 
type of audio os('illator? 

23. Describe seven uses of the audio oscillator. 
24. (a) What is an r-f test oscillator? (b) \Yhat am the r!'quir!'ments of a good 

r-f test oscillator? 
26. (a) "11at is a signal generator? (b) \\11at arc two other names for a signal 

gcne.rator? 
26. Describe some appli<·ations of the signal generator. 
27. \\')mt procedure is suggested for aligning a rndio receiver? 
28. Deseribe the two characteristics of an eleclron beam that enables the beam 

to be deflectrd or focused by use of elcetric or magnetic fields. 
29. Describe the gcnernl construction of a l'alho<le-ray tube. 
30. Explain the operation of an electron gun. 
31. (a) Explain the electrostatic. firld method of focusing the electron beam. 

(b) What is an intensifier? 
32. (a) What materials arc used in making a fluorescent screen? (b) \Yliat Sf'\'en 

colors arc use<l for the fluorescence of the screen? (c) \\11ich color of fluoresecnce is 
generally used? 

33. Explain the operation of the <"lcctrostatic deflection of an electron beam. 
34. Explain the operation of the elcctromugnPtie dP{\ection of an e\p('tron \)('am. 
36. Describe the JL\fA numbering system tts<'d for cathode-my tubes. 
36. (a) What is an oscilloscope? (b) What is the basic principle of the osc·illo­

scope? (c) Describe the operation of an oscilloscope. 
37. Define: (a) sweep, (b) sweep frequency, (c) sweep time, (d) flyback time. 
38. (a) What is a sweep oscillator? (b) \\'hat is the advantage of a saw-tooth 

wave? 
39. Describe the operation of a simple sweep generator circuit that. is cap:ihle of 

producing a saw-tooth wave. 
40. (a) \\'hat is the disadvantage in using a gas tube in sweep generator circuits? 

(b) What is meant by a trigger circuit? (c) \\11at is the advantage of trigger eircuits'? 
41. How is a stationary pattern obtained on the fluorcHceut 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 commercial tube tPster. (b) What i~ 

the advantage of a dynamic mutual condnctancc test? 
46. Describe several applications of the L-C Checker. 
46. (a) \vnat is a Chanalyst? (b) \\'hat are the uses of a Cbanalyst? (c) Describe 

tbe general testing procedure when using a Chanalyst. 



APPE~DIX I 

DRAWING SYMBOLS USED IN ELECTRONICS 

Antenna. 

Coil or loop antenna. 

Doublet antenna. 

Oround wire .. 
(/6or/8811S 
gagt:wire) 

Ground 
® ··clcrmp 

~ -~--::.a~--

··Neare.sf wafer pipe 
orground 

Ground. 

Counterpoise. 
(llody of car forms a counterpoise.) 

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

Battery 

0 
Ammeter. 

711 
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---0 

Binding post. 

Milliammeter. 

Line plug. 

® 
Voltmeter. J?use. 

Key. 

B 
Frequency meter or wave meter. n 

Closed circuit jack. 

+ ~• -v------°-o 

Open circuit jack. 

Conductors not joined. 

r ===, ~oJOOus' • nu• 

++ 
Couductors joined. Multiple circuit jack. 



DRAWING SYMBOLS USED IN ELECTRONICS 

Multiple-deck circuit-selector ~witch. 
Bingle-pole single-throw switch. 

Fixed resistor. 
0-

Single-pole double-throw switch. 

Adjustable resistor. 

~oubl~~• filo,l~thmw,wi<eh rTiil /' 
~ ~~ /'4 Towed ~,,m,. 

Double-pole double-throw switch. 

0 

0 

Double-pole double-throw 
reversiug switch. 

Single-deck circuit-selector switch. 

Rheostat. 

Potentiometer. 

713 
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Ballast resistor. 

Thermo element. 

Variable inductor. 
(Variometer.) 

][; 
Transfornierl air-core. 

Flrtt~ 
Ind"""'• ofr-oo~. ]t 

• 

Transformer mth variable coupling. 
~ (Variocouplcr with the moving coil 

1 1 
indicated.) 

Inductor, iron-core. 

m 
Adjustable inductor. 

·Three-circuit tuner. 

][ 
Tapped inductor. Transformer, iron-core. 



DHAWING SYMBOI,S USED IN RUWTRONICS 

Push-pull transformer. 

---- ' . . 
I -- • 

-
Power transformer. 

Variable-core transformer. 

Relay; circuit A open when deencrgized. 

Relay; circuits B, and B2 closed when 
decnergized. 

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

Electrolytic capacitor. 

Variable capacitor. 

*R
·. 

--
_:___. ~-

Adjustable capacitor. 
(Trimmer.) 

Adjustable capacitor. 
(Paddcr.) 

Split-stator nu-iablc capacitor. 

71S 
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ttrt L ___ _j ___ _j 

Ganged variahle ca .· 
:\fochanic· I 1· lpac1tors, ,a 111 ntgc. 

0 ii3 -- ··c=:,--. 

Coaxial cable. 

ft~==-:_ __ ~ 
Shielded cable. 

r--~-: g·DDL 
I F 
I ~ 

L _J ., l .. . ) . 
- -- ~~~ 

Shielded coil. 

r--7 

~ 
I I L __ _J 

Shiel<INI ca . • pac1tor. 

-Oern 
Earphones. 

§JJJtj 
Pcrmanent-mag111•t ! -.._. . ! yn:umc speaker. 

Dynami c speaker. 

:\1agneti c ph onograph-pickup. 



DRAWING SYilIBOLS USED IN EI,BC'l'IWNICS 

Single-button carbon microphone. 

Double-button carbon microphone. 

Crystal microphone. 

Velocity microphone. 
(Ribbon.) 

Dynamic microphone. 
(:\foving coil.) 

Crystal detector. 

Crystal. 

.,I 
Contact rectifier, half-wave. 

a-c 

• 
a-c 

Contact rectifier, full-wave. 

0 

Vibrator, nonsyncbronous. 

717 
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\"'"ibrator, synehronous. 

DC motor or generator. 

AC motor or generator. 
(Single phase.) 

A-C voltage source. 

Link coupling. 

Pilot lamp. 

Neon lamp. 

Photo tube. 

Cold cathode triode. 
(Gaseous.) 

Voltage regulator, cold cathode. 
(Gaseous.) 



DR.-4.WING Sl'ilfJWLS USED IN ELBCTIWNICS 

Half-wave rectifier, 
directly heated cathode. 

Full-wave rcctiner, 
directly heated cathode. 

Half-wavo rectifier, 
indirectly heated cathode. 

Full-wave rectifier, 
indirectly heated cathode. 

Triode, directly heated cathode. 

Triode, indirectly heated cathode. 

~ -w 
Tetrode, directly heated cathode. 

Tetrode, indirectly heated cathode. 

Pentode, indirectly heated cathode. 

Duplex-diode triode. 

Beam-pov,er amplifier. 

719 
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J1i 
~die•to, t•bo. Electron-ray 

w 
~ 

d r•,y tube, 
Cuth~ o-cflcction type. electrostatic-d ~ .. ~ Cathode-ray 



APPEKDIX II 

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 current flow) .................... . I a or amp 

:Milliampere ................................. . ma 
1Iicroampere ................................ . µa 

Ampere-turn ................................... . NI A-T 
American Wire Gauge .......................... . AWG 
Antenna ...................................... . ant 
Apparent power (see also Volt-amperes) ........... . VA A-P 
Area ............................... ••••••······ A 

Circular mils ................................ . cm or cir mils 
Square centimeters ........................... . sq cm 
Square inches ................................ . sq in 

Automatic frequency control. .................... . afc 
Automatic volume control. ...................... . ave 
Capacitance ................................... . C 
Capacitor ..................................... . C 
Cathode ray ................................... . c-r 

Cathode-ray tube ............................. . crt 
Cathode-ray oscilloscope ...................... . cro 

Centimeter-gram-second ......................... . cgs 
Conductance ................................... . G 
Constant ...................................... . K 
Continuous wave ............................... . c-w 

Interrupted continuous wave .................. . icw 
Modulated continuous wave ................... . mew 

Coulomb (unit of charge) ........................ . q 
Coupling, coefficient of .......................... . K 
Current ....................................... . I 

Alternating .................................. . a-c 
Average value ............................... . lave 

Direct ...................................... , d-c 
Effective value (also rms value) ................ . I 
Instantaneous value .......................... . io 
:Vlaximum value .............................. . l1na.x 

Signal. ...................................... . i 
Cycles ........................................ . C 
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Term 

Per second (see also Frnquency) ................ . 
Kilocycles. . . . . . . . . . . . . . . . . . ............... . 
l\fogacycles .................................. . 

Decibel. ................. •••••·· · · · · · · · · 
Density, flux ................................... . 
Diameter ...................... . 
Direct current .................. . 
Distance ...................... • 
Efficiency ......................... . 
Electromotive force. . . . . . . . . . . . . . . . . . . . . . . . . . .. ! 

Counter elcrtromotivP for<'e .............. . 
Energy .................. ••·•··················· 
Equivalent .................................... . 
Farad (unit of cnpacitan<·e) ...................... . 

).Hcrofara<l ................................. . 
Micromicrofarnd ............................. . 

Flux, magnetic ................... . 
Density .................... ••• ... •••••••••··· 

.Force .......................................... . 
Frequency ................. ••••··••···•········· 

Audio ....................................... . 
Intermediate ............ , ........ . 
).fodulation .................................. . 
Radio ....................................... . 
Resonance ................................... . 
Supcrhigh ................................... . 
Ultrahigh ................................... . 
Very high ................................... . 

Gansscs (magnetic iml•,.·tion) ................... . 
Gilbert (unit of magnctomotive force) ............. . 

Greek alphabet 
Alpha ................................ . 
Beta ................................... . 
Gamma ............................... . 
Delta ..................... ••··• 
Epsilon .................................... . 
Zeta ................................... . 
Eta ........................................ . 
Theta ................... •••••····•··········· 
Iota ........................................ . 
Kappa ...................................... . 
Lambda ..................................... . 
:vfu ....................................... . 
Xu ......................................... . 
Xi .......................................... . 
Omicron .................................... . 

Symbol 

B 
d 

d 

w 

q, 
B 
p 

f 

f, 

B 
F 

Capi- Lower 
ta! case 
A fY 

B fl 
r 'Y 
C1 Ii 
E 
z t 
H rJ 

H 0 

l 
K ' 
A )-.. 

.\1 µ 

:x V 

2 ~ 
0 D 

Abbreviation 

cps or c/scc 
kc 
me 
db 

cl or di11m 
d-c 

eff 
emf 
cemf 

en 
cq 
f 
µf 

µµf 

a-f 
i-f 

f-m 
r-f 

shf 
uhf 
vhf 
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Tenn 

Pi .......................................... . 
Rho ........................................ . 
Sigma ....................................... . 
Tau ...................... •••••••••·········· 
Upsilon ..................................... . 
Phi ......................................... . 
Chi. ........................................ . 
Psi. ........................................ . 
Omega ...................................... . 

Ground ....................................... . 
Henry (unit of inductance) ...................... . 

:.\1illihenry ............................. . 
l\licrohenry .................................. . 

Impedance .................................... . 
Inch ...•....................................... 
Inductance, self- ................................ . 

:.\fotual. .................................... . 
Institute of Radio Engineers ..................... . 
Intensity, magnetic field ........................ . 
.Joule ......................................... . 
Kilo .......................................... . 
Length ........................................ . 
Loudspeaker ................................... . 
Magnetomotive force ........................... . 
Master oscillator power amplifier ................. . 
l\lathematical symbols 

Equals ...................................... . 
Is approximately equal to ..................... . 
Does not equal ............................... . 
Is greater than ............................... . 
Is much greater than ......................... . 
Is less than .................................. . 
Is much less than ....................... . 
Therefore .................................. . 
Multiplied by ................................ . 
Divided by .................................. . 
Positive, or plus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Kegativc, or mim:s ........................... . 
Plus or minus ................................ . 
Angle ....................................... . 
Sine ........................................ . 
Cosine ...................................... . 
Tangent ..................................... . 
Common logarithm ........................... . 
Antilogarithm ................................ . 
Cologarithm ................................. . 

Maximum ..................................... . 

Symbol 

11 
p 

~ 

T 
T 

<1> 

X 
'¥ 

n 

L 

z 

L 
M 

H 
j 

LS 

,,,: 

> 
» 
< 
« 

7r 

p 

<I 

r 

V 

'P 

X 

if; 
w 

x or· 
+or: 

+ 
± 
L 

723 

Abl.Jreviation 

gnd 
h 

mh 
,uh 

Ill. 

IRE 

J 
k 

mmf 
mopa or 1IOPA 

sin 
cos 
tan 
log 

antilog 
colog 
max 
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Term 

Maxwell ...................................... . 
:\Jeter (measure of length) ....................... . 

Centimeter .................................. . 
:Vlillimeter ................................... . 

Minimum ..................................... . 
Modulation, amplitude .......................... . 

Factor ................................... . 
Frequency ...................... . 
Per cent of ................................. . 
Phase ...................................... . 

Oersted (unit of magrn,uc mtensity) ............. . 
Ohm (unit of resistance) ...................... . 

Megohm .................................. . 
Permanent magnet (loudspeaker) ............. . 
Permeability ................................. . 
Permeance .................................. . 
Pi .......................................... . 
Phase angle ................................... . 
Pole, north seeking ............................. . 

South seeking ................................ . 
Power ........................................ . 
Power, output ................................. . 
Power, output maximum .... '. .......... , .. , ..... . 
Power, output maximum undistorted .... , , ....... . 
Power amplification ............................ . 
Power factor ................................... . 
Primary ......................... •••••••••••··•• 
Q-Factor (also Ratio of XL to R) ..... ............ . 
Reactance ..................... , ............... . 

Inductive ............................ . 
Capacitive ................................... . 

Radio :'lfanufacturers Association ................. . 
Reluctance .................................... . 
Resistance ..................................... . 
Hoot mean square ............................. . 
Secondary .............................. . 
Switch ........................................ . 

Single pole, single throw ....................... . 
Single pole, double throw ...................... . 
Double pole, single throw ..................... . 
Double pole, double throw ..................... . 
Three deck, four circuit, eight positions ......... . 

Temperature, coefficient ......................... . 
Degrees centigrade .................. , ........ . 
Degrees Fahrenheit ............ , ...... , ....... . 

Thickness ................................... . 
Time ......................................... . 

SymLol 

in 

Jf 

H 
!2 or w 

l\li! 
PM 

µ. 

Cl' 
,r(3.141G) 

(J 

N 
s 

p 
Q 
X 
X1. 
Xe 

m 
Horr 

s 
s 

T. 
oc 
OF 
t 

tor T 

Abbreviation 

Ill 

cm 
mm 
min 
<I-Ill 

f-m 

p-m 

meg 
pm 

PA 
p-f 

p or pri 

R:'lfA 

res1s 
nns 
sec 
SW 

spst 
spdt 
dpst 
dpdt 

3d-4c-8p 
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Term 

Seconds ..................................... . 
Microseconds ................................ . 
Minutes .............................. . 
Hour .............................. , ........ . 

Time constant ................................. . 
Transformer ................................... . 
Tuned radio frequency ................. , .. . 
Turns, number of ..................... , , ....... . 
Vacuum tube ......................... , , ...... , . 
Vacuum-tube symbols 

Cathode ........................ , ........... ,. 
Heater ...................................... . 
Plate (or anode} .............................. . 
Control grid in a triode ....................... . 
Contt•l grid in a multigrid tube ....... , .. , ..... . 
Screen grid .................................. . 
Suppressor grid .............................. . 
Plate supply voltage .......................... . 
Control-grid supply voltage .................... . 
Screen-grid supply voltage ..................... . 
Filament or heater supply voltage ...... , ....... . 
Instantaneous total grid voltage ................ . 
Instantaneous total plate voltage ............... . 
Instantaneous total grid current ................ . 
Instantaneous total plate current ............... . 
Average or quiescent value of grid voltage ....... . 
Average or quiescent value of plate voltage ...... . 
Average or quiescent value of grid current ....... . 
Average or quiescent value of plate current ...... . 
Instantaneous value of the varying component of 

the grid voltage ........................... . 
Instantaneous value of the varying component of 

the plate voltage ........................... . 
Instantaneous value of the varying component of 

the grid current ............................ . 
Instantaneous value of the varying component of 

the plate current ........................... . 
Effective or maximum value of the varying com-

ponent of the grid voltage ................... . 
Effective or maximum value of the varying com-

ponent of the pbte voltage .................. . 
Effective or maximum value of the varying com-

ponent of the grid current ................... . 
Effective or maximum value of the varying com-

ponent of the plate current .................. . 
Filament or heater terminal voltage ............ . 
Filament or heater current .................... . 

Symbol 

1' 

N 
VT 

e. 

725 

Abbreviation 

sec 
µsec 
min 
hr 

trf 
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Tenn 

Plate resistance .............................. . 
Grid-plate transconcluf't:mc·e (mutual comlnctanc<·) 
Amplification factor .......................... . 
Grid-plate capacitance ........................ . 
Grid-cathode capacitance ...................... . 
Plate-cathode capacitance .............. . 
Grid-heater capacitance .......... . 
Plate-heater capacitance .............. . 
Power output ................................ . 
Power input ................................. . 
Plate dissipation ............................. . 

Vacuum-tube voltrnct<'r ......................... . 
Volt (unit of electrical pn·ssurc) .................. . 

Kilovolt ..................................... . 
Millivolt .................................... . 
Microvolt ................................... . 

Voltage ...................................... . 
Average value ............................... . 
Effective value (also nns value) ................ . 
Instantaneous value .......................... . 
Maximum value .............................. . 
Signal .................. , .................... . 

Volt-amperes. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Kilovolt-amperes ............................. . 

Voltage amplification ........................... . 
Voltage amplification at medium values of anclio 

frequencies ................................ . 
Voltage amplification at low vnlues of aurlio fre-

quencies ................................... . 
Voltage amplification at high values of audio frc-

quencies ................... , ..... , , ........ . 
Voltage regulation .............................. . 
Volume unit ................................... . 
Watt (unit of electrical power) ................... . 

Kilowatt .................................... . 
Kilowatt-hour ............................... . 
Milliwatt .................................... . 
Microwatt ................................... . 

Wavelength ................................... . 
Wire, single cotton ('ovcre<l ...................... . 

Doublc cotton cov<•n•cl ........................ . 
Single silk 1·0,·ered ............................ . 
Double silk covered ........................... . 
Enanwl single cotton covcrcd .. , . . . . .......... . 
Enamel double silk covered .................... . 

Symbol 

l'p 

Y·,n 

B 

e 
I' ,I 

KVA 

Jr orP 

Ahbrcviation 

vtvm 
V 

b: 
mv 
µ.V 

v-a 
kva 
VA 

VAM 

VAr, 

VAu 
VR 
v-u 
w 

kw 
kwhr 
my,,• 

µ.W 

sec 
dee 
SSC 

dsc 
esrc 
cdsc 



APPE:KDIX III 

CONVERSION FACTORS 

Given __ '_r_o_o_b_t_a_i1_1 ___ 
1
_:-._1ultiply by _I __ D_i v_i_<l_c_i_,Y __ 

Amperes 
Amperes 
Ampere turns 
Bars 
Centimeters 
Centime,ters 
Centimeters 
Centimeters 
Centimeters 

}Iillia m peres 
}licroamperes 
Gilberts 
Dynes per sq cm 
Feet 
Inches 
l\Ieters 
Millimeters 
Mils 

Circular mils Square centimeters 
Circular mils Square inches 
Circular mils Square mils 
Cycles per second Kilocycles per second 
Cycles per second :\-Jcgacycles per second 
Degrees (angle) Minutes 
Degrees (angle) Seconds 
Degrees (angle) Radians 
Dynes Grams 
Dynes Kilograms 
Dynes Ounces 
Dynes Pounds 
Dynes per square centi- Bars 

meter 
Farads Microfarads 
Farads 
Feet 
Feet 
Feet 
Feet 

l\licromicrofarads 
Centimeters 

Foot-pounds per minute 
Foot-pounds per second 
Frequency in kilocycles 
Gausses 

Gausses 
Gilberts 
Grams 
Grams 

Inches 
J\feters 
Miles 
Horsepower 
Horsepower 
Wavelength in meters 
Lines per square centi-

meter 
Lines per square inch 
Ampere-turns 
Dynes 
Kilograms 

727 

1000 1· 

1,000,000 
1.257, 
1 

10 
303.7 

30.48 
2.54 

100 

. . . . . . . . . . . . . 1!)7, 300 

............. 1,273,000 

. . . . . . . . . . . . . 1.273 

. . . . . . . . . . . . . 1000 

............. 1,000,000 
60 

3600 

1,000,000 
10" 
30 .48 
12 

57.3 
980.7 

980,665 
27,800 

444,823 

3.281 
5280 

33,000 
550 

(See Appendix XIV) 
1 

6.452 

980.7 
1.257 

1000 
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Given 

Grams 
Grnms 
Hcnrics 
Hcnries 
Horsepower 
Horsepower 
Horsepower 
Horsepower 
Inches 
Inches 
Inches 
Inches 
Joules 
Joules 
Joules 
Kilo-units 
Kilocycles per second 
Kilocycles per second 
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 sqmire inch 
Lines per square inch 

l\fegacycles per second 
IIIegacycles per second 
Mega-units 
IIIegohms 
Meters 
Meters 
Meters 
Meters 
Mhos 
l\Iicroam peres 
Microamperes 
I\Hcrofarads 
Microfarads 

ESSENTl ALS OF RADIO 

To obtain 

Oum·<•s 
Pound~ 
'.\Iillil11•nriPs 
'.\Iicrolwnrics 
Foot-pouncls per minute 
Foot-pounds per second 
Kilowatts 
Watts 
Centi rn ctcrs 
Feet 
:\lct('rS 
'.\lil8 
Kilowatt-hours 
Watt-hours 
\Ya tt-secon ds 
l-nits 
Cycles per second 
'.\legacyclcs per second 
Wavelength in meters 
Dynes 
Grams 
Pounds 
'.\letcrs 
'.\tiles 
Volts 
Volt-amperes 
Horsepower 
Watts 
Joules 
Gausses 
Lines per square inch 
Gausses 
Lines per square centi-
meter 

Cycles per second 
Kilocycles per second 
Units 
Ohms 
Centimeters 
Feet 
Inches 
Millimeters 
Micromhos 
Amperes 
:\lilliampcres 
Farads 
Micromicrofarads 

i\Iultiply by 

1000 
1,000,000 

33,000 
550 

746 
2.54 

1000 

J>ivide by 

28.35 
453.G 

1.341 

12 
3!l.37 

............. 3,600,000 

. .. .. ..... .. . 3600 
1 

1000 
1000 

1000 
(See Appendix XIV) 

980,665 I 
1000 

2.205 
1000 

1000 
1000 

1.341 
1000 -

3,600,000 
1 
6.452 

1,000,000 
1000 

1,000,000 
1,000,000 

100 
3.281 

39.37 
1000 

1,000,000 

1.609 

6.452 
6.452 

............. 1,000,000 

. . . . . . . . . . . . . 1000 

............. I ,000,000 
1,000,000 
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Given To obtain Multiply by Divide by 

l\licrohenries Henries . . . . . . . . . . . . . 1,000,000 
Microhenries Millihenries ............. 1000 
:\IicromhoB Mhos ............. 1,000,000 
;\ficromicrof arads Farads ............. 1012 
ivlicromicrofarads Micro farads ............. 1,000,000 
Micromicro-units Units .......... --- 10'' 
Microseconds Seconds . . . . . . . . . . . . . 1,000,000 
lVIicro-units Units ............. 1,000,000 
Microvolts Volts . . . . . . . . . . . . . 1,000,000 
Microvolts :\fillivolts - ............ 1000 
Microwatts Watts ............ - 1,000,000 
1\-iicrowatts :\ 1.illi watts ............. 1000 
l\1iles Feet 5280 
Miles Kilometers 1.009 
.Milliamperes Amperes ............. 1000 
Milliarri'peres Mic roam per es 1000 
:V1illihenrics Henries ......... - ... 1000 
:\1illihenries :\iicrohenries 1000 
Millimeters Centimeters ............. 10 
Millimeters Meters ............. 1000 
Milli-units Units ............. 1000 
Millivolts Volts ............. 1000 
Millivolts Microvolts 1000 
Milliwatts Watts ........... - . 1000 
Milliwatts Microwatts 1000 
Mils Centimeters ............. 303.7 
Mils Inches ............. 1000 
Minutes Seconds 60 
Minutes Degrees ............. 60 
Ohms :\fegohms - ............ 1,000,000 
Ounces Dynes 27,800 
Ounces Grams 28.35 
Ounces I>ounds ............... 16 
Pounds Dynes 441,823 
Pounds Grams 453.6 
Pounds Kilograms ............. 2.205 
Pounds Ounces 16 
Radians Degrees 57.3 
Seconds Degrees .............. 3600 
Seconds :\ficroscconds 1,000,000 
Seconds .:Yiinutes ....... ······. 60 
Square centimeters Circular mils 197,300 
Square centimeters Square inches ............. 6.452 
Square inches Circular mils 1,273,000 
Square inches Square centimeter;i 6.'152 
Square mils Circular mils 1.273 
Units :VJ:cga-units ..... ····· ... 1,000,000 
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Given 

Units 
Units 
Units 
Units 
Volt-amperes 
Volts 
Volts 
Volts 
Wavelength (meters) 
Watt-hours 
Watt-seconds 
Watts 
Watts 
Watts 
Watts 

ESSENTIALS OF RADIO 

To obtain 

Kilo-units 
Milli-units 
Micro-units 
Micromicro-units 
Kilovolt-amperes 
Kilovolts 
Millivolts 
Microvolts 
Frequency (kc) 
Joules 
Joules 
Horsepower 
Kilowatts 
Milliwatts 
Microwatts 

Multiply by Divide by 
-- -- - ------1------. 

1000 
1,000,000 

1012 

J.000 
1,000,000 

1000 

1000 
1000 

(See Appendix XIV) 
3600 

1 

1000 
1,000,000 

746 
1000 



APPENDIX IV 

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 mathematics. 

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

___ N_u_m_b_e_r ___ l~:xponent method 

100,000,000 
10,000,000 
1,000,000 

100,000 
10,000 

1,000 
100 

10 
1 

10• 
]07 
106 

105 

10' 
10• 
]02 

101 
JOO 

Kumber 

1 
o.1 = lo 
0.01 = 1h­
o.001 = IO'oo 
0.0001 
0.00001 
0.000001 
0.0000001 
0.00000001 

Exponent method 

100 
10-1 
10-• 
10-• 
10-• 
10-s 
10-a 
10-1 

10-• 

The following examples illustrate the use of the exponent method of expressing 
common numbers. 

1. 5 ma = 0.005 amp = 5 X 10-3 amp 
2. 2S /La = 0.000025 amp = 25 X 10-• amp 
3. 3.9 me = 3,!)00,000 cycles = 3.9 X 106 cycles 
4. 8,500,000 = 8.5 X 106 

5. 0.0035 = 3.5 X 10-3 

6. 6.28 X 1018 = 6,280,000,000,000,000,000 
Note.-This is the number of <'lectrons corresponding to one ampere. 
Kumbers that have similar exponent characteristics may be added or subtracted 

as indicated by the following illustrations. 
7. (4.S X 106) + (8.25 X 106) + (0.25 X 106) = 13 X 106 

8. (8.5 X 103) - (3.5 X 103) = 5 X 10' 
\Vhen numbers arc multiplied, the exponents are added. The exponents do not 

have to be the same. 
9. 650,000 X 3,000 = (6.5 X 105) X (3 X 103) = 19.5 X 108 

10. 2,500,000 X 0.005 = (2.5 X 106) X (5 X 10-•) = 12.5 X 103 

11. 0.015 X 0.0006 = (1.5 X 10-2) X (6 X 10-•) = 9 X 10-• 
Vi'ben numbers are divided, the exponents are subtracted. The exponents do 

not have to be the same. 
12. 750,000 + 150 = (7.5 X 105) + (1.5 X 102) = 5 X 103 

731 
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13. 2,500 + 50,000 = (25 X 102) + (5 X 10') = 5 X 10-2 

14. 5,000 + 0.025 = (5 X 103) + (2.5 X 10-•) = 2 X 105 

\Vhen a number set up in its exponent form is increased by a power such as a 
square, cuhe, etc., the uumbcr is increased hy the power and the exponent factor is 
multiplied by the power as is indicated by the following illustrations. 

15. 15,0002 = (15 X 103) 2 = 225 X 106 

16. 3003 = (3 X 102) 3 = 27 X 10" 
17. 2000' = (2 X 103) 4 = 16 X 1012 

\"\'ben it is desired to obtain the root of a number, the exponent method may some­
times facilitate the work. This docs not apply to every number and root hut requires 
keen observation to detect when it may be used. The procedure is to extract the 
root of the number and divide the exponent factor by the root. This is illustrated 
by the following examples. 

18. y64 X 108 = 8 X 104 

19. v'64 X 109 = not solvable by the short method 

20. --Y64 X 109 = 4 X 103 

21. yl6 X 108 = 2 X 102 

By using combinations of the preceding procedures it is often possible to shorten 
much of the tedious work of arithmetic and to increase the speed and accuracy of 
electrical circuit calculations. The method of solution in the following illustrations 
may not be apparent immediately, but upon careful inspection it should be detected. 

22 26,000 + 14,000 + 2000 = (26 + 14 + 2)10 3 = ~2 X 103 = 
7 

X 101 
. 1400 - 800 (14 - 8)102 6 X 102 

23. 2500 X 500 X 2000 25 X 1 o• X 5 X 102 X 2 X 103 

80 X 12,500 8 X lQl X 1.25 X 104 

24 650 X 2000 X 400 = 6.5 X 102 X 2 X 103 X 4 X 102 

. 0.02 X 0.013 2 X 10-2 X 13 X 10 ·3 

250 X 107 

10 X 105 

= 25 X 102 

52 X 107 

26 X 10-s 
= 2 X 1012 
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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 

p -
Voltage = IR = I - -,JRP 

E p ✓p 
Current = R = Ji = R 
. E p E2 

Resistance = f = f 2 = p 

Series Circuit 

Parallel Circuits 

Two resistors in parallel 

E2 
Power = EI = J2R = R 

R = r, + r2 + ra · · · 
E = e1 + e2 + ea · • · 
I = i 1 = i 2 = i, · , · 

P = Pi + P2 + Pa • · · 

R =~ 
r1 + r, 

Rr, 
r, = r1 - R 

Any number of resistors in parallel 

R = 1 
.!.+.!.+..! 
r, r2 ra 

E = e1 = e, = ea 
I = i1 + iz + is · · · 
P = P1 + p, + Pa · · • 

ALTERNATING CURRENT 

(2-26), (2-27) 

(2-26), (2-27) 

(2-26), (2-27) 

(2-27) 

(2-28) 
(2-29) 
(2-30) 
(2-31) 

(2-32a) 

(2-32b) 

(2-32) 

(2-33) 
(2-34) 
(2-31) 

Maximum, Effective, and Average Values of Sine Wave Currents and Voltages 

Maximum value = -vtz effective value = 1.414 effective value 
effective value • = -----

0
_
70

-
7
-- = l.07 average value 

Eff t' , 1 _ maximum value _ maximum value 
ec n e va ue - -vtz - 1.414 

733 
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Effective value = 0.707 maximum valne = 1.11 average value 
Avera~e valne = 0.637 maximum value = 0.!J00!J effective value 

Ohm's Law 

Voltage = IZ = 1-:r--:fi' 
H p 

Cnrrent = z = E X P-F 

lmpedam·e = :l = /~ = ..../R• + (X 1, - Xc)2 

I'owc·r = J2R = E X I X P-F 
l' R 

Powrr foelor = EI = Z = cos 8 

(2-3fi), (2-36) 

(2-35), (2-36) 

(2-35), (2-37a), (2-41) 

(2-1), (2-36) 

(2-37), (2-37a), (2-37b) 

Series Circuit 

z 

Resistance· ancl inclncta11cc 

Resistance and capacitauce 

Inductance all(l capacit.:rnce 

Z = VR2 + X1, 2 

R = vz.=-::Y 1,
2 

X:1, = v'Z2 - Jl2 

Z = ,IR2 + Xe 2 

R = ....Jv-=-xc• 
Xe= v'V - u• 

Z = X:1, - Xe 
X1,=Z+.Ye 
Xe=Z+XL 

Resistance, indnctance, and capacitance 

z = vl?2+(.~ x;j• 
R = VZ2 - (X1, - Xe) 2 

XL = V
1 Z2 

- R 2 + .\ C 
Xe= X1, - vz2----=--R2 

(2-10) 
(2-10) 
(2-10) 

(2-22) 
(2-22) 
(2-22) 

(2-41) 
(2-41) 
(2-41) 

(2-41) 
(2-41) 
(2-41) 
(2-41) 

Any numbPr of reRistorn, inductors, and cap:H·itors in series (Fiv;. 2-33) 

,l(ri + r, + r;~. ·)2 + (x1,, + XL2 + XLa • • • - xc, - Xe2 - xea • · ·) 2 

E = e, + r, + ea · · · 
I = i1 = i2 = ia · · 
l' = Pi + P• + Pa 

P-F - p 
- EI 

(2-28), (2-3!J), (2-40), (2-41) 
(added vectorially) (2-42) 

(2-30) 
(2-31) 

(2-37) 

Parallel Circuits 

Two circuits in parnllel 

(2-54) 

Resisitrnc·P and i1Hlnelan!'c 

Z= 
..jU2 + Xr! 

(2-54) 

Resistance and capacitance 

(2-54) 
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Inductance and capacitance 
z = XLX!l_ 

XL -Xe 

Resistance, inductance, and capacitance 

Z = RXLXc 
v(XLXc) 2 + R 2(XL - Xc) 2 

For parallel circuits listed above 

E = e1 = e2 = es • • • 
I = i1 + i, + i, · · · 
P = P1 + P2 + Pa 

p 
P-F = EI 

Combination Parallel-series Circuit 

(added vectorially) 

73.5 

(2-54) 

(2-54) 

(2-33) 
(2-43) 
(2-31) 

(2-37) 

Also see equations listed under Parallel RP-Sonant Circuit. No single equation is 
available for this type of circuit. For solution see Art. 10-9 of the authors' Electrical 
Essent1:azs of Radio. 

Inductance of a Coil 
Multilayer coil 

Flat or pancake coil 

Solenoid 

Inductive Reactance 

Impedance of a Coil 

Power Factor 

INDUCTORS 

L = 0.8a2N 2 

6a + 9b + 10c 

a2N• 
L = 9a + 10b 

XL= 21rfL 

(2-5) 

(2-5a) 

(2-5b) 

(2-8) 

(2-10) 

(2-12), (2-12a) 

Coil Q 
Q =XL= 21rfL 

R R (2-8), (2-58) 

Inductors in Series 

LT = L, + L, + I,, 
XLT = XJ,1 -f- XL, + XI,s • • 

LT = L, + L, ::': 2K v'L,L-; 
XLT = 21rfl,T 

Inductors in Parallel 

Lr = -----1---
1 1 1 
t; + L, + L~ 

X l 
LT= l l 1 

- +-- +-
XL1 ;CL2 XL3 

(no flux links.ge between coils) 
(no flux linkage between coils) 

(flux linking the coils) 

(no flux linkage between coils) 

(no flux linkage between coils) 

(2-13) 
(2-39) 

(2-15) 
(2-8) 

(2-14) 

(2-45) 
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Mutual Inductance 

Coefficient of Coupling 

Energy Stored 

Capacitance 

Capacitive Reactance 

ESSENTIALS OF RADIO 

K = ____.E._ 
VL,L2 

L/2 
W=2 

CAPACITORS 

C = 22.45KA(N - 1) 
1081 

X _ 105 
_ 159,000 

• c-2n:fC-~ (C in microfarads) 

Impedance of a Capacitor 

Power Factor 

Capacitors in Series 

Two capacitors 

Any number of capacitors 

C 
1 

T = 1 1 1 
-+-+-c, C2 C3 

Xcr = xc, + xc2 + Xc3 

Capacitors in Parallel 
Cr = C, + C2 + C3 · 

V 1 
ACT = 1 1 1 

-+-+-
Xc1 xc2. Xc3 

Energy Stored 
W = CE2 

2 

RESONANCE 

]06 

= 2rrfCr 

106 

= '2rrfCr 

Resonant Frequency, Inductance, and Capacitance 

(Applies to both series and parallel resonant circuits) 
Frequency of resonance 

103 15!) 
f, = 2,, v'W = yT,c 

(2-6) 

(2-6) 

(2-6) 

(2-3) 

(2-19) 

(2-20), (2-20a) 

(2-22) 

(2-23), (2-23a l 

(2-24a) 

(2-24b) 

(2-24) 

(2-40), (2-20) 

(2-25) 

(2-46), (2-20) 

(2-18) 

(2-48) 
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Inductance required for resonance 
L = 25,300 

.f?C 
Capacitance required for resonance 

C = 2,'),300 
PL 

Series Resonant Circuit (Fig. 2-36a) 

At any frequency 
Z = -vR2 + (XL - Xe)• 

At resonant frequency 

Z=R 
I=!}__ 

R 

(minimum value possible) 

(maximum value possible) 

EL= Ee= EQ 

Parallel Resonant Circuit (Fig. 2-36b) 

At ~ny frequency 

when R is much smaller than XL, 

z ~ XcXL 
T = --v---;"°Rc=2=+c==(;c:;X';=' L=-=x';=, e=;=:)2 

At resonant frequency 
x• ZT = QXL = -ft (maximum possible value) 

Ir,= le= IQ 
E 

I = QX ~ (minimum possible value) 

737 

(2-49) 

(2-50) 

(2-41) 

(2-53) 

(2-54) 

(2-54) 

(2-55) 

(2-56) 

(2-ii7) 

(2-35) 

Width of Frequency Band for a Single Resonant Circuit at 0.707 of the Ma.rimum 
Response 

f. - !, - f. = ..!i.. Q 2rrL 

COUPLED RESONANT CIRCUITS 
Width of Band Pass 

Critical Coupling 

Energy Stored 

f. -f, - Kf, 

K -~ 
C - yQpQs 

Q Q 
2.2.5 

P s -= Kc2 

TANK CIRCUIT 

L ., C ' 
lV, =~ +~ 

2 2 
W, = CE,' 
W, = LI,' 

(2-59) 

(2-84) 

(2-86) 

(2-87) 

(10-6) 

(10-13c) 
(10-14) 
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Ratio 

Secondary Voltage 

Reflected Impedance 

Reflected Resistance 

Reflected Reactance 

Reflected Inductance 

Reflected Capacitance 

Resistance-inductance Circuit 

Resistance-capaci~ance Circuit 

In Terms of Power 

TRANSFORMERS 

Es= nEp 

Zp_s, = ~: 

Zs-P• = n 2Zp 

RP-S· = R;~ 
n 

Rs-P• = n 2Rp 

X Xs 
P~~' = n2 

.Ys-P• = n2Xp 

Ls 
LP-S' =. n 
Ls-P• = n 2Lp 

TIME CONSTANT 

L 
t = R 

t = CR 

DECIBELS 

db= 10 log Pi 
P2. 

In Terms of Voltage and Resistance 

In Terms of Voltage 

db ~ 20 log l,\ y"J[, 
E2v'Ri 

db = 20 log z: 
In Terms of Current and Resistance 

In Terms of Current 

db - 20 log I' ~ 
I2 VR2 

db= 20 log~ 
I, 

(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) 

(8-1) 

(8-2c) 

(8-4) 

(8-3c) 

(8-5) 



In Terms of Pressure Levels 

APPENDIX V 

F 
db= 20 log-F 

'R 

VACUUM-TUBE CONSTANTS 
Ampli:6.cation Factor 

Dynamic Plate Resistance 

µ = dde; (i6 - constant) 
.e. 

µ = YmTp 

deb 
Tp = -l. (e, - constant) 

( lb 

rp = .!!:... 
g,,. 

Grid-plate Transconductance (Mutual Conductance) 

dio 
Ym = -d (eo - constant) 

e, 
µ 

Ym = -
Tp 

VOLTAGE AMPLIFICATION 

Triode with Resistance Load 

VA = ~ 
R, + rp 

Triode with Reactance Load 

VA=~ 
Z 0 + Tp 

Pentode with Reactance Load 

when Tp > > z. 
VA~ gmZa 

Multistage Amplifier Circuit 

VA1· = VA, X VA, X VA 3, 

dbr = db, + db2 + <lbs, · · · 

VOLTAGE AMPLIFICATION OF R-F AMPLIFIERS 

Tuned Impedance 

Transformer with Untuned Primary and Tuned Secondary 

VA ~ gm21rfMQ 

739 

(12-1) 

(4-1) 

(4-5) 

(4-2) 

( 4-5b) 

(4-3) 

(4-5a) 

(4-10) 

(7-5) 

(7-8) 

(7-11) 

(8-33) 
(8-34) 

(7-13) 

(7-14) 

(7-17) 

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

VA = g,,.K Z,,fr V~ (7-18) 

K'+--QpQs 
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VOLTAGE AMPLIFICATION OF A-F AMPLIFIERS 

Resistance-capacitance Coupling 

l\Iedium frequencies 
Triodes 

VA 
µZ. 

JI=-z+ 
o Tp 

Pentodes 

Low frequencies 

Triodes, rp < R, and Ru 

Pentodcs 

High frequencies 

Transformer Coupling 

.\Iedium frequencies 

Low frequencies 

High frequencies 

Output Voltage 

Distortion Voltage 

Negative Feedback 
Voltage amplification 

K ~ R. 

L = ✓n; + (21r}cJ • 

VAll = KHVA/,{ 

Kl[ = 1 
-Vl, + (21rJC1R.,,) 2 

'A 
Zp \, = µn-,-­

ZP + rp 

". X l,P 
Vl">.,I[ = µn = -;==== 

-VR, 2 + XLP 2 

VAr, = Kr,VAM 

K - .Yr,p 

L - -VR, 2 + Xr,P 2 

VAll = KHVA.lf 
K Xr 

If= y"R,_,2 + (Xp" -· X1·)' 

FEEDBACK AMPLIFIERS 

I - A 
e. - e, 1 - A{:I 

D' =e' __ d_ 
0 1 - Aµ 

VA' = eo' = __ A_ 
e, 1 - A11 

when AP> 1 

VA' c,,t - !. 
- {:J 

(7-5) 

(8-10b) 

(8-12) 

(8-1 lc) 

(8-11) 

(8-15) 

(8-14a) 

(8-27) 

(8-29) 

(8-12) 

(8-31) 

(8-15) 

(8-32) 

(8-40) 

(8-4.1) 

(8-43), (8-43a) 

(8-44) 
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Feedback factor 
A/3 = _e_,_ 

e. - e1 
Per cent output voltage being fed back 

~ u, 
/3 =7l1 + R, 

POWER AMPLIFIERS 
Single-tube Triodes, Class A 

Power output 

Maximum power output 

P 
_ (µEa)• (µE9,m) 2 

c,m - -4- = --8--
Tp rp 

Maximum undistorted power output 

P 
_ 2(µE.) 2 _ (µE 0,m) 2 

o-m•u - ~ - o,:;--
Power Output, Pentodes, and Beam Power Tubes 

I
> _ [io,m6 x - io,min + 1.41([., - lu)J'R.' 

0 
- 32 

Push-pull Operation, Triodes, Class A 

Power output 
p _ 4(µE.) 2 R.' 

0 
- (2rp + R.') 2 

:\Iaximum power output 
p = (µE 9.m) 2 

o-m. 4rp 

POWER SUPPLY 

Output Voltage, without Filter, Resistance Load 

Full-wave 
Eo = 0.9E._,, 

Half-wave 
E. = 0.45E • ....,, 

Per Cent of Ripple Voltage 

General equation 

P E 
E, 

er cent r = ---· X 100 
Ed,c 

Capacitor input filter circuit 
At the output of first capacitor 

2245 X 104 

Per cent B,. 1 :::::'. f,R.Cr 

At the output of second capacitor 
Using a filter choke 

Per cent E,., 
Per cent E,. 2 ~ [10-•(21rf,)'LiC.J -=-1 

Using a filter resistor 

l ' , , t E ~ Per cent E,.1 X 106 

er ccn ,,., = 21rf,C,Ri 
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(8-42) 

(8-47n) 

(9-2b) 

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

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

(9-15) 

(9-18) 

(9-19) 

(11-l) 

(11-2) 

(11--4) 

(11-5) 

(11-6) 

(11-7) 
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Choke input ftltC'r circuit, .f, = l'.l0 cycles 
At the output of fin,t capacitor 

P 'E ~100 er ccne • ,. 1 = Li()-; 

At the output of sc·corHI capacitor 

1, t E ~ !i50 
er ecn , ,.2 = Lil-;,((·J-;-+-C2)2 

Voltage Regulation 

VR = En - Er, X 100 
EL 

Critical Inductance of Input Choke 

I Ro 
-'c = 1000 

RELATION BETWEEN WAVELENGTH AND FREQUENCY 

Wavelength 

Frequency 

>. = 300,000 
f 

f = 300,000 
i\ 

AMPLITUDE MODULATION 

Per Cent of Amplitude Modulation 

M = maximum voltage of the n:odu~~p; wa_~~ X 100 
maximum voltage of the carrier wave 

FREQUENCY MODULATION 

Frequency Deviation 

(11-\Ja) 

(11-lOa) 

( 11-8) 

(11-11) 

(1-2) 

(I-3) 

(13-3) 

h = variation of the radio frequency away from the center or rP-sting frequency 

Deviation Ratio or Frequency Modulation Index 

lll = varintiun of the r-f away from the center fr('qu<>ney 
1 modulating (audio) frequency 

ANTENNAS 

Length of Half-wave, Fundamental, or Hertz Antenna 

l = 492 X k 
f 

Length of Quarter-wave, Grounded, or Marconi Antenna 

l ~ i\ 
=4_2 

CRYSTALS 

Resonant Frequency 
k 

fr - l 

(13-9) 

(10-17) 



AWG 
(B & S) 
gauge 

0000 
000 
00 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 

APPEKDIX VI 

BARE ANNEALED COPPER WIRE TABLE 

American Wire Gange (formerly Brown & Sharpe Gauge) 
Resistance values at 20 degrees centigrade, GS degrees Fahrenheit 

Diameter Area in Ohms per I l!'eet per 
in mils circular mils 1000 feet I pound 

---

460 211,600 0.0-190 1. 561 
400.6 167.800 0.0618 1.068 
36'1.8 133,100 0.0770 2.482 
32-1.9 105,500 0.0083 3.130 
289.3 83,690 0.123!) 3.947 
257.6 66,370 0.1563 4.977 
229.4 52,6·!0 0.1970 6.276 
204.3 41,740 0.2·185 7.914 
181.9 33,100 0.3133 9.980 
162.0 2fi,250 0.39.51 12.58 
144.3 20,820 0.4!)82 15.87 
128.5 16,510 0.6282 20.01 
114.'1 13,090 0.7021 25.23 
101.9 10,380 0.9989 31.82 
90.74 8234 1 .260 40.12 
80.81 6.530 1.588 50.59 
71.96 .5178 2.003 63.80 
61.08 4107 2.525 80.44 
57.07 3257 3.184 101.4 
50.82 2583 4.016 127.9 
4-5.26 20-18 5.064- 161.3 
40.30 1624 6.385 203.4 
35.89 1288 8.051 256.5 
31.96 1022 10 .15 323.4 
28-'16 810.1 12.80 407.8 
25.35 642.4 16.14 514.2 
22.57 50\L5 I 20.36 648.4 
20.10 404.0 25.67 817.7 
17.00 320.4 I 32.37 1031 
15.94 254.1 40.81 1300 
14.20 201.5 ! fil .47 1639 
12.64 159.8 64.90 2067 
11.26 126.7 

I 
81.83 2607 
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AWG 
Diameter Area in Ohms per Feet per 

(B & S) 
in mils circular mils 1000 feet pound gauge 

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 
30 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 
44 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 

:-faterial 

Air ...................................... . 
Aluminum oxide layer ..................... . 
Bakelite .................................. . 
Cambric, varnished ........................ . 
Cotton ................................... . 
Fiber .................................... . 
Glass, common ............................ . 
Isolantite ........................ , ........ . 
M:ica .................................... . 
Oil, castor ................................ . 

l'yranol ................................ -
Transformer ............................ . 

Paper, beeswaxed ......................... . 
Paraffined .............................. . 
Shellacked .............................. . 

Porcelain ................................. . 
Quartz ................................... . 
Resin .................. _ .................. . 
Tantalum oxide layer ...................... . 
Wat~r, pure .............................. . 

Dielectric 
constant, 

K 

1 
10 
6 
4.5 

6.5 
4.2 
3.5 
5.5 
4.7 
4.2 
2.4 
3.1 
2.2 
3.4 
5.5 
4.5 
2.5 

11.5 
81 

Dielectric 
strength, 
volts per 
0.001 in. 

80 

500 
1200 
300 
50 

200 

2000 
380 
350 
250 

1800 
1200 

750 

NoTE.-The values given in the above table may vary considerably, depending 
upon the quality and manufacture of the material. The values in the table are 
average values; for greater accuracy, values should be obtained from the manufacturer 
oi the materials used. 
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APPE~DIX VIII 

STANDARD COLOR CODING FOR RESISTORS 

For the identification of resistance values of small carbon-type resistors, uu11tl1ers 
arc represcutcd by the following colors: 

0-Bluck 
1-Brown 
2-Hed 
3-Oran11;e 
4-Yellow 

5-Grccn 
u-Blue 
7-Violet 
8--Gray 
!)-White 

Three colors are used on each resistor or capacitor to identify its value. 
There arc two methods of placing the color i<lcutification on a resistor. In the 

first method, illnstrntcd hy Fi11;. 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 C near the center of the resistor represents the number of zeros 
following the first two figures. By this system, a 150,000-olun resistor would be 
colored as follows: 

Body, brown Tip, green Dot or band, yellow 

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

Ban<l A, violet Band B, green Band C, ydlow 

An 1tuxiliary color code has been estahlislwd, covering the tolerances of resistors. 
The tolerances arc indicated by the following; colors, which appear as a fourth band 
or dot placed on one end of the resistor: 

Gold, 5% Silver, 10% Xonc, 20% 
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'11,J>EN DIX VIII 

.IIIIIITTJllllll~IIIIIIIIIIIIIII~ ~11~1111~ 
'··-Tolerance 

FIG, A-1. 
Tolerance' 

FIG, A-2. 

APPLICATION OF CoLOR Com: 

Resistance, 

I A B C 
Resistance, 

A B 
ohms ohms 

50 · Green Black Dlack i 25,000 Red Green 
75 ''iolet Green mack i 30,000 Orange Black 

100 Brown Black Brown 40,000 Yellow Black 
150 Brown Green Brown 50,000 Green Black 
200 Red Black Bro\\·n 60,000 Blue Black 
2§0 Red Green Brown 75,000 Violet Green 
300 Orange Black Brown 100,000 Brown Black 
350 Orange Green Brown 120,000 Brown Hed 
400 Yellow Black Brown 150,000 Brown Green 
450 Yellow Green Brown 200,000 Red mack 
500 Green Black Brown 250,000 Hcd Green 
600 Blue Black Brown 300,000 Orange mack 
750 Violet Green Brown 400,000 Yellow Black 

1,000 Brown Black l{ed 500,000 Green Black 
1,200 Brown Red Red 600,000 Blue Black 
1,500 Brown Green Red 750,000 ,riolet Green 
2,000 Red Black Red L\In Brown Black 
2,500 Red Green Red 1pm Brown Green 
3,000 Orange Black Hed 2;\If! Red Black 
3,500 Orange Green Red 3:c\l[l Orange Black 
4,000 Yellow Black Hed 4:\lrl Yellow Black 
5,000 Green Black Red 5:\lrl Green Black 
7,500 Violet Green Hed 6:.In Blue Black 

10,000 Brown Black Orange 71\In Violet Black 
12,000 Brown Red Orange 8:\Irl Gray Black 
15,000 Brown Green Orange 9:\Irl \Yhite Black 
20,000 Red Black Orange 10:\IP. Brown Black 
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I C 

Orange 
Orange 
Orange 
Orange 
Orange 
Orange 
Yellow 
Yellow 
Yellow 
Yellow 
Yellow 
Yellow 
Yellow 
Yellow 
Yellow 
Yellow 
Green 
Green 
Green 
Green 

, Green 
Green 
Green 
Green 
Green 
Green 
Blue 



APPENDIX IX 

STANDARD COLOR CODING FOR MICA CAPACITORS 

Mica capacitors that arc not stamped with their capacitance values usually arc 
marked with three or more colored dots and with an arrow or other symbol indicating 
the sequence in which the dots are to he read. The capacitance values are in micro­
microfarads, and the color code is the same as the one used for resistors. The three­
dot R:\IA color code, shown in Fig. A-3a, is used for capacitors whose working volta.ge 
is 500 volts and for which one or more of the following conditions apply: (I) the toler­
ance is greater than 10 per cent, (2) the capacitance rating is less than 10 µµf, (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-3c, 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 system also provides a dot to indicate the d-c working 
voltage. The use of the capacitor color code can best he nnderstoocl hy 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. 

[ ;:-@ @ @)} Bla~ff 

(a) ~ 

®@© 

@ © 

Front View (d) 

~ 
(b) 

Back View 

(cJ 

®@© 

®®@ 

(e) 

FIG. A-3. 
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CAPACITAXCE IX :\,hCROMICROFAUADS (µµJ) 

Siµ;nificant figures 
1'111ltiplying Per cent, D-c working 

Color of factor tolerarn,e voltage 
dot 

A n C j) R F 
------ ·-

Black 0 0 0 1 
Brown 1 I I IO I 100 
Red 2 2 2 100 2 200 
Orange 3 3 I 3 1000 3 300 
Yellow 4 ,1 i 

4 10,000 ,1 400 
Green 5 5 5 100,000 5 500 
Blue 6 G i 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 

I ! 

APPI,ICATION o~· CoLOR Com: 

System, Capaci- Capaci-
Per D-c I 

cent of work-
Fig. tance, tance, 

toler- ing 
A B C D E F 

A-3 µf µµI 
ance voltage 

------------------------

(a) 0.000005 5 l3lack Green Black 
(a) 0.000012 12 Hrown Red Black 
(a) 0.00035 350 Orange Green Brown 
(a) 0.0004 400 Yellow Black Brown 
(b) 0.000025 25 2 Red Green Black Red 
(b) 0.00075 750 5 Vio]et Green Brown Green 
(b) 0.006 6000 10 Blue Black 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 

(e) 0.000002 2 4 1000 Red Black Black Silver Yellow Gold 
(e) 0.000025 25 IO 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 Violet Green Black Brown Gold Blue 



APPEXDIX X 

STANDARD COLOR CODING FOR LOUDSPEAKER AND 
TRANSFORMER LEADS 

In orc!C'r to idPntify the various lr-acls of lou,lspeakPrs and t.ransfol'lltC'rH used in 
rarlio P<p1ipnwnt, the Hadio :\lanufarturrrs' .\ssor.iation ha8 adoptPd a st'! of standards 
that arc usPd by most manufaeturrrs. The following diagrn.rnR incliC"atc the <'olor 
of the leads for six types of electrodynamic luudspcakl'rn :111d three types of trans­
formers gcncrnlly used. 

Blue-finish lr"ns. 

Vo,Ce coil 
Dynanuc speaker 

(a)J-wire connectio,i ir.to • 4-prong plug 

Bfue(or brown)-sfarf trans. 

Yellow and red 
fi'nish 

.Sl,mdard pin Voice cod 
arrcm!femenf 

4
A Oynam/c speaker 

(c) 4-wire push-pull circuit with o 4-prong plug 

Blue- finish frtilnS. 

Red-center lap /rt;JnS. 

Blue(orbrown}fr9ns. 
-start 

8/ackand red-slarf 
.Slate and red-la 
Yellow amJ red 

finish Field 

Oynamt'c .speaker 

(e J Lou~speoker usir.g o fopped field 

Red-sf art frans. 

Voicecorl 
[)yncrmic .speaker 

(b) 4-wire connection into• 4-prong plug 

'te!!owanrl red 
f'Jfu~h 

(d} S-wire push-pull circuit with• ~-pron~ plug 

Blue-finish !rans. 
Red-center ta ir. ns. 
Blue for brown J /rans. 

~fart 

Vo/Ce coil 
Dynam1C speaker 

(f) Louclspeaker using two seporote field coils 

FJG. A-4.-Identification of electrodynamic loudspeaker leads. (Courtesy of P. R. 11-lallory 
& Co., Inc.) 
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Plafe 

8/ackand elh 
SO/SO sloped 

design 

, Finish 
! Black 1/' 
[ untapped 
\ 

Black and red 
50/SOslnped 

APPENDIX X 

li>llow 

'rel/ow and blue 
50/50ilr7jJecl 

~/low 
Reol 

Yellowcrndred 
5O/50.s ripe 

de.sign 

Red 
Green 

Greenand el/ow 
SO/SO.striped design 

Green 
Brown 

Rectifier 
Filament 

Reclifi'er 
plate 

Amplifier li'/ament 
Winding No.I 

Amplif'ier lilamenl 
Winding No.2 

design If primor lllc~~~~~c:; 
use.slap 

Amplifier f'ikrmenl 
Winding No.3 

(a}- POWER TRANSFORMER COLOR CODE 

Blue Green Grid 
or 

diode 

Green and bhdr fill/ 
----- wave 

diode 

B+ Red Black Grid or 
diode 
return {b)-COLOR CODE IF TRANSFmMEPS 

Piede ---=8.;.:lu,:.:::e __ 

Plate Blue or brown 
(Sfarf) 

Green 

Green or el/ow­
(Skrrt} 

Gridlorhiqh_.sicle .) 
I of' movmg co1Z 

Grid 

The upper porHon (thafcocle 01bove fhedoftecl line} 
for sinqle pr/merry and /or secondary fromsf'ormers 

(CJ-COLOR CODE-AUDIO TRANSFORMERS 
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F1G A-5.-ldentification of transformer leads. (Courtesy of P. R. ,lfallory & Co., Inc.) 



APPEKDIX XI 

TRIGONOMETRY 

The solution of a-c problems frequently involves adding or subtracting quantities 
such as volta!!;es, currents, and ohmagcs by means of vectors. The mathematical 
solution of these problems requires the use of trigonometry. The method of solution 

b 
FIG. A-6. 

presented in the text makes it possible to solve all such 
problems hy the use of right triangles. The following 
statements apply to any right triangle and arc illustrated 
in Fig. A-G. 

a 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 (J is equal to the side oppo­
site that an,i;le divided by the hypotenuse. 

5. The cosine of any angle (J is equal to the sille 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 
a 

= C; 

cos A 
b 

= C; 

sin B 
b 

= C; 

cos B = '.:. 
c' 

c2 = a 2 + b2
; 

a= c sin A; 

b = C cos 11; 

b = c sin B; 

a= c cos B; 

a 
c=sinA 

b 
c=cosA 

b 
c=sinB 

a 
c=cosB 

b2 = c2 - a2 

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

When (J is between \JO and 180° 

sin O = cos (0 - 00) 

Example: ,\<nat 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 O = - sin (o - 180) 

Example: What is the sine of 218°? 

sin 218° = - sin (218 - 180) 
- sin 38° 
- 0.616 

When O is between 270 and 360° 

sin O = - cos (8 - 270) 

Example: What is the sine of 336°? 

sin 336° = - cos (336 - 270) 
= - cos 66° 
= - 0.407 
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APPENDIX xn 
SINE AND COSINE TABLES 

Degrees sin cos Degrees sin cos 

0.0 0.000 1.000 21.5 0.366 0,930 
0.5 0,009 1.000 22.0 0.374 0,927 
1.0 0.017 0.99!) 22.5 0.383 0.924 
1.5 0.026 0.9!J!l 23.0 0.3\Jl O,!J20 
2.0 0.035 0.9!l!J 23.5 0.3!J9 0.917 

2.5 0.043 0.!)!J!) 24 .0 0.407 0.913 
3.0 0.052 0.!)!)8 2-J .5 0.415 0.910 
3.fi 0.061 0. !)98 25.0 0.-122 0.906 
4.0 0.070 0.997 25.5 0.430 0.902 
4.fi 0.078 0.9!)7 26.0 0.438 0.89!) 

5.0 0.087 0.996 26.5 0.446 0.895 
5.5 0' ()l)(l 0.99il 27.0 0.-154 0.891 
6.0 0. 10,1 0.99-l 27.5 0.462 0.887 
6.5 0.113 0.993 28.0 O.·IG!J 0.883 
7.0 0.122 0.9!)2 28.5 0.477 0.879 

7.5 0.130 0. !J!Jl 29.0 0.485 0.875 
8.0 0.139 0.9!)0 29.5 0.4\J2 0.870 
8.5 0.148 O.\J8fl 30.0 0.500 0.866 
9.0 0.156 0.988 30.5 0.507 0.862 
9.5 0. 165 0.986 31.0 0.515 0.857 

10.0 0 .173 O.fl8.'i 31.5 0.522 0.853 
10.5 0.182 0.983 32.0 0.530 0.848 
11.0 0. I\Jl 0.981 32.5 0.537 0.843 
11.5 0.199 0.980 33.0 0.544 0.839 
12.0 0.208 0.978 33.5 0.552 0.834 

12.5 0,216 0.97G 34 .0 0.559 0.829 
13.0 0.225 0.97,t 3-1.5 0.5(i(j 0.824 
13.5 0.233 0.972 35.0 0.574 0.819 
14.0 0.2·12 0.970 35.5 0.581 0.814 
14.5 0.250 0.968 36.0 0.588 0.809 

15.0 0.259 0.!)66 36.5 0.5!)5 0.804 
15.5 0.267 0.()63 I 37.0 0.602 0.798 
16.0 0.275 0.061 37.5 0.600 0.793 
16.5 0.284 0.05() 38.0 0.616 0.788 
17.0 0.2fl2 0.056 38.5 0.622 0.783 

17.5 0.301 0.9.'i4 3fl.O 0.629 0.777 
18.0 0.309 0.951 3fl.5 0.636 0.772 
18.5 0.317 0.948 40.0 0.6-13 0.766 
19.0 0.325 0.945 40.fi 0.64!) 0.760 
19.5 0.334 0.942 41.0 0.656 0.755 

I 

20.0 0.342 0.9-10 41.5 0.663 0.749 
20.5 0.350 0.937 42.0 0.669 0.743 
21.0 0.358 0.933 

I 
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 0.72.5 i 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 0.669 72.0 0.951 0.309 
48.5 0.741) 0.663 72.5 0.954 0.301 
49.0 0.755 0.656 73.0 0.956 0.292 
49.5 0.760 0.641) 73.5 0.959 0.284 
50.0 0.766 0.6-13 74.0 0.961 0.276 . . 
50.5 0.772 0.636 74.5 0.IJ64 0.267 
51.0 0.777 0.621) 75 0 0.IJ66 0.259 
51.5 0.783 0.622 75.5 0.IJ68 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 0.821 0.,5(i(i 79.5 0.983 0.182 
56.0 0.829 0.551) 80.0 0.985 0.174 
56.5 0.834 0.552 80.5 0.986 0.165 
57.0 0.839 0.5-14 81.0 0.988 0.156 
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 0.91J2 0. 122 
59.5 0.862 0.507 83.5 0.91J4 0.113 
60.0 0.866 0.500 84.0 0.91)4 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 0.45'1 87.0 0.998 0.052 
63.5 0.895 0.-146 87.5 0.999 0.043 
64.0 0.899 0.'138 88.0 0.999 0.035 
64.5 0.903 0.430 88.5 0.999 0.026 
65.0 0.906 0.'123 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 

I 



APPENDIX XIII 

COMMON LOGARITHMS OF NUMBERS 

Logarithms of Numbers 

N 0 1 2 3 4 I 5 I 6 7 I 8 9 
-- --------- -1------1--·----

10 0000 0043 0086 0128 0170 0212 0253 0294 0334 0374 
11 (),114 0453 0492 0531 0569 0007 00-15 0082 0719 0755 
12 0792 0828 0864 08!)!) 0934 0\169 1004 1038 1072 1106 
13 ll39 1173 1206 123\1 1271 1303 1335 1367 1399 1430 
14 1461 14!)2 1523 1553 1584 1614 1644 1673 1703 1732 

15 1761 17\JO 1818 1847 1875 1!)03 1!)31 l!J59 1987 2014 
1(j 2041 2068 20!)5 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 26!)5 2718 2742 2765 
19 2788 2810 2833 2856 2878 2!)00 2923 2!)45 2967 2989 

20 3010 3032 3054 3075 3006 3118 3139 31(i0 3181 3201 
21 3222 32·13 3263 32S4 3304 3324 3345 3365 3385 3404 
22 3-12-1 34-H 3464 3483 3502 3522 3541 3560 3579 3598 
23 3617 3636 3655 3674 3692 3711 3729 3747 3766 3784 
24 3802 3820 3838 3856 38H 38!)2 3909 3927 3945 3962 

25 3979 3997 4014 4031 4048 4065 4082 4099 4116 4133 
26 4150 4166 4183 4200 4216 4232 4249 4265 4281 4298 
27 4314 4330 4346 43o2 4378 4393 4409 4425 4440 4456 
28 4472 4487 4502 4518 4533 4548 4564 4579 4594 4609 
29 4624 463\l 4654 46o9 4683 ,mos 4713 ,1723 4742 4757 

30 4771 4786 4800 4814 4829 4843 4857 4871 4886 4900 
31 4914 4928 4942 49.'i5 4969 4983 4997 5011 5024 5038 
32 5051 5065 5079 50!)2 5105 5119 5132 5145 51.'i9 5172 
33 5185 5198 5211 5224 5237 52.50 5263 5276 5289 5302 
34 5315 5328 5340 5353 5366 5378 5391 5403 5416 5428 

35 5411 5453 5465 5478 5490 5502 5514 5527 5539 5551 
36 5563 .'i57."i 5587 5599 5611 5{i23 563.5 5647 5658 5670 
37 5682 .'i{i\)4 5705 5717 5729 5740 5752 5763 5775 5786 
38 ,17\)8 .'i809 .5821 5832 5843 5855 5866 .5877 5888 5899 
39 5911 .'i922 5933 5944 5955 .5966 5977 5988 5999 6010 

40 6021 6031 6042 6053 6064 6075 6085 6096 6107 6117 
41 6128 6138 6149 6160 6170 6180 61!)1 6201 6212 6222 
42 6232 6243 6253 6263 6274 6284 fi294 6304 6314 6325 
43 6335 634.'i 6355 636.'i 6375 6385 {i395 {i405 6415 6425 
44 6435 6444 6454 6464 6474 6484 6493 6503 6513 6522 

45 6532 6542 6551 6561 6571 6580 6590 6599 6609 0618 
46 6628 fi637 66'16 6656 6665 6675 6684 6693 6702 6712 
47 6721 6730 6739 67-19 6758 6767 6776 6785 679-1 6803 
48 6812 6821 6830 6839 6848 6857 6866 6875 6884 6893 
49 6902 6911 6920 6928 6937 6946 6955 69()4 6972 6981 

50 6990 6998 7007 7016 7024 7033 7042 7050 7059 7067 
51 707G 7084 70!J3 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 

756 
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N 0 1 2 3 4 5 6 7 8 9 
----------- --· ----

55 7404 : 7412 741!) 7427 7435 7443 7451 7459 7466 7474 
56 7482 i 7490 7497 7505 7513 7520 7528 7536 7543 7551 
57 7559 ! 7566 7574 7582 7589 7597 7604 7612 7619 7627 
58 7634 7642 7649 7657 7664 7672 7679 7686 7694 7701 
59 7709 7716 7723 7731 7738 7715 7752 7760 7767 7774 

60 7782 7789 7796 7803 7810 7818 7825 7832 7839 7846 
61 7853 7860 7868 7875 7882 7889 7896 7003 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 807.'i 8082 8089 8096 8102 810\J 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 8139 8445 . 
70 8451 8457 8463 8470 8476 8482 8488 8191 8500 8506 
71 8513 851!) 8525 8531 8537 8543 8519 8555 8561 8567 
72 8573 8579 8585 8591 8597 8603 8609 8615 8621 8627 
73 8633 863\J 864.'i 8651 8657 8663 8669 8675 8ti81 8686 
74 8692 8698 8704 8710 871(3 8722 8727 8733 873\J 8745 

75 8751 8456 8762 8768 8774 8779 8785 87\Jl 87\J7 8802 
76 8808 8814 8820 8825 8831 8837 8842 8848 8854 8859 
77 8865 8871 8876 8882 8887 8893 889\J 8904 8910 8915 
78 8921 8927 8932 8938 8943 8949 8954 8960 8965 8971 
79 8976 8982 8987 8993 89\J8 9004 9009 9015 9020 9025 

-
80 9031 9036 9042 9047 9053 9058 \)063 \)069 9074 9079 
81 9085 9090 9096 9101 9106 9112 9117 9122 9128 9133 
82 9138 9113 9149 9154 9159 9165 9170 9175 9180 9186 
83 91!)1 9196 9201 9206 9212 9217 9222 9227 9232 9238 
84 9243 9248 9253 \)258 9263 9269 9274 9279 9284 9289 

85 9294 9299 9304 9309 9315 9320 9325 \)330 9335 9340 
86 9345 93.50 93.55 9360 9365 9370 9375 9380 9385 9390 
87 9395 9400 9405 9410 9415 9420 9425 9430 9435 9440 
88 9445 9450 9455 9460 9465 9469 9474 9479 9484 9489 
89 9494 9499 9501 9509 9513 9518 9523 9528 9533 9538 

90 9542 9547 9552 \)557 9562 9.566 9571 9576 9581 9586 
91 9590 9595 9600 \)605 9609 9614 9619 9624 9628 9633 
92 9638 9643 9647 9652 9657 9661 9666 9671 9675 9680 
93 9685 9689 9694 9699 9703 9708 9713 9717 9722 9727 
94 9731 9736 \)741 9745 97.50 9754 9759 9763 9768 9773 

95 9777 9782 9786 9791 9795 9800 9805 I 9809 9814 9818 
96 9823 9827 9832 9836 9841 9845 9850 19854 9859 9863 
97 9868 9872 9877 9881 9886 9890 9894 9899 9903 9908 
98 9912 9917 9921 9926 9930 9934 9939 9913 9948 9952 
99 9956 9961 9965 9969 9974 9978 9983 I 9987 9991 9996 



APPE~DIX XIV 

TABLE OF FREQUENCY, WAVELENGTH, AND THE LC PRODUCT 
REQUIRED TO PRODUCE RESONANCE AT THE 

CORRESPONDING FREQUENCIES 

The frequency is expressed in kilocyeles, the wavelength in meters, the inductance 
in microhenries, and the capacitance in microfarads. 

Equations used to calculate values for the table: 

Frequency Wavelength 
in kc in meters 

---- -- ·--·-

600,000 0.5 
500,000 O.G 
400,000 0.75 
300,000 1 
250,000 1.2 

200,000 1.5 
150,000 2 
100,000 3 
90,000 3.333 
80,000 3.75 

70,000 4.285 
60,000 5 
55,000 5.454 
50,000 6 
45,000 6.G66 

40,000 7.5 
35,000 8.571 
30,000 10 
25,000 12 
20,000 15 

15,000 20 

300 000 
Wavelength = · f ·-

25 300 
LC product = J• · 

L X·C Frequency 
in kc 

0. 00000007028
1 

10,000 
0 .0000001012 9000 
0.0000001581 8000 
0 . 00000028 ll 7000 
0.0000004048 GOOO 

0.0000006325 5000 
0.000001124 4500 
0.000002530 4000 
0.000003123 3500 
0.000003!)53 3000 

0.000005163 2500 
0.000007028 2400 
0.000008363 2300 
0.00001012 2200 

' 0.0000124!) 2100 

0.00001581 2000 
0.00002065 1950 
0.00002811 1!)00 
0.00004018 1850 
0.00006325 1800 

0.0001124 1750 

758 

Wavelength I 
L X C in meters 

30 0.0002530 
33_:rn 0.0003123 
37.5 0. 00039.",3 
42.85 0.0005163 
50 0.0007028 

GO 0 .001012 
66.66 0.001240 
75 0.001581 
85. 71 0.002065 

100 0.002811 

120 0.001048 
125 0.001392 
130 .4 0.00-1782 
13G.3 0.005227 
142.8 0.005737 

150 0.006325 
153.8 0.006653 
157.8 0.007008 

I 
1G2. 1 0.007302 
](i(\. (i 0.007808 

I 171A 0.0082()1 
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Wavelength 
I 

Frequency Frequency LXC Wavcleug;th 
LXC in kc in meters in kc in meters 

.. 

1700 176.4 0.008754 980 306.1 0.02634 
1650 181.5 O.OO\J2\J2 060 312.5 0.02745 
1600 187.5 0.000882 040 310.1 0.02863 
1550 103.5 0.01053 020 326 0.02089 
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 0.03'120 
1425 210.5 0.012-15 840 357.1 0.02585 
1400 214.2 0.01290 820 365.8 0.03762 
1380 217.3 O.Ola28 800 375 0.03953 

1360 220.5 0.01367 780 384.6 0.01158 
134.1) 223.8 0.01409 760 304.7 0.04380 
1320 227.2 0.01152 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 640 168.7 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 540 555.5 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 



APPEN"DJX 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 prohlemH. A more complete listing of tubes may be found in the tube 
manuals of the various manufacturers. 

lb;o:rvINC-TUBE CHARACTJ.;RISTICS CHART 

Key to Symbol Designations 

~For grid-leak detection-plate \-olts 45, grid return to + filament or to cathode. 
ti Either A.G. or D.C. may be used on filament or heater, except as specifically noted. For use 

of D.C. on A.C. filament type.s, decrease stated grid volts by ½ (approx.) of filament v<>ltage. 
c Supply voltage applied through 20,000-ohm voltage-dropping resistor, 
d Grids #3 and /15 arc scrnen. Grid #i is signal-input control grid. 
e Grids #2 and #4 arc screen. Grid #1 is signal-input control grid. 
I For 2rid of following tube. 
• Both grids connected together; likc"•isc, both plates. 
A Power output is for two tubes at stated plate-to-plate load. 
• For two tubes. 
i This diagram is like the one having the same designation without the prefix G, except that Pin 

No. 1 has no connection. 
k Obtained preferably by using 70,000-ohm voltage-dropping resistor in series with a 90-volt supply. 
1 This diagram js like the one having the sarne designation with the prefix G, except that ba..<;;e 

sleeve is connected to Pin No. L 
m Grids /12 and U3 tied to plate. 
~ For signal-input control-grid (#1); control-grid #3 bias, -3 volts. 
• Applied through plate resistor of 250,000 ohms or 500-henry choke shunted by 0.25-megohm 

resistor. 
P Applied through plate resistor of 100,000 ohms. 
o Applicrl through plate resistor of 250,000 oluns. 
' 50,000 ohms. 
$. l\'Iaximum. 
'l\.iegohms, 

u Grid #2 tied to pl,ite. 
z Grids #2 and #4 are screen. Grid #3 is signal input-control grid. 

760 



KEY TO TERMINAL DF.SIGNATIONS CW SOCJETS 
Alphabetical subscripts B, D, P, T. HP, and HX indicate. respectively, beam nnit, diode unit, pent.one unit, triode unit, hcptode unit, and hexode unit in 

multi-unit types. 
BP = Bayonet Pin 
BS = Base Shell 
F = Filament 

pMNC 
,W , 

4B 

~

. 
NC 

H H 

• NC. K.[Y K 

G-5AA 

Po2 

~ 
•01 

• 
t 

• S I\EY F' 

5T 

FM - Filament Mid-Tap 
G = Grid 

IIL = Heater Tap for K = Cathode 
Panel Lamp NC = No Connection 

RC = Ray-Control Electrode 
S = Shell 

H = Heater 

POM~ 
r~ • 

4C 

5AB 

~

NC 

• 
p 

H 
7 

• 
NC KCY K 

G-5U 

H 

HM = Heater Mid-Tap P = Plate (Anode) 
• = Gas-Type Tube 

SI = Interlead Shield 

SocKET CoNNECTioNs-BoTTOM: V1Ewa 

p~c w· I\ 

2 3 2 l 

I 4 I 4 
F r H , H 

40 4G 

C2 

~ p I\ 

• 
H H 

~

NC POI 

Po2 NC • 
NC F 

• 
NC KEV F" 

SE G-5Q 

,_ 

G-5Y G-5Z 

~

GI G
2 

. 
ft G3 ,_ 

4M 

.. 
G-5R 

I G2 

~

NC NC 

p 

H H NC 

6AA 

K 
G3 

NC 

'!Z 

~

G 

p 

r+ 

• 
NC KE.V NC 

G·5S7 

~

p 

G 
3 

H 
7 

H 

• 
KC'1 h 

6AB 

,. 

SL = Base Sleeve 
TA= Target 
U = Unit 

•4t--~ •• 

HI 0 
H 

5A 

G·SSa 

.... ~· 3 

H 2 7 
H 

r • 
NC Ktv K 

G·6AO 

~ 

~ 
t"l 
'<: 
t:, 
...... 
~ 

~ 
~ 

-.J 
~ ,..... 



~

G2 c, 

p ~3 

• 
H H 

~

KD2 K01 

""2 Poo 

• 
H H 

6AC 6AR 6B 6E 

•r*P02, ... •""', 

I 6 ,. ,. ~

G 

p 

H H 

• 
$ KtY K ~

(, TA 

p • 

• 
H H 

~

c, 

• 
,_ 

,.. "3 

• 
NC K.[W NC. 

6M 6Q &R G-b~ 

G2 

H 
~

•02 •o, 
•02 

3 

H H 

• 
S l\[Y I\DI 

7B 1C 70 7Q 

H H 

?V SA SAA 

~ 
•• c, 

I 

• • 

H H .,. 

0
4':Tz c,, 

,, 
• "• . 

•-2 •• 
• ~I:" NC NC 

G•7AB 

K 

7ff 

~, 
Ci,:t_ __5;1 

H 

Pr 

~

ro, ' 0• T 

.., " 

• 
H H 

6G 

7AC 

~

c 2 Go 

p 

H 

" S Ktv G3 

H 

7S 

G-BAJ 

~

czc, 

• 
c, 

p ~ -
• 

n ~ 

SL 

7AZ 

71 

•• 
BAL 

c, 

-J 
C, 
I,,:) 

~ 
VJ 
VJ 
t>:: 
~ 
...:, 
-..: 
:,a. 
t-­
Cr.; 

0 
"'l 

~ :,a.. 
~ .... 
0 
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6AV 

G•8G 

6$ 

6U 

•T2~'t• CTo a PT1 

H H 

• M.EY K 

68 

•
,, . 

• 
G3 G2 • 

H H 

• 5 KEY p 

8N 

3 

JuMl"t 

• 

av 

7G3 

&BK 

•o, •o, 
Pt 

" 

Gt H 

• 5 l(t'J H 

8Q 

p 

7 

• NC. KE.Y NC 

4AJ 
(Courtesy of RCA Manufacturing Co,) 



Cathode type and l'.se 
rating Values lo ri~ht ~ive Plate Socket operating con-

sup-RCA type Name connec-

Volts I Amp 

ditions and ply, lions characteristics for 
C. T. indicated typio.al volts 

use 

1A4-P Super-control R-F 4M D.C. 2.0 0.06 Amplifier 
amplifier pentode F 

-- -- --------
1A6 Pentagrid converter• 61 D.C. 2.0 0,06 Converter 135 

F 180 

----
1A7-G Pentl\gt'id converterd G-7Z D.C. 1.4 0.05 ConvQrtcr 

F 

1A7-GT Pcntagrid converterd GT-7Z' D.C. 1.4 0.05 Converter 90 
F 

-- --- -
IB5/25S Duplex-<iiodc triode 6M D.C. 2.0 

F 
0.06 Triode unit as 135 

amplifier 
-- ------··--

1C6 Pentagrid convertcrd 6L D.C. 2.0 0.12 Converter 
F 

~---- ·-------- -· 
lCi-G Pentagrid converterd G-7Z D.C. 2.0 0.12 Converter 13S 

F 180 

----------------
ID5-GP Super-control R-F G~W D.C. 2.0 0.06 Class A amplifier 90 

amplifier pentode F 180 
---- -

ID5-GT Super-control R-F G-5R D.C. 
amplifier tetrode F 

2.0 0.06 Class A amplifier 180 

----
1D8-GT Diode-triode-powor G-SAJ D.C. 1.4 0.1 Pentode unit as 45 

amplifier pentodc F class A amplifier 90 

Triode unit as cla.ss 45 
A amplifier 90 

rn.,-GP R-F amplifier pen- G-5Y D.C. 2.0 0.06 Class A amplifier 90 
tode F 180 

Trans- Load 
Screen Plate A-c plate conduct- for 

Grid bias,• Screen cw-- cur- rt>Sist- ance Ampli- stated Power 
volts 

supply, rent, rent, ance, (grid- fica.tion output, 
volts factor power watts ma ma ohms plate), output, 

µmhos ohms 

For other charncteristics, refer to Type 1D5-GP. 

400,0001 Anode-grid (#2): 180' max. volts, { - 3.0} 67 .5 2.5 1.2 
min. 67.5 2.4 1.3 500,000

1 

2.3 ma. Oscillator-grid (fl) Re-
sistor.r 

Conversion transcond., 300 microm-
hos. 

:Por other cbaractaristics, refer to Type IA7-GT. 

•O 45• 0.7 0.6 600,000\ Anode-grid (i12): 90 max. volts, 1.2 
ma. 

· Oscillator-grid (#1) resistor, 0.2 meg. 
Conversion transcond., 250 microm-
hos. 

----------
--575·rw1-=-1--=:-. - 3.0 - - 0. 8 35,000 

For other characteristics, refer to Type IC7-G. 

-- 3.0 67 .51 2.5 1.3 600,0001 Anode-grid (•2): 180<' max. volts, 
- 3.0 67 .5 2.0 1.5 700,000 4.0 ma. Oscillator-grid (#1) Re-

sistor/ Conversion transcond., 325 
m.icromhos. 

--- ---------
I { -.3.0} 67 .5 0. 9 2. 2 600,000' 720 - - -

mm. 67 .5 0.8 2.3 1,000,000 750 __ I __ -------- --- ---
- 3.0 67 .5 0. 7 2.2 600,000 650 - - -

.. -------
- 4.5 4S 0.3 1.6 300,000 650 - 20,000 0.035 
- 9.0 90 1.0 5.0 200,000 925 12,000 0.200 

----- -·--------------
0 - - 0.3 77,000 325 25 - -
0 1.1 43,500 575 25 

- ------
- 3 0 67 .5 0.7 1.6 1,000,000 600 - - -
- 3.0 67 .5 l 0.6 I. 7 1 5on,ooc 650 

-..:, 
C, 
H'-

t.>:i 

~ 
t.>:i 
~ 
'-3 ...... 
::,.. 

~ 
a 
"':I 
~ ::,.. 
~ 

23 



IG4-GT/G Detector amplifier G-5S, D.C. 1.4 0.05 Class A amplifier 90 - 6.0 - -=-Ll 10,7001 •• , S 1-1-~ 
triode F 

1H4-G Detector amplifier• G-5S, D.C. Z.O 0.06 Class A amplifier 90 - 4.5 - ' - 2.5 lt,000 850 9.3 - -
F 135 - 9.0 3.0 10,300 900 9.3 

180 -13.5 3.1 10,300 900 9.3 
- - --- --- ---1----1----f-----1----

Class B amplifier 157.5 -15.0 - - 1.0• - - - 8,000 2.1• 
,----- -1--------1----- --- - - - --- -------+--'------'----'----L--'-----'----'----'----'----1 

1H5-G Diode high-mu triode G-5Z D.C. 1.4 0 .05 Triode unit as For other characleristice, refer to Type 1H5-GT. 
F amplifier 

1H5-GT Diode high-mu triode GT-5Z1 D.C. IA 0.05 Triode unit as class 00 I O - - 0.15 240,000 275 65 - -
F A amplifier . 

1------1---------,------------- ··--- - . -------- ------------ -------------· 
1J5-G Power amplifier pen- G-6X D.C. 2.0 0.12 Class A amplifier 135 -16.5 135 2.0 7.0 105,000 950 - 135,000 0.45 

tode F 
l------+---------1-----------1-----· -- ---+----1---- ---,--~---~--~---,--- -

1J6-G Twin triode amplifier G-7AB D.C. 2.0 0.24 Classllamplifier 135 0 - - Power output is for one tube at 10,000 2.1 
F ---I-------, 135 - 3.0 slated plate-to-plate load. 10,000 1.9 

IL4 R-f amplifier pentode 6AR D.C. IA 0.05 Cln.ss A amplifier 90 0 67.5 1.2 2.91 600,0001 9251 - - -_-
F 90 O 90 2.0 4.5 350,000 1,025 

1------1---------,--------
1N5-G IU amplifier pentode G-5Y D.C. 1.4 0.05 Amplifier For other characteristics, refer to Type JN5-GT. 

F 

!N5-GT R-famplifierpentod~~-T--5-Y_' Df. IA 0.05 C!assAamplificr 90 0 --90--1-0-3 __ 1_2_1,500,000 750 - - -

1T4 Super-controlr-f 6AR D.C. 1.4 0.05 ClassAamplifier 45 0 45 0.7 1.7 350,000 700 
amplifier pcntode F 90 0 67.5 1.4 3.5 500,000 900 

IT5-GT Beampowcramplifier' G-6X D.C. 1.4 0.05 ClassAamplifier 90 - 6.0 . 90 I 1.4 6.5 1,150 14,000 0.17 

F -------1 ! 
~-- Poweramplifie-r--40-F-~2.5 ClassAamplifier 2.50 -45.0 i - I-=-~ 800 5,250 4.2 2,500 3.5 

triode -------1---l•-=---'---'---ll---t----1---·l----t----1---, 
Push-_pull classAB1 300 Oath. bias, 780 ohms• 80.0' - - - 5,000 10.Qh 
amplifier 300 -62 volts, fixc'<I bias 80. Oi 3,000 15. O" 

1------1---------1-------- · · · ·-- · 
ST4 Full-wave rectifier 5T F 5.0 2.0 With condenser- Max. a-c volts per plate (rms), 450 Max. d-e output ma., 225 Min. total effect. supply 

input filter Max. peak inverse volts, 1,550 Max. peak plate ma., 676 Imped. per plate, 150 ohms 

With choke-input Max. a-c volts per plate (rms), 550 Max. d-c output ma., 225 Min. value of input choke, 
filter .Max. peak inverse vol~, 1,550 }fax. peak plate ma., 675 3 henries 

-- --- -------1----------------------'----------~-----------i 
5W4 Full-wave rectifier 5T F 5.0 1.5 For otherratings, refer to Type 5W4-GT/G. 
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RCA type Name 

5W4-GT/G Full-wave rectifier 

Cathode type aud 
ratmg 

!;~:e~- 1-------
tions 

C. T. I Volts I Amp 

Use 
Values to right gi\'C 

operating con­
ditions and 

characteristics for 
indicated typical 

use 

Plate 
sup-

~!~ 
Grid bias,b supply~ rent, 

I 
Screen I ~:;~n 

volts volts ma 

Trans-
Plate I A-c plate I couduc\•1 Ampli-
cur- resist- an~e fication 
rent, a.nee, (j!"t'd)- factor 
ma ohms P13 e, 

µmhos 

Lood 
for 

stated 
power 

out,put,, 
ohms 

Power 
output, 

wo.tt.q 

--,--,--1--1-----------'-----~----l----------'---I------'---.,__ __ 
G-5Ti F 5.0 1.5 

input filter 1fax. peak inverse volts, 1,400 
).lax.. d-c output ma .• 100 
.Max. peak plate ma., 300 

Min. total effect. supply 
imped. per plate, 50 ohms 

With conderu;er- I 1fax. a-c volts per plate (r:ns), 350 

1------- - ------1----------1 · ·- -----
With choke-input 
filter ).fax. peak plate ma., 300 6 henric>s 

1----l------l--·--l--l--l--1-----

'.\!ax. a-c volts per plate (rms), 500 
!\lax. J)(la.k }nversc volts, 1,400 

~fax. d-c output m~., 100 I Min. value of input choke, 

1fax. d-c output ma., 125 ~!in. total effect. supply 
11ax. peak plate ma., 3i5 imped. prr phte, 50 ohms 

5Y3-GT/G Full-wave rectifier G-5Ti F s.o 2.0 "'ith condensn­
input filter 

1lax. a.-c volts per plate (rms), 350 
!\lax. prak inverse volts, 1,400 

!--------;-------------~ 
With choke-input 1fax. a-c volts per plate (rms), 500 1lax. d-c output ma., 125 Min. value of input choke, 
filter Max. peak inverse volt::., 1,400 Max.. peak plate ma.. 1 3i5 5 henriC's 

1--•·--(I----I F 
5Y4-G Full-wave rertifier G~~Q 5.0 2.0 For other ratings, refer to Type 5Y3-GT/G. 

6A3 Power amplifier triode 
4D F 6.3 1.0 

- ----,--,--1 ' 
Cla.s A amphfier 

a.mphfirr 325 volts, fixed bias 80.0• 3.000 15.0h 

' 250 I -45.0 I -- I - 60 0 I 80015,250 14 2 12,500 13.20 

Push-pullcln.ssAR11325 Cath. bias, 850 ohms,• -68 80.0'I _ _ ·- 5,000 JO.Oh 

1 
I 7H -1 JI 1~,~~, Ampli~r 6A6 I Twin triode amplifier 

6A7] Pentagrid convt•rterd 7C / H 6.3 0.3 Converter 

For other c-h,uacteristirs, rrfpr to Type 6~7-GT/G. 

For other characteristics, refer to Type 6A8. 

-----I I---I-__ -I- ~I I_ 1100 I - 1.51.50 I 1 31 1.1 I 600,000
1 Anode-grid (#2): 25()c max. volts, 

2.'iO - 3.0 100 2. 7 3.5 360,00014.0 ma. 9,cilw.tor-grid (#!) resisjor.' 

I I 
ConversJOn trarJ.Scond., 550 m.1cro-
mhos. 

·--,---,--•--,---1-------1-------'---''---'----'-----~------------

6AS / Pentagrid converter• SA H 6.3 / 0.3 I Converter 

F 6.3 I 1.0 I Amolifier For other characlPristics, rofer to Type 6A3. 6R4-G Power amplifier triodr / G-.58a 
- -1--1--1--1-----

6R7 Duplcx-cliode pentode 7D H 

-·--1-----
6BS-G Duplex-<liode pentode G-8F) H 

5.3 I 0.3 / Penlode unit a.s 
amplifier 

For other characteristics, refer lo Type 6BS-G. 

a.3 I o.3 Pentode unit as r-1 'ioo I -3.0 1100 I I. i I 5.8 II- 30~,00'll 95~ I 
aruplifier 250 - 3.0 125 2.3 9.0 600,000 1,125 

-----·· --
Pentor1c unit as a--f I 90• I Co.th~ b);)s. 3,500 ohms. Screen resistor -= 1.1 lnf'K.} Grid resistor/ { Gain per ~tagc = 55 
amplifier 300iz Cath, bias, 1,000 ohms, Screen resistor = 1.2 mC'g. 0.5 megob1n. Gain per Etage -. 79 

-- · 1--------j , __ ,_ 
250 - s.o I I S.0 I 10,0001 2,000 I 20 6C5 Detec-tor 0 amplifir.r 

triode 
6Q H 6.3 I o.3 

Class A amplifier 

Bias detector 

90• I Cath. bias, 6,400 ohms.1 
300• Cath. bia., 5,300 ohms. ! Grid rr.sistor ,I 0.25 m&gobm, f Ga.in per stage = 11 

l Gain per stage = 13 
---------

250 I -17,0 approx. Plate curren~ to be adjuste.d to 0.2 milliampere wi!h no signal. 

-..J 
cr, 
cr, 
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--
6G8-G I Twiu triode nmplificr G-8G H 

6D6 I Triple-grid super- GIi' H 
control amplifier 

--
6E5 I Electrou-ray tube 6R H 

--
6.3 0.3 Each unit as 

amplitier 

6.3 0.3 Amplifier mixer 

--
6.3 0.3 I Visua.l indicator 

2.,0 I - 4.5 I 1--=-13.2122,50011,0001-36 1-=-1--
.£1,or••ther characteristics. refer Lo Type 6U7-G. 

Plate and ',nrget supply = 100 volts. Triode plate resistor • 0.5 meg_ Target current = 
I.Oma. 

Grid bias, -3.3 volts; ~hadow angle, 0°. Bias, 0 volts: angle1 90°j plnte currC'nt, 0.19 ma. 

Plate nud tnrgct supply = 250 volts. Triode plate resistor • 1.0 meg. Target current = 
4.0 mn. 

Grid bias, -8.0 volts; shadow angle, 0°. Bias, 0 volts; angle, 90°; plate current, 0.24 ma. 

6F6 I Power amplifier pen- I 7S 1~1~1~'1 Amplifier I For other ehnracteristics, refer to Type 6F6-G. 
tode I 

6F6-G P;;::;:r amplifier peu-
1 

G-7Si 1~1 6.3 I 0. 7 Pentode clas.; A 
amplifier 

6.5 
7.0 

34.0 
38.0 

1 .ooo I a.2 
7,000 4.8 

Triodern class A I i---,--,---•---•---•---,---, 
250 ~ 250 
28~ -20.0 ~ 

250 I -20.0 I - 31.0 

80,0001 2,500 
78,000 2,550 

2,6001 2,600 6.8 I 4,000 I o.85 
amplifier 

l'entode push-pull 
claas A amplifier 

315 
315 

j Catb. bia.s j 285 
-24.0 285 

Pcntode push-pull I 375 I Cath. l>ias I 250 
class AB,amphficr 375 -26.0 250 

Triode push-pull I 3.10 
class AB, amplifier 350 

Cath. biru, 
-38.0 

1-----1------- l--'--1- -1------1--1----< 
606-G Power amplifier p(•n­

todc 

--- ---
12.0' 62.0• Cath. bins resistor, 320 ohms• 10,000 10.5' 
12.0' 62.0• 

I 
10,000 11.01• 

- - I ----- ---
8.01 54 O• Ca.th. hia.s resistor, 340 ohms' 10,000 19.0' 
5.0' 34 o, 

I I 
10.000 18.5' 

- - -
50. O' j Cath. bins rc,;istor, 730 ohms• 10,000 I 9.0• 

- I 48.0i 6,000 )3.0k - I - -------------___ , 

6116 

G-7Si I H I 6.3 0.151 Peutod~ class A 13,i ~6.0 135 2.0 11.5 11g,000

1

2, 100 _ 12,000 0.6 

I 

omphncr _ 180 - 9.0 ISO 2.5 15.0 170,000 2,300 _ 10,000 I.I 

--1--l·--1---:·~~l(~gr;erelass A 180 -12.0 - - 11.0 4,7.10 _2,000 9.S 12,000 0.25 

, Twin diodo 7Q H 1 6.3 0.3 I Voltage rlouhlcr I Max. a-e supply volts per plate (nus), 1,50 :.lax. d-c output 8 ma. 
Tot.[ effect. plate supply imped. per plate: hnlf-wnve, 30 ohms; full-wave, 15 ohms. 

Half-wave rectifier ).1ax. a~ plate vo'ts (rm:s) 1 HiO Min. total effective plate-sup11ly imped,nce: up to 117 
Ma.. d-e output nm., 8 per plate volls, 15 ohms; at 150 volts, 40 ohws. 

6J5 I Octcctor :m,plificr 6Q l-1-J -1~1U,31 Class A amplifier 90 I 0 

I 
-

I 
-

110.0 I 6,7001 3,000 I 20 

I 
- l -

triode 2.'\0 - 8.0 - - 9.0 7,700 2,600 20 - -

:::... 
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RCA type Na.me 
S-Ocket 

Cathode type and 
ratiug 

c~i~n:t ]----,-,---
C. T. I Volts I Amp 

-G. 7 J Triple-grid detector J~j ~ 
amplifier 

6-:S[o.3 

G-5U II 

Use 
Values to right give 

operating con­
ditions and 

characteristics for 
indicated typical 

use 

''-"I I • • b Scr('('D 
sup- Grtd bias, I supply, 
ply, volts volts 
volts 

Screen Plate 
CUT• cur-
rent, rent, 
ma ma 

i.aair Trans-
A-c plate conduct,.. 

Ampli- for Power 
resist- ance 

fication stated output, 
anc<', (grid- factor power watts 
ohms plate), outputt 

µmLos ohms 

Pentoil<,class A I 100 I - 3.0 1100 1~,-2.0 11,ooo,000·11,IM1---=-!----=--=-
r-f amplifier 250 - 3.0 100 0.5 2.0 1.0 +' 1,225 ! 

Pentode class A ~ -go;- Cath. hias, 2,600 ohms. Screen rc'Sistor - 1.2 meg.) Grid re- { Uam per stage = 85 
amplifier 30J'l Cath, bias, 1,200 ohms. Screen resistor= 1.2 meg. f sistor/ 0.5 Gain perstage = 140 

megohm. 
Pentode bias de- 250 

tector 
Triodem class ,\ 180-
amplifier 250 

--
100 

- 4.3 100 

- 5.3 
- 8.0 

Cathode cur­
rent 0.43 ma. 

- , 5.3 
6.5 

Plate resistor, 500,000 ohms, 
Grid resistor ,I 250,000 ohms. 

11,0001 1,SOO I 20 
10,500 1,900 20 

-1---1--,----,---•---•---,--

I 

6K.;.G High-mu triode 6.3 I O.:l I Class A amplifier 

. -1-----1---<---l---+----
250 

_ 1.5 I I _ I 0.35I 78.000 900 
-11-----3.o - - 1.1 s_o_,0_00+_1_,4_0_0_1----1----1----1 

70 
70 

6K6-GT/G 

6K7 

Power amplifier pen- I G-7Si 
tode 

H 6.3 I o.4 I Single-tube cbss A 100 
amplifier 250 

315 
Push-pull class A I 200 
amplifier 285 

- 7.0 100 1.6 9.0 104,DCOl l,500 I 12,000 0.35 
-18.0 250 5.5 32.0 68,000 2,300 - 7,600 3 40 
-21.0 250 4.0 25 5 75,000 2,100 9,000 4 50 
-25.5 285 9.0' -55.Qi ..:...- - - 12,000 10.5• 

Cath.bias 285 9,()i .'i5.()i,-_______ · · 12,000 9.S• 
Cath. bias rc~istor, 400 obmsi 

1-.------1---1--1---1----I ----1--1-----1---1--1--1--
2.1 1 9.5 I 150,000I 1,650 I -Triple-grid super­

control amplifier 
m H G.3 I 0.3 I c1 ... A amplifier [ ~~~ 

~ixer in.ruver- I 250 
heterodyne 

- 1.0 
- 3.0 
-10.0 

100 
125 
100 

2.6 10 5 600,000 1,650 
· Oscillator peak volts - 7.0 

1-----1-------- ,--,- -- -1-----1 1----1--1--1-- ' 
- ' - ' 3 5 11,30011,500 117 ' - -GL5-G G-6Qi H 6.3 I 0.15 IClassAamplifier 13.s 

250 
- 5.0 
- 9.0 

GL6 

Detector amplifier 
triode 

Beam pow9l' amplifier 7AC H 6. 3 I O. 9 I Single-tube class A I 250 
amplifie, 250 

1---1--1--1--1-- ----1--. -14.0 [----+:--=:-::=::;:;;:: Cat!i. bias 

Push-pull class A I 270 
amplifier 270 

Push-pull elass AB, I 360 
amplifier 360 

Push-pull class AB, 1360 
amplifier 360 

' Single-triode~ class 250 
A amplifier 250 

-17.5 
Cath. bias 

-22.5 
Cnth. bias 

=-iso 
-22.5 
-20.0 

Catb. bias 

8 0 9,000 1,900 17 
----------

250 I 5.o 
1

12.0 - - - I 2.soo 6.5 
250 5.4 n.o ,------~--- 2,soo 6.5 

Cath. hias resistor, 170 ohrns. 
•--·-•-- -

270 11.0' 134,()i I I - - 5,UUU 1·i ,bn 
270 11,0i 134.0' 5,000 18 5' 

Cath. bias resistor, 125 ohms.i 
270 ~ 8S.<l' - I - I 6,600 26.fii, 
270 5.0' 88.0' 9,000 24 .5• 

Ca.th. bias rPSi~tor, 250 ohms.i 

225 -rr 78]i. 

~7001 4~00 I 
6,000 31.Qh 

270 5.0' 88.0' 3,800 47.0• 
- - 40.0 8.0 --5,000 14 

40.0 6,000 1.3 
Catb. bias resistor, 490 ohm~. 

-1 
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00 

t:;: 
t,, 
Cl.) 
~ 
~ ..., 
...... 
::,.. 

s: 
c:, 
'::::: 
~ 
::,.. 
b ...... 
0 



, __ -- -
617 Pentagrid mixe~ 7T H 6.3 0.3 Mixer in super- 250 

amplifier heterodyne 

Class A amplifier 250 
-------

6N7 Twin triode amplifier SB H 6.3 0,8 Amplifier 

6N7-GT/G Twin triode amplifier G-8Bi H 6.3 0,8 Class A amplifier 250 
(as driver)• 294 

Class B amplifier 300 

----
6P5-GT/G Detector amplifier G-6Q; H 6.3 0.3 Cl ... A amplifier 100 

triode I 250 

90p 
30QP 

Bias detector 250 

---------
6Q7 Duplex-diode high- 7V H 6.3 0.3 Triode unit as class 100 

mu triode A amplifier 250 

90• 
300a 

-------
6R7 Duplex-diode triode 7V H 6.3 0,3 Triode unit as rJa..~s 250 

A amplifier --· 
90P 

300• 
~ ------

6S7 Triple-grid super-con- 1 7R 

: I ::: 

0. 15 Class A amplifier 135 
trol amplifier · 250 

-------
o.:liMixcr 6SA 7 Pentagrid converter' 8R 100 

I 250 

6SA7-GT/G I Pentagrid converter' UT-RAD 

I _I ----
H 6.3 0.3 : Mixer 

----
6SF5 : High-mu triode 6AB H 6.3 0. 3 Class A amplifier 100 

250 

oo, 
300• 

--
6S~'7 Diode super-control 7AZ H 6.3 0,3 Pcntode unit "'' 100 

amplifier pentode cli.ss A amplifier 250 

- 3,0 100 7 .1 2.4 Oscillator-grid (/13) bias, -10 volts. 
Grid #3 peak swing, 12 volts minimum. 
Conversion transeond., 37 5 micromhos. ----

- 3.0• 100 6.5 5.0 600,0001 1,100 1 - I - I -
~'or other choracteristics, refer to Type 6N7-GT/G. 

I - 5.0 - - 6.0 l 11,3001 3,100 I 35 20,000 exceerui 
- 6.0 7.0 11,000 3,200 35 or more 0.4 

C 
--- ,-

- Power output is for one tube at 8,000 10 ,0 
staled plate-to-plate load. ,-

! - 5.0 - - 2 51 12,0001 1,150 I 13.8 - -
-13.5 5.0 9,500 1,450 13.8 

Cath. bias, 6,500 ohms.} 
Cath. hiaa, 6,400 ohms. Grid resistor/ 0.25 megohm, { Gain per stage = 9 

Gain per stage = 10 

{ -20 o} - - Plate current to be adju,,ted to 0.2 milliampere with no 
app'l'OX. signal. 

---

l - 1.0 - - o 8 I 58,000] 1.200 I 70 I - -
- 3,0 1.0 58 .o~o 1,200 70 

Cath. bias, 7,600 ohm.,. j 
Cath, bias. 3,000 ohrns 

Grid rr,~-;istor/ 0.5 megohm. { Gain per stage = 32 
Gain per stage = 45 

- 0.0 I - I - I 9 5 I 8,500j 1,900 I 16 I - I -
Cath. bias, 4,400 ohms.} 
Cath. bias, 3,800 ohms. 

Grid resistor/ 0.25 m~gohm. { Gain per stage = 10 
Gain per stage = 10 

I - 3.0 67 .5 0. 9 3. 7 1,000,000 1,250 I -
! 

- -
- 3.0 100 2.0 8.5 1,000,000 1,750 

-----
Self- 100 8.5 3.3 500,000 Grid #1 Resistor, 20,000 ohms. 

excited 100 8.5 3.5 1,000,000 Conversion Transcond., 450 micro-
mhoo, 

For other cbarar:teristics, refer to Type 6SA7. 

I I I 
o.4 I ss,ooo' I I 

- 1.0 - - 1,150 I 100 - -
- 2,0 

I 
0.9 I 66,000[ 1,500 100 

Cath. bias, 8,800 ohms. } 
Cath. bia.s, 3,200 obrns. 

Grid resistor/ 0.5 megohm. { Gain per stage = 43 
Gain per stage = 63 

I I I - 1,0 I 100 3.4

1

12.0 I 200,0001 1,9751 - - -
- 1.0 100 3.3 12.4 700,000 2,050 

pc.. 
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RCA type 

6~G7 

6SJ7 

Name 

11-f amplifier pl'ntodc 

I 

Triple-grid detrl'tor 
amplitier 

Socket 
connec­

tions 

Cnthode type ood 
rating 

C. T. I Volts I Amp 

8BK 1-H- T3 ""o.'3 

--1-1-
ll.3 

Use I 
Values to_ right give Pint 

ditions and sip>-
ebaracteristics for Pr~ 
indicated typical vo 

] Trn1u, .. I 
L~d I I 

S I Screen I Plate I A-e plate leonduct-1 A I' ~t~~~d Powrr Grid bin.,;;,h ~ crrcn cur- cur- resist- ance mp l-
volts l s~pftsy, rent, rent, anc€, (grid.. f}c8

~
1°'1 pOWl'f output, 

0 ma ma ohms pla.te), ac or output, watts 
µ111bos ohms 

op~ratmg con- I e 

use I 1 

Class A amplifier [ 10! - 1.0 100 3.2 I 8.21 2/il,lXll 4,100 i - I - I - ' 
250 - IO 125 4.4 , 11.R !lll,000 4,700 

Class A amplifier 

250 - 2.5 150 3.4 ! !l.21 l.0-'-' 4,000 

100 I _ 3 o 100 o.o J 2.n ;on,ooo 1.5751 - I - I -
250 - 3.0 100 0.8 3.0 l o+• , l,650 

00·1 
300·1 Grid rf'Sistor,I 0.5 mC'gohms. j <1ain l)('r stag<' = 93 

l Gain per stage - 167 

"' H Io.,' 
C;nth. l,ia.s, 1,700 ohms.} 
( ath. b1'cs, 800 ohms. 

1---------- 1--:--1--1-----1 I , 1 

I '·" I "" I '"·"'I '·"" hi-' -I -6SK7 
coutrol amplif.<-r 250 

- 1.0 1100 
- 3.0 100 2.G 9.2 8110,000 2,000 [ 

1 
Triple-~rid super- I s:,; I H 16.31 0.31 Class A amplifier I 100 

1----1----------------- --- --------i >----I--1-=-10Ai 110,0001~ 100 1---1----=-6SQ7 Duplex-diode high- SQ H 6. 3 0. 3 Triode unit as class 100 
mu triode A aU1plilier 250 

- 1.0 I -
- 2,0 0.9 91,000 1,100 1ll0 

90, I Cath, bi•s, 11,000 ohms,\ 
1-----_______ _, I--I--I--I-------, 300, i Cath. bio.s, 3,1)00 ohms. 

Grid rcsi11tor/ 0.5 m('gohm. 

- 1.5 I - I - I 0.9
1 

65,000I ,.ooo I 65 
65 

f Gain per stage = 40 
l Gain per sing, = 53 

6T7-G Duplex-diode high­
mu t,riodo 

G-7V; H 6.3 0.1~ Triode uuit as elnss 
A amplifier 

135 
250 - 3.0 1.2 62,000 1,050 
--I-----'----'---'--
90, I Cath. bias, 8,300 ohms.\ 
300, Cath. bias, 4,5<0 ohms. J Grid resi~tor / 0.5 mrgohm. { 

Gain Pl'r stage c:: 30 
Gain per stage = 40 

6l"5,'tiG5 I Electron-my tube OR 1-,-I -1~10:a-f Visual indic•lor I Plate ~nd target supply - 100 volts. Triode plate r96istor ~ 0.5 rnrg. Targrt eurreut = 
l.O ma. 

ot:i-G I Triple-grid ~upcr-con-1 G-7Ri 1H1~1o:a-1 Class A amplifier 
trol 1uupl1fier 

Mixer in super-
het.rodyne 

Grid bins
1 
-8 volts; shadow an~le1 0°. Bias, 0 volts; angle, 90°; plate currl'nt, 0.19 01:1. 

Plate and target supply = 250 volts, Triode plate rc-sistor = 1.0 meg. Target ourront = 
4.0 nm. 

Crid bins, -22 volts; sk1dow angli\ 0°. Bias, 0 ,·olts; au~le, ooc..; platr current, 0.24 ma, 

' S.O I 250,0001 1,500 I - I - -
8.2 ~00,000 1,600 _ 100 I - 3.0 I LOO I 2,2 250 - 3.0 100 2.0 -Rf--100 -10.0 100 

250 -l0.0 100 
O.rillotor peak volts ~ 7 .0 

6VO Brarnpowcrnrnplifirr 7AC H 6.3 0.45 Amplifier -,-,-,-,-
ti\'ti-GT.'G I Beampowc.ramplificr G-iAC; H 6.3 0.45 Singlc-tu\,c class A 

l•'or othC'r cbaractocistics, refer to TypC' 6V6~GT/G. 

ampli6<r 
180 
250 
3lS 

- 8.5 
-12,5 
-13.0 

~-----1--1---
Push-pull closs AB, I 250 
amplifi('r 2~~ 

-15,0 
-19,0 

2SO 4.5 45 0 52,000 4,100 - 5,000 4 5 11~0 I 30120 0 I 58,0001 3,iOO I - , 5.500 2 0 

225 ,__:_:_,~, 11,000, 3,750 ,----_ 8,500 ~ 

1250 I 50'170.0'I - I - I 110,000 100• 
285 4.0• iO.O' - - - 8,000 14.0' 

-1 _, 
0 

t,:j 

~ 
t"l 
~ 
~ 
...:; 
:,.. 

~ 
~ 
;:;:, 
::c.. 
S:; 
a 



----
7A5 Beam power amplifier 6AA H 6.3 0. 7 

- - -
7A7 Tripi.,-grid super-

control amplifirr 
sv H 6.3 0.3 

----
7A8 Octode converter BU H 6.3 0.15 

---·-
iB5 Power amplifier pen- 6AE H 6.3 0.4 

lode 
-------

7B6 Duplex-diode high-
mu triode 

! 8W H 6.3 0.3 

----
7B8 Prmtagrid converter BX H 6.3 0.3 

---- ·---------
7Y4 Full-wave rectifier 5AB H 6.3 0.5 

12SA7 Pentagrid converterz SR H 12.6 0.15 
-· ------

12SG7 H-f amplifier pentode 8BK H 12. 6 0.15 
·-- -------

12S1{7 Triple-grid super-
controJ amplifier 

s:-r H 12.6 0. 15 

-------
12SQ7 Duplex-diode high-

mu triode 
SQ H 12. 6 0.15 

---··--- -------
12Z3 Half-wave rectifier 4G H 12. 6 0.3 

---------
24-A R-f amplifier tetrode 5E H 2.5 1. 75 

----
25A6-GT/G Power amplifier pen-

tode 
G-781 H 25.0 0.3 

--··-· -
25L6-OT/G Beam power amplifier G-7ACi H 25.0 0.3 

Claas A amplifier 

--- - - -
Class A amplifier 

Converter 

-· -
Class A amplifier 

---- --
Triode unit ~ 

amplifier 

Converter 

With condenser-
input filler 

With 
filter 

choke-input 

.Mixer 

Amplifier 

Amplifier 

Triode unit as 
amplifior 

·with condenser in-
put filter 

----- --
Screen-grid r-f 
amplifier 

--------· 
Bias detector 

Class A amplifier 

Amplifier 

---1 
13.0140.0 I 110 - 7.5 I 110 14,00~1 5,800 1-=-12,5001-1.5 12,5 - 9.0 125 3.3 44.0 17,000 6,000 2,700 2.2 

For oj.lrer characteristics, refer to Type 6SK7. 

100 

I 
- 3.0 I 75 

I 
2. 71 1.81 650, 0001 Anode-grid (#2) · 250< max. volts, 

250 - 3.0 100 3.2 3.0 700,000 1.2 ma. Osc1llator-gr1d (#~ re-
sistor. r Convennon transcon ., 550 
micromhos 

For other characteristics, refer to Type 6K6-G1'/G. 

For other characteristics, refer to Type 6SQ7. 

For other characteristics, refer to Type 6A8. 

I :-.fax. a-c volts per plate (rms), 325 I :-.fax. d-c output ma., 60 
:.fax. peak inverse volts, 1,250 ~ax. peak plate ma., 180 

Min. total effect. supply 
imped. per plate, 150 
ohms. 

:-.fax. a-c volts per plate (rms), 450 I Max. d-c output ma., 60 Min. value of input choke, 
Max. peak inverse volts, 1,250 Max. peak pla~ -~a., 180 10 henries 

For otlrer characteristics, refer to Type 6SA7 . 

For other characteristics, r!'fer to Type 6SG 7. 
-

For other characteristics, refer to Type 6SK7. 

For other characteristics, refer to Type 6SQ7, 

I Min. total effertivc plate-supply impedance: up to 117 :>.fax. a-c plate volts (rms), 235 
I '.lfax. d-c output ma., M ; volts, 0 ohms; at 150 volts, 30 ohms; at 235 volts, 75 

ohms. 

180 - 3 0 90 1. 7, 
4 o I 400' 0001 1.000 I - I - I 

-
250 - 3.0 90 1. 7, 4.0 600,000 1,050 I --

250" { - 5 o l 20 to - Plate current to be adjuated to 0.1 milliampere with 
approx. 45 -1~•]. __ ~-1-95-95 4 0 20.0 45,000 2,000 - 4,500 0.9 

160 -18.0 120 6.5 33.0 I 12.000 I 2,3751 I 5.000 I 2.2 

For other characteristics, refer to Type 50L6-GT. 
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Cathode type and Use 
rating Values to right give 

Socket operating con-
RCA type Name connec- ditions and 

tions chars.cteristics for 
C. T. Volts Amp indicated typical 

use 

----
25Z5 Rcctifier-dou bier 6E H 25.0 0 3 Rectifier-doubler 

-------·-
25Z6 Rectifier-doubler 7Q II 25.0 0.3 Voltage doubler 

Half-wa.ve rectifier 

----· 
27 Detector4 amplifier 

triode 
5A H 2.5 1.75 Class A amplifier 

Bias detector 

----
30 Detector• amplifier 4D D.C. 2.0 0.06 Amplifier 

triode F 
---·-- ··--- -·------- - ··-----
3516-GT /G Beam power amplifier G-7ACi H 35.0 0.15 Single-tube class A 

amplifier ---------- -· 
35Z.1 Half.wave rectifier 4Z H 3S.0 0.15 With condenser-in-

put filter 
----

35Z4-GT Half-waYe rectifier G-5AA H 35.0 0.15 With condo.nscr-in-
put filter 

-----· -----
35Z5-GT/G Half-wave rectifier. G-6AD H 35.0 0.15 With condensw.r-in-

Heater tap for pilot put filter 

----------
42 Power amplifier pen-

lode 
6B H 6.3 0. 7 Amplifier 

43 Power amplifier prn- 6B H 25.0 0.3 Amplifier 
tode ----

45 Power amplifier triode 4D F 2.5 1.5 Class A amplifier 

Pusb-[ull class AB, 
amp ifier 

Traos- Load 
Plate Screen Plate A-c plate conduct- for 
sup- Grid bias,• Screen 

Cut• cur• resist- aoce Arnpli- stated Power 
ply, volts oupp]y, rent, rent, (grid- fication output, 

volts ance, factor power watts volts ma ma ohms platel, output, 
µlllhoS ohms 

For other ratings, refer to Type 2526. 

~lax. a-c volts per plate (rms), 117 
11ax. d-c output ma., 75 

1lio. total effective plate-supply impedance: half-
wave, 30 ohms; full-wave, 15 ohms. 

1fax. a-c volts per plate (rms), 235 
~fax. d-c output ma. per plate, 75 

~!in. total effect. supply in1ped. per plate: up to 117 
volts, IS ohms; at 150 volts, 40 ohms; at 235 volts, 
100 ohms. 

135 - 9.0 - - 4.51 9,0001 1.000 I 9.0 I - I -
250 -21.0 5.2 9,250 975 9.0 

250 { -30.0} - - Plate current to be adjusted to 0.2 milliampere with no 
approx. signal. 

For other characteristics, refer to Type 1H4-G. 

I I 
110 

I - 7 5 1110 3.0 I 40.0 I 14 ,0001 5,800 I - 2,500 I 1.5 
200 - 8.0 110 2.0 41.0 40,000 5,900 4,500 3.3 

For other ratings, refer to Type 35Z4-GT. 

Max. a-c plate volts (rms), 235 
~lax. d-c output ma., 100 

I Min. total effective plate-supply impedance: up to 117 
volts, 15 ohms; at 235 volts, 100 ohms. 

1lax. :,,.c plate volts (r1ns), 235 Min. total effect. plate-supply imped.: up to 117 volts, 15 
ohms; at 235 volts, 100 ohms. :,.fax. d-c output ma.: with pilot and no shunt res., 60; with 
pilot and shunt res., 90; without pilot, 100. 

For other characteristics, refer to Type 6F6-G. 

For other characteristics, refer to Type 25A6-GT/G. 

180 I _,,' I - I - " . I . ""I ' ·~ I , , I ' ,oo I •.• 275 -56.0 36.0 1,700 2,050 3.5 4,600 2.00 
----· ------ -·----

27.i Cath. bias, 77.1 obws• 36.0' - - - 5,060 12.0' 
275 -68.0 volts, fixed bias 28.0' 3,200 18.0' 

--.J 
--.J 
t,:) 

~ 

~ 
~ 
~ 
~ 
t°"' 
V.J 
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"'1 

~ 
;,,.. 
:::, ..... 
a 



----
50L6-GT Beam power amplifier G-7Af') H 50.0 0.15 Single-tube class A 

amplifier ----
75 Duplex-diode high- 6G H 6.3 0.3 Amplifier 

mu triode 

77 Triplo-r.id detector Class A amplifier 
ampli er 

6F H 6.3 0.3 -------
Bias detector 

----------
78 Triple-erid super-con- 6F 

trol amplifier 
H 6.3 0.3 Amplifier mixer 

_4_C_i F 

--
80 Full-wave rectifier 5.0 2.0 

·- ·-
81 Half-wave rectifier 4B F 7.5 1.25 With condenser-in-

put filter 
-------

117L/M7-GT Rectifier-beam power SAO H 117 0.09 Amplifier unit as 1 

amplifier class A amplifier -------
Half-wave rectifier 

----
117N7-GT Rectifier-beam power 

amplifier 
8AV H 117 0.09 Amplifier unit as 

class A amplifier 

Half-wave rect.ifier 

--,---- ---··· 
117Z6-GT/G Rectifier-doubler G-7Qi H 117 0.075 Voltage doubler 

Half-wave rectifier 

----
VR 75-30 Voltage regulator I 4AJ Cold - - Regulator 

I -----· -- --
VR 105-30 Voltage rcguhtor 4AJ Cold - - Regulator 

-----
VR 150-30 Voltage regulator 4AJ Cold -· - Regulator 

I 1-1--1-1-1-110 1--=rn 110 4.0 49.0 13,000 9,000 - 2,000 2.1 
200 - 8.0 110 

' 2.0 50.0 30,000 9,500 3,000 4.3 

! For other characteristics, refer to Type 6SQ7. 

I 100 - 1.5 60 0.41 1.7 600,000 1.100 I - I -

I -250 - 3.0 100 0.5 2.3 LO+' 1,250 

250 - 1.95 50 Cathode cur- - Plate resistor, 250,000 ohms. 
rent 0.65 ma. Grid resistor/ 250,000 ohu:s. 

For other characteristics, refer to Type 6K7. 

For other ratings, refer to Type 5Y3-GT /G. 

Max. a-c tate volts (rms), 700 
Max. pea inverse volts, 2000 

:\fax. d-c output ma., 85 
:\fax. peak plate ma., 500 

105 I - 5.2 1105 I 4.0 43.0 I 17,~ I 5,300 -
I 4,000 i 0.85 

Max. a.-c t•te volts (rms), 117 
Max. pea inverse volts, 350 

Max. d-c output. ma., 75 
Max. peak plate ma., 450 

Min. total effect. plate-
supply imped., 15 ohms. 

100 I - 6.0 1100 I 
5.0 51.0 I 16,000 I 7,000 -

I 
3,000 I 1.2 

Max. a-c plate volts (rrns), 117 
:Max. peak inverse volts, 350 

Max. d-c output. ma., 75 
Max. peak plate rm., 450 

Min. total effect. plate-
supply iwpedance, 1.5 
ohms. 

Max. a-c volts per plate (rrns), 117 
Max. d-c output ma., 60 

:vt:in. total effective plate-supply imhedance per plate: 
balf-wave. 30 ohms; full-wave, 15 o ms. 

·-
:vt:ax. a-c volts per plate (rrns), 235 
:\fax. d-c output ma. per plate, 60 

Min. total effect. supply imped. per plate: up to 117 
volts, 15 ohms; at 150 volts, 40 ohms; at 235 volts, 100 
ohms. 

:',!in. d-c starting supply volts, 105. 
D-c operating volt~, 75. I 

D-c operating ma., 5-30. 

Min. d-c starting supply volts, 127. i D-c operating ma., 5-30. 
D-c operating volts, 10.5. ! --

I 
Min. d-c starling supply volts, 180. D~c operating ma .. 5--30. 
D-c opcratiog volts, 150. 

~ 
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APPEXDIX XVI 

RESISTANCE-CAPACITANCE-COUPLED AMPLIFIER CHART 

The purpose of this appendix is to provide the data re<1uirerl for resistance­
capacitancc-couplcd amplifiers referred lo in the text, questions, and prohlems. A 
more complete list may be found in a tube manual. 

Cb = blocking capacitor, µf 

Ck = cathode hy-pass capacitor, µf 
C, = screen-grid by-pass capacitor, µf 

Ebb = plate-supply voltage, volts 
E. = voltage output, max. value 

Ebb 90 

R, 0.1 0.25 0.5 0.1 
----------

n. 0.25 0.5 l 0.25 0.25 
n. 0.5 1.1 2.8 0.5 1.18 
Ilk 2200 3500 6000 1200 1900 
c, 0.07 0.01 0.0-1 0.08 0.05 
Ck 3 2.1 1.55 4.4 2.7 
Cb 0.01 0.007 0.003 0.015 0.01 
EC> 28 33 20 52 39 
VA 33 55 85 '11 55 

Rk = cathode resistor, ohms 
R 2 = screen-µ;rid resistor, megohms 
R0 = grid resistor, megohms 
R, = plate resistor, megohms 

VA = voltage amplification 

6B7 

180 

I 
300 

I 0.25 0.5 0.1 0.25 0.5 
--------

0.5 1 1 0.25 0.5 1 
1.2 1.5 2.8 0.55 1.2 2.9 

2100 2200 3500 1100 moo 2500 
0.06 0.05 0.0-1 0.01.l 0.06 0.05 
3.2 3 2 .5 3.5 2.3 

0.007 0.003 0.003 0.015 0.008 0.003 
55 53 .. ,J,) 81.l 100 120 
60 83 115 47 79 150 

605, 6C5-G (fl,J7, 6J7-G, 6J7-GT, 12J7-GT AS TRIODES) 

Ebb 90 180 300 

R, 0.05 0.1 0.25 0.05 0.1 0.25 0.05 0.1 0.25 
---- ---- --- ------

Ra 0.1 0.25 0.5 0.1 0.1 0.25 0.5 0.5 0.1 0.25 0.5 
Uk 3400 6400 14.'>00 2700 3900 5300 6200 12300 2600 5300 12300 
Ck 1.62 0.84 0.4 2.1 1. 7 1.25 1.2 0.55 2.3 1.3 0.51.l 
Cb 0.025 0.01 0.006 0.03 0.035 0.015 0.008 0.008 0.04 0.015 0.008 
l!i'o 17 22 23 45 41 54 55 52 70 84 85 
VA 9 I 11 12 ]] 12 12 13 13 11 13 14 
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6J5, fiJ5-G, 6J5-GT, 12J5-GT 

Ebb I 90 180 300 

Re , 0.05 0.1 0.25 0.05 0.1 0.25 0.05 0.1 0.25 
-~'------ ----- ---·~ ---
R, I 0. l 0.25 0.5 I 0.1 0.1 0.25 0.5 0.5 0.1 0.25 0.,5 
R. 2070 3940 9760 1190 2330 2830 3230 7000 1270 2440 5770 
Ck 2.66 1.29 0.5,5 2.86 2.19 l .3.'i 1.15 0.62 2.96 1 .12 0.64 
c. 0.029 0.012 0.007 0.032 0.038 0.012 0.006 0.007 0.034 0.012.5 0.0075 
E. 14 17 18 30 26 34 38 36 51 56 57 
VA 12 13 I 13 13 14 14 14 11 11 14 14 I 

6J7, 6,J7-G, 6J7-GT, 12J7-GT (AS TRIODES, SEE 6C5) 

E •• 90 180 300 
- ---·-

Re 0.1 0.25 0.5 0.1 I 0.25 0.5 0.1 0.25 0.5 
---- ----- --------
R, ().25 0.5 1 0.2!> 0.25 0.5 1 1 0.25 0.5 1 
R2 ·0.14 1_.18 2.6 0.5 1.1 1.18 1.4 2.9 0.5 1.18 2.!) 
R. 1100 2600 5500 · 750 , 1200 1600 2000 3100 450 1200 2200 
C2 0.05' 0.03 0.05 0.0,5 0.04 0.04 0.04 0.02.5 ·0.01 0.04 0.04 
Ck 5.3 3.2 2 6.7 5.2 4.3 3.8 2.5 8.3 5.4 4 .1 
Cb 0.01 0.005 0.002/i 0.01 0.008 0.005 0.0035 0.0025 0.01 0.005 0.003 
E. 22 32 29 .52 41 60 60 56 81 104 97 
VA 55 85 120 6!) !)3 118 140 165 82 140 350 

6X7, 6X7-G 

Ebb 90 180 300 
.. - ---·--· 

Re 0_l 0.25 0.5 0.1 0.25 0.5 0_l 0.25 0_5 
---- --·· - . -- - - --------
R, 0.25 0.5 1 0.25 · 0.25 0.5 1 1 0.25 0.5 1 
R. 2250 4950 8500 1700 I 29,50_ 3800 4300" 6600 _ 1500_ 3400 _ 6100 
Cb 0.01 0.006 0.003 0.015

1
0.0lo 0.007 0.0030

1

0.0030 O.Olo.0.0050 0.003 
E. 19 20 23 46 I 40 50 57 54 ! 83 I 87 94 
VA 19 22 23 21 23 24 24 25 I 22 I 24 24 

6S.J7, 12S.J7 

Ebb 90 I 180 300 
-

~1~-25_ Re 0.1 0.25 0.5. 0.1 0.25 0.5 0.5 
------ -·- - -

R. 0.25 0.5 1 0.25 0.25 0.5 1 1 0.25 . 0.5 1 
R, 0.29 0.92 1. 7 0.31 0.83 0.94 0.94 2.2 0.37 1.10 2.2 
Rk . 880 1700 3800 800 1050 1060 llOO 2180 530 860 1410 
C2 0.085 0.045 0.03 0.09 0.06 0.06 0.07 0.0-! 0.09 0.06 0.05 
c. 7.4 4.5 2.4 8 u.8 6.6 6.1 3.8 10.9 7.4 5.8 
Cb 0.016 0.005 0.002 0.015 0.001 0.00+ 0.003 0.002 0. OHi 0.00-1 0.002 
E. 23 18 22 00 38 47 5-! 44 !)6 88 79 
VA 68 93 119 82 109 131 161 192 98 167 238 
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E •• 90 

Re 0.1 0.25 0.5 
------ --

Ru 0.25 0.5 1 
Rk 6600 11000 16600 
Ck 1. 7 1.07 0.7 
c. 0.01 0.006 0.003 
E. 5 7 10 
VA 29 40 44 

E •• DO 
----------

R, 0.1 0.25 0.5 
I ------ ·--

R. 0.25 0.5 ] 

Hk 4750 8300 11200 
Ck 1.5 1 0.6 
Cb 0.012 0. 007T _ ()IH6 
IEo 7.8 10 12 
VA 24 30 33 

ESSENTIALS OF RADIO 

6SQ7, 12SQ7 

180 

0.1 0.25 0.5 
--

0.25 0.25 0.5 ] 1 
2900 4300 4800 5300 8000 
2.9 2.1 1.8 1.5 I.I 

0.015 0.015 0.007 0.004 0.004 
22 21 28 33 33 
36 43 50 53 57 

6T7-G 

180 

0.1 0.25 0.5 
-- --

0.25 0.25 0.5 1 1 
2830 ·4410 5220 5920 0440 
2.25 1.5 1.25 1.11 0.74 

0.0135 0.012 0.008 0.00.5 0.00-15 
29 27 34 39 39 
28 34 36 38 41 

300 

0.1 0.2,5 0.5 
------
0.25 0.5 1 
2200 3900 6100 
3 . .5 2 1.3 

0.015 0.007 0,004 
41 51 62 
39 53 60 

300 

0.1 0.25 0.5 
------

0.2.5 0.5 1 
2400 4580 8200 
2 .• 5.5 1.3.5 0.82 

0.0135 0.0075 0.0055 
58 69 77 
32 40 43 

(Courtesy of RCA Manufacturing Co.) 
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APPENDIX XVIII 

ANSWERS TO PROBLEMS 

~O'.C'E 1: Answers are provided for approximately 50 per cent of the problems. 
Except in a few cases, answers arc provided for the odd-numbered problems. Instruc­
tors using this texl can purchase a complete answer book from the publisher. 

N O'.C'E 2: As far as is practicable, all answers arc accurate to three significant 
figures. 

N O'.C'E 3: Answers to problems involving values obtained from curves are generally 
difficult to check accurately hecause of variations in reading the curves. In preparing 
the answer book, cn!ftrged drawings of the curves were used to aid in obtaining greater 
accura-cy. In most cases the values obtained from the curve for use in solving the 
problems have been included with the answers. 

Chapter I (c) 36 volts 
(d) 720 volts 

1. (a) 4.414 feet 7. (a) 56.9 µh 
(b) 1.345 meters (b) 719 µh 

3. (a) 0.177 second (c) 25,396 µh 
(b) 0.00268 second 9. (a) 0.237 
(c) The radio listener (b) 0.32 

6. 5.65 to 0.376 feet (c) 0.04 
7. 0.0941 foot 11. (a) 8635 ohms 
9. 570 kc (b) 15,700 ohms 

11. 4.89 to 4.56 meters (c) 23,550 ohms 
13. 7812 kc (d) 66,725 ohms 
16. (a) 3.02 meters 13. (a) 1500 ohms 

(b) 9.89 feet (b) 250 ohms 
17. 9340 (c) 1479 ohms 
19. 11,000 (d) 3.92 hcnries 
21. 0.0134 second 16. (a) 10 turns 
23. 60. 7 feet (b) 25 turns 

(c) 20 turns 

Chapter II (d) 3480 turns 
(e) 1740 turns 

1. (a) 2 watts 17. 6 plates 
(b) 1 watt 19. 494 µµf 

(c) l watt 21. 49.82 µµf 

(d) 50 watts 23. (a) 331.7 ohms 
3. (a) l sa-1.14 ma (b) 331.8 ohms 

lAs-7.74 ma (c) 0.331 amp 
(b) I sc-2.22 nm (d) 0.0301 

JAs-5.22 ma (e) 88.5 degrees 
6. (a) 12 mv (f) 1.095 watts 

(b) 12 volts 26. 1.93 µf 
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27. (11) 1G2.l ohms 
(b) isoo-0.G amp 

i,oo-0.75 amp 
iooo-0.5 amp 

(c) 11;00-1.85 amp 
(d) p,00-180 watts 

p400-225 watts 
P•oo--150 watts 

(e) P1;0 .-555 watts 
29. (a) Group 1-40 ohms 

Group 2-/i0 ohms 
Group 3-30 ohms 
Group 4-30 ohms 

(b) 150 ohms 
(c) 2 amp 
(d) 600 watts 
(e) e,-80 volts 

e2-80 volts 
e3-80 volts 
e,-100 volts 
e,-100 volts 
e .---60 volts 
e,-60 volts 
e,.-60 volts 

(f) i 1-0.5 amp 
i2-l amp 
i.---0.5 amp 
i,-0.667 amp 
i 6-l.333 amp 
i.-2 amp 
i,-1 amp 
i.--1 amp 

(g) p,-40 watts 
p.--80 watts 
p3-40 watts 
p,-66.7 watts 
p.-133.3 watts 
P•-120 watts 
p,-60 watts 
pa- 60 watts 

31. (a) 500 ohms 
(b) 5250 ohms 
(c) 7950 ohms 
(d) 2745 ohms 
(e) 36.4 ma 
(f) Z,-3010 ohms 

Z2-2650 ohms 
Z3-2258 ohms 
Z,--5300 ohms 

(g) e1-10!l.5 volts 
e2-96.4 volts 
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e3-82. 2 volts 
e,-192.\l volts 

(h) p, 0.331 watt 
p2-0.0265 watt 
Pa-0.265 watt 
p,-0.0397 mitt 

(i) 0.662 watt 
(J) p-f,-0.0830 

p-f2-0.0075 
(j) p-f,-0.0885 

p-f,-0.0056 
(k) 0,-85-degrce lag 

02-89.5-ckµ;ree lead 
0,- 85-<legrl'c lag 
o,-89.5-dcgrec lead 

(/) 0.182 
(m) 79.5-dcµ;rcc lead 

33. (a) 139.5 µµ.[ 

(b) 45 µ.µ.f 
(c) 13. 6 µ.µf 

35. (a) 289 µh 
(b) 2416 kc 

37. (a) 15.86 µµf 

(b) 1.96 me 
(c) 3.36 me 
(d) 3.77 me 

39. (a) 1138 µ.h 
(b) 274 
(c) 900,G38 ohms 
(d) 55.5 µ.a 
(e) 15.2 nm 
(f) 15.2 ma 

41. (a) 199 µ.h 
(b) 1083 
(c) 1.2 kc 

43. 10.48 kc 
47. (n) 2000 ohms 

(b) 2000 ohms 
(c) 1998.8 ohms 
(d) 1990 ohms 
(c) 1872 ohm~ 
(f) 1043 ohms 

49. (a) 7222 ohms 
(b) 25,120 ohms 
(c) 62,800 ohms 
(d) 235,500 ohms 

51. 4.24 henries 
53. (a) 63,600 ohms 

(b) 63G ohms 
(c) 628 ohms 
(d) 62,800 ohms 



66. (a) 63.6 ohms 
(b) The capacitor circuit 

67. (a) 7!1.5 ohms 
(b) The capacitor circuit 

69. (a) 80 henries 
(b) 111 ohms 
(c) 800 ohms 
(d) 720 henries 
(e) 900 ohms 

61. (a) 7.8 kc 
(b) 0.0384 
(c) 50 
(d) 39 

63. (a) 0.0375 
(b) 261.7 to 271.7 kc 
(c) 59.2 µ.µ.f 

66. (a) 500 ohms 
(b)_,800 ohms (k-1.60) 

67. (a) 0.00025 second 
(b) 0.0002 second 
(c) Xo 

Chapter III 

1. 1500 kc 
3. 4.99 µ.h 

6. 247 µ.µ.f 

7. 9938 kc 
8. 546 kc 

11. 10 µ.h 

13. (a) 334 µ.µ.f 

(b) 550 to 813 kc 
16. (a) 389 µ.h 

(b) 43.3 µ.h 
(c) 6.08 µ.h 

17. (a) 194.6 µ.µ.f 

(b) 194.6 µ.µ.f 

19. 39.3 µ.µ.f 

Chapter IV 

1. (a) 153.6 ohms 
(b) 25 watts 

3. (b) 1.51 ohms 
2 watts 

6. (b) 21 ohms 
(c) 5 watts 

7. (b) Ri-42 ohms 
R,-724.6 ohms 

(c) R, -2 watts 
R2-30watts 

APPENDIX XVIII 

11. 20 (deb-50 volts) 
(dee-2.5 volts) 

13. 20 (deb-50 volts) 
(de.-2.5 volts) 

16. 8000 ohms 
(de"-100 volts) 
(di"-12.5 ma) 

18. 14,000 ohms 
(deb-JOO volts) 
(di.-7.15 ma) 

21. (a) 2500 µ.rnhos 
(di.-2.5 ma) 
(de.-1 volt) 

(b) 2500 µ.mhos 
23. (a) 1400 µ.mhos 

(di.-1.4 ma) 
(de,-1 volt) 

(b) 1428 µ.rnhos 
26. 99 
27. 8421 ohms 
29. (a) 3.15 

(b) 15. 7 
(c) 4.72 volts 

23.5 volts 
31. (a) 1.81 

(b) 13.6 
(c) 2. 71 volts 

20.4 volts 
33. (a) 78,000 ohms 

(b) 140,100 ohms 
36. 250,000 ohms 

Chapter V 

1. (a) 50 X 10 ·G second 
(b) 0.667 X 10-a second 
(c) 75 

2. (a) 1060 ohms 
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(b) R is 471 times greater than Xe 
(c) The capacitor path 
(d) 3,180,000 ohms 
(e) Xe is 6.36 times greater than R 
(f) The resistor path 

6. (a) 3419 ohms 
(b) Path through C1 
(c) Yes. A small amount 
(d) 3419 ohms 
(e) Additional i-f filtering 
(f) 80 per cent 

7. (a) 1060 ohms 
(b) 282,600 ohms 
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(c) 3,180,000 ohms 
(d) 94.2 ohms 
(e) Tho capacitor path 
(f) Tho inductor path 

9. (a) -4 to -2 volts 
(b) -6 to O volts 
(c) -7 to 1 volt 

11. (a) -4.3 volts 
(b) 4.3 volts (max value) 

13. (a) -30 volts 
(b) 30 volts (max value) 

16. (a) 120,000 ohms 
(b) 48,000 ohms 
(c) 30,000 ohms 

17. (a) 100,000 ohms 
(b) 0.004 watt 
(c) ¼ watt 

19. (a) 3000 ohms 
(b) 0.00126 watt 
(c) ¼ watt 

21. (a) 0.318 µf . 
(b) O 5-µf, 200-volt, paper eapacitor 

23. (a) JO 6 µf · 
(b) 10-µf, 25-volt, elcdrulytic ca-

pacitor 
26. 270 volts 
27. 251.95 volts 
28. (a) 970 ohms (h-8.25 ma) 

(b) 870 ohms (h-6.!l ma) 
(c) 667 ohms (h-6 ma) 
(d) 400 ohms (Jb-5 ma) 

29. (a) O.OG6 watt 
(b) 0.041 watt 
(c) 0.024 watt 
(d) 0.010 watt 

32. (a) 172 ohms (h-5.3 ma) 
(b) 476 ohms (J k-3.7 ma) 
(c) 757 ohms (1 k-2.8 ma) 
(d) 1200 ohms (h-2 ma) 

33. (a) 0.0057 watt 
0.0084 watt 
0.0082 watt 
0.0075 watt 

(b) ¼ watt (each) 
36. (a) 2000.5 or 1999.5 kc 

(b) 2001 or 1999 kc 
(c) 2001.5 or 1998.5 kc 

37. (a) 0.1 second 
(b) 18.1 per cent 
(c) 5 cycles 

Chapter VI 

1. ((1.) 278 µh 
(b) 2383 kc 

2. (a) 5'10 to 1870 kc 
(b) .533 to 1.5!)0 kc 

6. (n) 258 µµf 

(b) 4(i64 kc 
7. 300 µh 

:37.4 µh 
5.27 µh 
O.G!l7 µh 

8. 2295 kc 
G.50 me 
17.3 me 
47.6 me 

9. 517 to 1650 kc 
1.46 to 4.67 me 
3.90 to 12.4 me 
10.7 to 3-1.2 me 

13. 42.7 µµf 

14. 1500 to 20!l7 kc 
15. 517 tu 1300 kc 

1272 to 1570 kc 
19. (a) 5.4 µµf 

(b) Jfrduc1·d to 4!l4 kc 
21. (a) 2G2!l µµf 

(b) 1784 kc 
22. (a) 5744 µµf 

(b) 2252 kc 

Chapter VII 

1. (a) 2 volts 
(b) 4 volts 
(c) 4 volts 

3. (a) 1000 ohms (h-8 ma) 
O.OG4 watt 

(b) 480 ohms (h--12.5 ma) 
0.075 watt 

(c) 228 ohms (h-17.5 ma) 
0.07 watt 

6. (a) -3 volts 
(b) 8.2 ma 

2.0 ma 
(c) 29·1 ohms 
(d) 0.03 watt 

7. (a) 35 
(b) -3 volts 
(c) 105 volts (max) 
(d) 2.1 ma 

9. 27,777 ohms 



11. (a) 70.5 
(b) 56.4 volts (max) 
(c) 1.41 ma 

13. 177 
16. (a) 91.5 (Q-145) 

(b) 144 (Q-143) 
(c) 148 (Q-98) 
(d) 90.8 (Q-45) 

17. (a) 12.9 
(b) 35.1 
(c) 42.1 

19. 181 
21. (a) 226 

(b) 228 
(c) 226 

23. (a) 72.9 per cent 
(b )_ ,21.6 per cent 

26. 122 
27. (a) 0.0119 

(b) 138 
SO. (a) 85.7 

(b) 61.8 
(c) 5296 

Chapter VIII 

1. (a) 2.2553 
(c) 0.942 
(e) 0.699 
(g) 4.5441 
(i) 1.2625 

2. (a) 1.2730 
(c) 0.9935 
(e) 3.57608 

3. (a) 300 
(c) 6 
(e) 218 
(g) 9.625 
(i) 2082.5 

6. 9.87 db 
7. (a) 31.2 db 

(c) 37 db 
9. (a) 40 db 

(b) 20 db 
(c) 30 db 
(d) 22.2 db 
(e) 30 vu 

11. (a) 0.9 db (loss) 
(b) 6.02 db (loss) 

13. (a) 47.3 

APPENDIX XVIII 

(b) 43.9 
(c) 46.1 

14. (a) 0.64 db (loss) 
(b) 0.22 db (loss) 

17. (a) 28,t 
(b) 262 
(c) 236 

19. (a) 16.1 
(b) 17.5 

21. (a) 81.7 
(b) 74 
(c) 81 
(d) 81.7 

74 
81 

23. (a) 6674 
(b) 5476 
(c) 6561 

26. (a) R,- -500,000 ohms 
R,-1200 ohms 
R,-1,180,000 ohms 
R,-1200 ohms 
R 4-l,180,000 ohms 
Cb-0,005 µ[ 

c,-s.1 µf 
C,-0.04 µf 
c,-5.4 µf 
c.-0.01 µf 

26. (b) 175 
159 
169 

(c) 89.7 db 
88.0 db 
89.1 db 

27. 91 cycles 
29. (a) R,-250,000 ohms 

Cb--Q.Ql6 µ[ 

R,:-530 ohms 
C,--10.9 µf 
R 2-370,000 ohms 
C2 -0.09 µf 

(b) 110 
105.6 
109.4 

(c) 40.8 db 
40.4 db 
40.7 db 

30. 39 cycles (min) 
76,300 cycles (max) 
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784 ESSENTIALS OF RADIO 

31. (a) 304 volts 
(b) 15.1 

19.7 
10.4 

(c) 2.3 db 
33. (a) 50 volts 

(b) 300 volts 
(c) 188,400 ohms 

1,884,000 ohms 
9,420,000 ohms 

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

36. (a) 0.007\J µf 
(b) 79 µµf 

(c) 3.16 µµ.f 

37. (a) 250.64 volts 
(b) 39 

50 
59.7 

(c) 23,900 cycles 
(d) 148 
(e) 2.1 db (Joss) 
(f) 1.5 db (gain) 

39. (a) 40 volts 
(b) 0.8 
(c) 22.2 volts 
(d) 4.5 volts 

41. (a) 0.1 
(b) 9.4 
(c) 10 

43. (a) 0.424 
(b) 0.179 

Chapter IX 

1. -2 to -10 volts 
78 to 185 volts 
0.35 to 3.05 mu 

3. 0 to -8 volts 
48 to 160 volts 
1 to 3.75 ma 

6. (a) 60 ma 
(b) 0 to -90 volts 
(c) 104 to 372 volts 
(d) 11 to 118 ma 

6. (a) 58 ma 
(b) 49 ma 
(c) 146 volts 
(d) 122 volts 

7. (a) 57.2 ma 
(b) 143 volts 

(d) 40.4 ma 
101 volts 

(e) 4.08 watts 
9. (a) 1650 ohms 

(b) 0.920 watt 
(c) 0.818 watt 

11. 4.20 per cent 
13. (a) 3300 ohms 

(b) 0.818 watt 
14. (a) 16.6 per cent 

(b) 26.G per cent 
16. 11 watts 
18. 3950 µmhos 
21. (a) 3.9G watts 

(b) 19 per cent 
(c) 26.4 per cent 
(d) 11.M watts 
(e) 5.76 watts 

23. 1.7 watts 
7.5 per cent 

24. (a) 81 ma 
(b) 5 ma 
(c) 35.5 ma 
(d) 68.5 ma 
(e) 10.5 ma 
(f) 315 volts 

26. (a) 9.5 per cent 
(b) 3.66 per cent 
(c) 10.1 per cent 
(d) 3.88 watts 
(e) 28.1 per cent 

28. (a) 3.4 watts 
(b) 13.6 watts 
(c) 33.5 db 

30. (a) 16 watts 
(b) 34.2 <lb 

32. (a) 260 ma 
136 ma 

(b) 15.6 watts 
(c) 1846 ohms 
(d) 1.5 per cent 

34. 23.4 watts 
37. (a) 100,000 ohms 

(b) 22 
(c) 11,363 ohms 
(d) 238,637 ohms 

39. (a) 35.3 
(c) 17.6 

41. R,-90,000 ohms 
Rz-10,000 ohms 



Chapter X 

1. 877 to 2833 kc 
3. 997 to 2400 kc 
6. (a) 2.5 µsec 

(b) 0.227 µsec 
(c) Long 

7. (a) XL-34,540 ohms 
Xc-14.5 ohms 

(b) 2380 
(c) XL-15,700 ohms 

Xc-31.8 ohms 
(d) 494 

9. 1227 kc 
11. 15 
13. (a) 112 µµf 

(b) 15.9 ma 
(c)'7.96 mw 
(d) 0.0252 mw per cycle 
(e) 4.77 

16. (a) 11.4 µh 
(b) 88.7 µµf 

(c) 4.16 amp 
(d) 0.332 amp 
(e) 199 µ watts per cycle 

17. (a) 41.6 ,uh 
(b) 5.94µh 
(c) 236 µµf 
(d) 4.62 µ watts per cycle 

19. (a) 750 cycles (decrease) 
(b) 375 cycles (increase) 
(c) 750 cycles (increase) 

21. 4239 
23. (a) 0.45 inch 

(b) 0.045 inch 
(c) 0.01126 inch 

26. (a) 400 kc 
(b) 2200 kc 
(c) 4000 kc 

Chapter XI 

1. (a) 135 volts 
(c) 90 volts 
(d) 423 volts 

3. (a) 405 volts 
(c) 330 volts 
(d) 634.5 volts 

5. (a) 169 volts 
(b) 338 volts 
(c) 338 volts 
(d) 338 volts 

APPENDIX XVIII 

7. (b) 200 volts for C1 

350 volts for C2 

500 volts for C3 

(c) 250 volts for l\ 
450 volts for C2 

600 volts for C3 

(d) 330 volts at each tube 
9. 400 ma 

11. (a) 117 volts 
(b) 111 per cent 
( c) 60 cycles per sec 

13. (a) 53.1 volts 
(b) 180 cycles per sec 

16. 0.09 volt 
17. 3.74 per cent. 
19. (a) 1500 ohms 

(b) 998 µf 
(c) 2.66 ohms 
(d) 62 amp 
(e) Burn it out 
(f) Xo 

21. (a) 9.97 per cent 
(b) 0.24 per cent 

23. (a) 12.4 per cent 
(b) 0.452 per cent 
(c) 0.022 per cent 

25. (a) 7.8 per cent 
(b) 0.517 per cent 

28. 50 per cent, 
30. 96 volts 
31. 2.5 per cent 
33. (a) 1.25 per cent 

(b) 0.025 per cent 
36. 14.4 per cent 
37. (a) 1.80 per cent 

(b) 0.052 per cent 
38. 4.8 henries 
40. Ri-3344 ohms 

R2-l886 ohms 
Ra-5555 ohms 
R4-24. 7 ohms 
R5-6.2 ohms 
R~191 ohms 

41. (a) 144 watts 
(b) 5.97 watts 

2.63 watts 
3.6 watts 
0.324 watt 
0.081 watt 
2.5 watts 
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44. (a) Reduces the voltage for the 
second grid of VT1 



786 ESSENTIALS OF RADIO 

(b) Reduces the voltage for the 
screen grids of V1'i, VT,, and 
VTa 

(c) 180 volts 
(d) 0.48 watt 
(e) 105 volts 
(J) 1.26 watts 

45. 343 volts 

Chapter XII 

1. (a) 378 µ\V 

(b) 3.78 µW 

(c) 3.78 µW 

(d) 1.51 mw 
3. 0.316 volt 
5. (a) 0.0025 µW 

(b) 0.0!\2 µW 

7. (a) 50 µV 

(b) 2mv 
9. (a) 3.98 mv 

(b) 30.8 mv 

11. Feet 

7 
50 

100 
200 

Volts 

2.23 mv 
1. 26 mv 
0.84 mv 
0.50 mv 

13. 24.5 
15. (a) 44.7 

(b) 22.3 
(c) 14.1 

17. (a) 50 
(b) 100 

19. (a) 0.00632 µf 

(b) 100 ohms 
(c) 5385 ohms 
(d) 343-1 ohms 

21. 109.6 db 
1:3. (a) 79 db below 6 mw 

(b) 38 db below G mw 

Per cent 

100 
56 
36 
22 



INDEX 

A 

Abbreviations, 721-72G 
A-c resistance, of coils, 47-48 

of tube, 168 
Acorn tube, 190-191 
Adjustable resistors, 27 
Aerial (see Antenna) 
Air-core' •coils, 43 
Air-pressure microphones, 511-542 
Alignment, 662-668 

of trf receivers, 663-665 
of superhetero<lyne receivers, 665-6()8 

All-wave receiver, 2.54-261 
Alphabet, Greek, 722-723 
Alternating current, average value of, 68 

effective value of, 68 
instantaneous value of, GS 
maximum value of, GS, '102 
power of, 69-73 

Alternating-current circuits, GS. ·83 
characteristics of, 68·· 6!) 
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 voltmeter, 681 
Alternating-current wave, 68 
Alternating voltage, 68 
Alternation, 13 
Ammeter, 679-680 
Amplification, power, 4Go-403, 419~125 

voltage, 172-175, 287-291, 304---312, 
338-348, 350-353, 35G- 360, 364-
365 

787 

Amplification factor, of beam power 
tubes, 18G 

of pentodcs, 184 
of tetrodes, l 81 
of triodes, 167-1G8, 172 

Amplifiers, audio-frequency, 332-382, 
392-439 

(See also Audio-frequency pow!'r 
amplifiers; Audio-frequency volt­
age amplifiers) 

band-pass, 106-110, 300-312 
buffer, 58.5 
Class A, 27U -291 

(See also Class A amplifier) 
Class A2, 412 
Class AB, 270, 433-434 
Class B, 279, 43t~135 
Class C, 270, 587-58!) 
classification of, 279-283 
decibel gain in, 327-332, 3G1-365 
degeneration in, 314, 365 

(See also Negative feedback) 
direct-coupled, 298 
distortion in, 283-287, 369-370, 403-

404, 421-423, 130-433 
dynamic characteristics of, 394-399 
equivalent circuits of, 287-291, 293-

294, 2!)6-300, 334-3'18, 350, 357-
358, 42G 

feedback, 313-315, 365-379, 438-439 
fidelity of; 320-32'1 
graphical analysis of, 112-421, 426-42!) 
impedance-coupled, 203-205, 349-355 
intermediate-frequency, 300-312, 636, 

652-658, 665- 666 
load lines for, 3!)4-396, 419-421, 430-

433 
modulating, 586 
multistage, 312-31[;, 361-3G5, 375-377 
parallel, 424 425 
parallel-feed, 353-356 
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Amplifiers, pentod(', 289-291 
phase i1werter, -135--136 
phase relations in, 161-163 
po\\·cr, 278, 392--13!1, ,587-589 
for public-address systems, -108--100, 

566-570 
push-pull, -125--136 
Q of, 295 
rndio-frequency, 291- 31.5, 587-589 
regeneration in, 31-1-315, 365 
resista11ce-capacitance-coupled (see Re-

sist ancc-capaci tan ce-coupled 
amplifirr) 

seledivity of, 106-110, 301-30-1, 65-1 
shielding in, 314-315 
speeeh, 320-32-1, 586 
stability of, 371 
transformer-coupl('cl, 298-315, 355-36-1 
triorle. 287-289 
voltage, 278-2i9, 2Dl-315, 332-382 

Amplitude, distortion in, 283-287, 369-
370, -103---10-1, -121---123, -130---133 

moclubtion of, 577-i,81 
Amplitude-modulated receiYer, 633-6G8 
Arnplitude-modulatrd transmitter, 583-

597 
Analyzers, srt, 60(}-6\)2 
Angle, of lag, 36 3\) 

of lead, 51 .52 
phase, 36-39, 51-52 
of radiation, 62-1 
of reflection, 621-625 
of refraction, 62-1 625 

Anode, 158 15\J 
aceelerating, 607 

Antenna, capacitin• loading of, 613-61-1 
coupling to transmitter of, 6 I 7 
current in, GlO 
<'Urrent distribution on, 600 610 
current-frd, 617 
dipole, Gll, GW 
directional, 614 
doublet, 611 
electrical characteristics of, 135-136 
fundamental, 136, 608-610 
grounded, 611-613 
half-wave, 608, 611 
Hertz,611 
impedance of, 609-610 
inductive loading of, 613-614 

Antenna, loop, 13-1- -135, 6-13-6-14 
length of, 135, 608, 613-614 
:Marconi, 611-613 
principle of. !i05-60u 
quart Pr-"·a H\ 611- 613 
radiation of, 606-G08 
recei,·iug, 132 -136, 6-14, 669 
resLstance of. GIO 
transmitting, 6(H-6H 
niltage distribution on an, 609-610 
niltage fed, Gli 

Antenna arra:,·, 61-1 
Antilogarithm, 32G-32i 
.\-power supply, -185 
Armstrong method of frequency modu-

lation, 507-5\18, 603-60-1 
Arnlibl<-, sound waYes, 11-13, 320-324 
.\udio-frPqUPlll'Y, rangp~ of, 12, 320-321 
Audio-frequen<'y, by-pass capacitor, 217-

218 
:\rnlio-frequen<'y chokP, -!l, 349 
.\11dio-frequpm•y oi<eillator, 692 693 
Audio-fn·quency power amplifi('rs, 392-

-130 
classifif'ation of, 3!l2 
clistortion in, -103--l0-1, -121-423, 430-

-133 
graphical analysi8 of, -101--103, -112--121 
imprdan<'c matching in, 436-437 
maximum power output of, 4Do-403, 

-115--tli 
maximum undistortP<l po,\·n output 

of, -10-1 --10,5 
negatin fPPdback, 438---139 
parallel oprration of, -12-1--125 
power amplifiPation of, 400--103, 419-

-125 
push-pull operation of, 425--136 

(See also Amplifiers) 
Audio-Irequen<'y signal generat<ir, 692-

6!)3 

Audio-frequen<'y transformer, 45-46, 
360 36-1, 751 

Audio-frequency voltage amplifiers, 
classification of, 820 

deribrl gain in, 327-332, 364-365 
cqui\·alcnt circuit of, 333-318, 350, 

357-358 
feedback amplifiers, 365-379 
impedance-coupled, 349-355 
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Audio-frequency voltage amplifiers, 
multistage, 364-365 

r-c-coupled, 332-3-19 
(See also H.esistance-capacitance-

coupled amplifier) 
r'!generation 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, 272-27'1 
Automatic volume control, 233 238 

delayed, 236-238 
principle 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 circuit, 106-110, 

300-312 
effect of coefficient of coupling on, 107-

110, 301-30-1 
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 
Rand switching methods, 256-261 
Rands, 247-248, 253-254 

side, 579-583 
Bandspread, 261-268 
Bandwidth, of coupled circuits, 98-99, 

107-110 
of resonant circuits, 84 -85 

Bank winding, 43 
Bar, 545 
Bare copper wire, table of, 7-13 744 
Battery, ,185-486 
Beam power tube, 186-187, 423-424 

action of, 186 
characteristics of, 186-187 

Beam power tube, distortion in, 421-423 
power rating of, 423-·124 

Beat frequency, 226 
Bel, 327-328 
Bias, automatic, 216-218 

cutoff, 213-2U 
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, 496~198 
Broadcasting, frequency range of, 16, 22, 

252-253 
operations in, 17-22 

Broadcasting channels, 24 7-248 
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, ,13, 48, 61-62, 260-261 
effect of, in resonant circuits, 85-86 
and inductance, 85-86, 141-142, 758-

759 
inherent, of circuit elements, 88 
interelectrodc, of tubes, 178-180 
stray, 345 
units of, 49 

Capacitive coupling, 96, 592 593 
Capacitive reactancc, 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 rode of, 748-7·19 
coupling, 06, 332 
decoupliug, 380 
dielecti·ic in, 48-f>O 
discharge of, 117 
electrolytic, 5·1-58 
equivalent circuit of, 88 
filter, \ll-OG, 642 
fLxed, 53-58 
gang, 5\J, 270-271 
impedance of, 51 
line filter, 642 
losses of, 60 
mica-dielectric, 53, 748-7-10 
nonpolnrizcd, ()1 
oil-dielPctric, 5-1 
padder, 265· '.W7, GG7-CiG8 
paper diclcetrie, 53-51 
in parallel, 52-53 
plates of, •18-50 
polarized, Gl 
reactanec of, 50-51 
resistance of, 51-52, 88 
r-f by-puss, 147, 203-205 
in series, 52-53 
split-stator, 5!), 271 
trimmer, 2G-l-268, GG-1-GG7 
variable, 58-5\J, 248-250, 271 
volbgc rating of, 61 

Capacitor-input filter, clmracteristics of, 
514 

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

Capacitor micrupl10nc, 5.'i2· 553 
Capacity (llee Capacitance) 
Carbon microphone, 5-18-551 
Carbon resi~tor, 27, 31, 746-747 
Carrier swing. 582 
Carrier wave, G7G 
Cathode, clim:-tly heated, 152 ·153 

indirt>ctly heatPd, 153-15-l 
ionic-heated, 4!ll 
oxide-coated, li'i2-15-1 
purposP of, 151-152 

Cathode-bias rPsistor, 2lG-217 
Cathode by-pass eapaeitor, 217 
Cathode connections, 1.54-157 

Cathode-ray oscillo~cope, flyback tirni, 
of, 701 

operation of, 702 705 
principle of, G\JO 700 
saw-tooth time base of, 701 
sw·pep gPrierator of, 700-702 
synehronization of, 702 

Cathode-ray tube, accderating anode 
of, 607 

electromagnetic deflection in, GOO 
clc(·tron gun of, GU6-·697 
electrostati(· deflPction in, 6!J8-699 
focusing in, 607 6!J8 
focusing electrode of, 6\J7 
fluorescent screen of, 698 
principle of OfJ<'nttion of, 695-696 
type nmnlwrs of, 6\)9 

Cathode-ray tuning indicator, 650-662 
C-bias rletcctor, 210 
Center frcq1wncy, 582 
ChannPI, broadcasting, 247-248 
Channl)·st, 707 708 
Char:u·tPri~tic impedance, 91 
Charge, elcdri(•, 32, 48-49, 150-lGl, 4!)1 
Checker, L-C, 707 
Choke toils, a-f, 11, 349 

rlistrihuted capacitance of, 62 
powcrsnpply, 41, 516-517 
r-f, -13 

Choke-input filtl'r, charactPristics of, 
517 518 

output voltage of, .517 
ripple voltage of, 51-1-517 
theory of, 514J 

Cireuit Q, 83-86 
(See also Q) 

Circuits, a-c, 68 83 
converter, 640 G52 
coupling of (see Coupling) 
decoupling, 380-382 
delayPd-action, 110-120 
<1-c, G3-GS 
Pqnivaknt (see Equinilent circuits) 
filter, 8!)-9G, 21-1-215, 506-518, 565 
oscillatory, -151-·453 
powPr supply, 485-,533 
l'PSO!lnllt, 7.J.-87 
sweep, 700-702 
tnnk, 462-467 
tuned, 7\J-83 
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Circulating current, 79 
Class A amplifiers, characteristics of, 

280-281 
distortion in, 283-287 
efficiency of, 407--410 
feedback in, 313-31.5 
grid bias for, 281-283 
intermediate-frequency, 300-312 
multistage, 312- 315, 364-365 
operation of, 281-2&1 
parallel, ,!24-425 
phase reversal in, 161-163 
power amplification in, 400-403 
push-pull, 425-433 
radio-frequency, 291-315 
voltage amplification of, 287-291 

Class AB amplifiers, 279-280, 433-431 
Class B' amplifiers, operation of, 279--280 

push-pull, 434--43.5 
Class C amplifiers, 270, 587-589 
Coaxial cable, 622--623 
Code, color, 746-7,51 

reception of, 224-225, 230-232 
Coefficient, of coupling, 35, 98 00 

calculation of, 35 
effect of, on response, 98-09 
effect of, on width of barnl pass, 

106-110, 301-304 
of temperature, of crystals, 472 -473 
of thickness, of crystals, 473-47,1 

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, 4o--11 
opposing, 39 
plug-in, 254-256 
Q of, 43 
r-f tuning, 250-252 
shapes and types of, 33-34, 13 
shielding of, 47, 311-315 
skin effect in, 47 
uses of, 41, 43 
variable inductance, 30, 138 
voice, 556 

Coils, with variable coupling, 39, 138, 
301-304 

Cold-cathode tube, 531 
Color code, for a-f transformers, 751 

for i-f transformers, 751 
for loudspeakers, 7/iO 
for mica capacitors, 748-749 
for power transformers, 751 
for resistors, 746-747 

Colpitts oscillator, 159-460 
Combination meter, 670, 684-685 
Common impedance, 370-380 
Communication, history of, 2-3 

types of, 1-2 
Complex coupling, 07-98 
Condenser (see Capacitor) 
Cone, loudspeaker, 555-55\i 
Contact-type microphones, 542-543 
Continuous wave, interrupted, 224-225 
Control grid, 161-163 
Conversion efficiency, 646 
Conversion factors, 727--730 
Converter circuits, 649-652 
Contact rectifier, 493 
Copper-oxide rectifier, 493 
Copper wire table, 743-744 
Cosines, table of, 7M-755 
Counterpoise, 613 
Coupled impedance, 99-106 
Coupled resistance, 102, 105 
Coupling, of band-pass circuits, 106-110, 

300--304 
capacitive, 96, 502--593 
coefficient of, 35, 98--99, 106, 110, 301-

304 
complex, 97-08 
critical, 98--99, 109-110, 305-306 
direct, 96 
electron, 477-478, 619 
element of, 96-98 
impedance, 593-594 
indirect, 96-97 
inductive, 35, 96-97 
interstage, 592-594 
link, 594 
loose, 98-99 
methods of, 96-98 
mutual inductive, 99-106 
optimum, 99 
principles of, 96 
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Coupling, rPHponsc curves of, 98-99, 106---
110 

sim pie, 9o-!J7 
tight, !l8-!l!J 
transformer, D!)-110 
of tunPd and 11nt1111cd circuits, 106-110 
variable, 3!l-40, 138, 301-304 

C'ritical coupling, 08-00, 109-110, 305-
306 

Critical inductance, 516 
Crosby systPm of frpqncucy mo<lulation, 

5!)7-600, 602-603 
Cross modulation, 18.5 
Cross talk, 18.'i 
Crystal, characteristics of, ·171-47-1 

<'quivalent clc>C'trical circuit of, 47-1-176 
frequency range of, 479 
mounting of, '17-1-475 
power output of, 474 
Q of, 475-476 
quartz, 472-47-1 
Hochcllc salt, -171 
safcguanling of, 47-1 
tempernture <'oPfliC'icnt of, 472--473 
thkkncsH coPfliC'if'nt of, ·173-47"1 
tourmaliuc, ,171 
U~PS of, 470 

Crystal cuts, types of, 473 
Crystal detector, 142-144 
Crystal microphone, 551 552 
Crystal oscillator, 476-177 
Crystal pickup, M-1-565 
Current, alternating (Me Alternating 

current) 
antenna, 610 
bleeder, 518 
circulating, 79 
eddy, 47 
lagging, 36--3!) 
leading, .51--,'i2 
plate, 158, 4!)2 
saturation, 161 

Curves, a-f amplifier charactcristir.s, 333-
334, 350 3.52, 363 364,370 

grid voltage vs. plate current, HlG-171 
pn.rallel-rf'..sonance, 81-8:3 
plate voltage vs. plate curr!'ut, 166- 160 
response, 98-9!J, lOG-110, 2-16-247, 

26\J, :301 
saturation, 1.'i!l 

Curn)s, scries-rcHonance, 7!l-81 
slope of, 80-8-1, !l8-l 10 
spePd1 charnct(•ristie;;, 322 ~2-1 
univr,rnal time-constant, 117-110 

Cutoff liias, 213-21-1 
Cycle, 13 

D 

Decibel, 32-1 
USC of, 327- 332, 364-365, 51.'i-548 

Decoupling, 365, 37!.l-382 
Decoupling caparitor, 380 
Decoupling circuits, 380-382 
Decoupli11g factor, 380 
Decoupling resistor, 380 
Dcfll'<'.tion, electronmguetic, 6!)0 

clPctrostatic, 608-6!l!l 
Degenerative fredback (sec Inverse feed­

back) 
Delayed-action circuits, R-C circuits, 

lM--117 
R-l, circuits, I 10-114 
univ<'rs:tl timc-const:1nt curves for, 

117-ll!J 
uses of, 119-120 

Delayed aut.omatic volume control, 23fi-
238 

Demodulation (see DPtP!'tion) 
Demodulat.or (see Detector) 
Detection, 201-203 

double, 6-1:3 
Detector, autodyne, 230-231 

crystal, 142 144 
di()(le, 203 -210 
distortion in, 213-215 
fidelity of, 202-203 
full-wave diode, 206-207 
function of, 131 -132, 201 
gric.1..-lmk, 218 223 
heterodyne, 22-1-228 
linearity of, 207 
plate, 210 218 
powPr, 223 ·224 
regenerative, 228-230 
second, (i.58 
sPrrnitivity of, 202-203 
square-law, 223 
sup<!rrcgcncrativc, 2:31-232 

Deviation, frc<1ucncy, 582-583 
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Deviation ratio, 583 
Dielectric in capacitor, 48-50 
Dielectric constant, 49, 745 
Dielectric strength, 715 
Diode, 158-161 
Diode detector, 203-210 
Diode rectifier, 490 
Dipole, 611, 669 
Direct-coupled amplifier, 298 
Direct coupling, !JG 
Direct-current· circuits, comhination, 63-

66 
Ohm's law for, 63 
parallel, 64-65 
parallel-series, 66-68 
power in, 63-68 
series, 63-64 
serie~-parallel, 65-66 
simple, 63 

Direct-current voltmeter, 680-681 
Direct inductive coupling, !J6 
Directional antenna, 614 
Directly heated cathode, 152-153 
Discharge of a capacitor, 117 
Discriminator, 671-671 
Dissipation, 410-411 
Distortion, in amplifiers, 283 287, 370, 

403-404, 421-4 23, 430 -433 
in beam power tubes, 421-423 
calculation of, 403-404, 421-423 
in CJa,;s AB amplifiers, 133 
in Class B amplifiers, 13'1 
in detector, 213-215 
frequency, 370 
harmonic, 370, 403-404, 462 
modulation, 185 
nonlinear, 36\J 
in oscillator, 46\J-470 
in pentacles, 421-4.23 
phase, 369 
in push-pull amplifiers, 430-433 

Distributed capacitance, of choke coil, 
61-62 

effect of, 62, 260 261 
methods of reducing, ,13, 48 

Distributed inductance, 88 
Distributed resistance, 88 
Divider, voltage, 518 521 
Double-impedancc-eoupled amplifier, 353 

Double supcrhctcrodync, 643 
Doubln, voltage, 4!)8-502 
Doublet antenna, 611 
Drawing symbols, 711-720 
Dry-disk rectifier, •193 
Dry electrolytic capacitor, 56-58 
Dynamic characteristics of tubes, 165 

394-3\J!) 
Dynamic instability, 469, 585 
Dynamic loudspeaker, 556-560 
Dynamic microphone, 553-554 
Dynamic plate resistance, 168 

I' ·, 

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

of Class AB amplifiers, 433 
of Class 13 amplifiers, 4a4 
of oscillators, 468-169 
plate, 407-410 
plate-circuit, 406-407 
of tank circuit, 463 

Electric charge, 32, 48-4!) 
Electrical leng;th of lines, 614 
Electrode, focm;ing, 607 
Electrodynamic loudspeaker, 558-559 
Electrolytic capacitor, 54 ·58 
Electromagnetic clefleetion, 699 
Electromagnetic field, 605 
Rlectron-coupled oscillator, 477-478 
Electron coupling, 477-478, 649 
Electron emission, 4-5 
Electron gun, 6\J6-697 
Electronic voltmeter, 686 688 
Electronics, applications of, 7 ·10 
Electron-ray tube, 659-662 
Electrostatic deflection, 698-699 
Electrostatic field, 605 
Electrostatic focusing, 697-698 
Emission, secondary, 180 

thermionic, 152-153 
Energy, stored by electric field, 49 

stored by magnetic field, 32 
stored iu tm1k circuit, ·165-467 

Equivalent circuit, of amplifiers (see 
Amplifiers, equivalent circuits of) 
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Equivalent circuit, of capacitors, 88 
constant-current form, 289-2\JI 
constant-voltage form, 287-28!) 
of a crystal, 474-476 
of incl uctors, 88 
of resistors, 88 

Exciter, 586 
Expon<'nts, use of, 731-732 

Fading, 625 
Farad, 49 

F 

Feed, single-wire, G23 
Feedback amplifiers, 313-315, 3(15-37\J, 

438-43!) 
advantages of, 365-3(;6, 36!)-371 
balanced, 377-37!) 
equations fur, 366-36!.J 
limitations of, 372-373 
multistage, 375-377 
negative, 3G5-379, 438-·13!.J 
positive, 365-36(1 
power, •138-439 
principle of, 366-368 

Feedback factor, 3G8 
Fidelity, of amplifiers, 320 324 

of detectors, 202-203 
of receivers, 245--2-W, 630-632 

Filament-type tubes, 152-153 
Filter circuits, action of, 8\! UO 

band-pass, !J3 
band-stop, !J3-!J5 
capacitor-input, 510-51-1 
choke-input, 514 -518 
high-pass, !)2 93 
low-pass, \Jl 92 
m-derived, \J.'i-UG 
rnultisection, 90, 512-5[3 
operation of, 50S -509 
pi-type, !JO 
purpose of, 50G 507 
regulation of, 513-514 
resistor-capacitor, 95-96 
r-f, 214-215 
for ripple voltage, 507 508, 511-515 
scratch, 565 
terms for, \J0-91 
types of, !)!-!JG, 50!.J-510 

T-type, 90 

Fixed bias, 212-213 
Fixed capacitor, 5:~-58 
Fixed resistor, 27 
Fleming valve, 4, 151 
Fluorescent screen, 6!J8 
Flyback time, 701 
Focusing electrode, GIJ7 
}'ormulas, summary of, 733-742 
Frequency, bPat, 226 

quenching, 231 
ranges of, Hi, 252-253, 320-324, 47D 
of resonance, 75- 76, 78 
resting, 582 
rippk, i>07 

Frequency deviation, 582 
Frcqmmcy distortion, 370 
Frcqucncy-modulatl'd n·cciver, 668-G74 

antenna for, (j(j!) 

block diagram of, GG8-G6!J 
discriminator of, G71-674 
limiter of, 671 
r-f scl'lion of, 670 

Frcquency-modulu.tcd transmitter, 5!)7-
604 

(See also Transmitter) 
Freqm·ncy modulation, 577, 581-583, 

5!!7 604, fi68 fi74 
Fr<'qucnPy rnultipli(•r, 47!) 
FrC'qucni,y response of rnicroplionC's, 543 
Frrqncrwy sfahility of osciilntor;4G9-470 
F11ll-\rnve rletector, 20G-207 
Full-wave rnctifiers, ·1\J·l-496 
Fumlamcntal antenna, 136, 608-610 

G 

Gang <·apacitor, 59, 270-271 
Ga11ged tuning, 270 -272 
Gas regulator tube, 531-533 
Generator, harmonic, 47\J 

saw-tooth, 700 702 
signal, G!J2 6!.J,5 

Graphical analysis, of dynamic charac-
teristics of a vacumn tub<l, 3\J-!-400 

of OR('illator, ,155-157 
of power 1unplifi('rs, 412-•121 
of push-pull :unplifiPrs, 426-42!.J 
of statie charnl'l,.,ristics of a vacuum 

tuhc·, 163-171 
Greek alphabet, 722-723 
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Grid, action of, Hil, 182-184 
screen, 177-180 

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

Grid-bias modulation, 581)- 51)0 
Grid-cathode capacitance, 178 
Grid detection, 218-223 
Grid excitation, 468 
Grid keying, 584 
Grid-leak bins, 218-223 
Grid-leak-capacitor detector, 218-223 
Grid modulation, 581J--51J0 
Grid-plate capacitance, 178 
Grid-plate transconductance, 170-172, 

177, 181, 18·1, 186 
Grid voltage vs. plate current, Hi6-171 
Ground wave, 623-624 
Groialded antenna, 611-613 

H 

Half-wave antenna, 608, 611 
Half-wave rectifier, 4!J3-41J4, 41J(i 
Harmonic analysis, 421-423 
Harmonic distortion, 370, ,103-404 

(See also Distortion) 
Harmonic generator, ,17n 
Hartley oscillator, 457-458 
Heising method of modulation, 590 
Henry, 32 
Heptodc, 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 
Horns, types of, 555, 559-560 

I 

Image-frequency signals, 653 
Impedance, of antenna, 609-610 

calculation of, 37, 51 
characteristic, 91 
common, 379-380 
coupled, 99-106 
matching of, 436, 547-548, 620-623 
in parallel resonant circuit, 78-79 

Impedance, plate-to-plate, 430 
reflected, !J!J --JOG 
in serii,s resonant circuit, 7(i 
of transmission lines, 617-619, 621 

Impcd::mcc-couplc<l amplifier, audio-fre-
quency, 349-355 

characteristics of, 340-350, 355 
circuit action of, 34!) 
double-impedance, 353 
parallel-plate foed of, 353-355 
radio-frequency, 293-29,'> 
voltage amplification of, 350-353 

Impedance coupling, 593-594 
Indicator, tuning, 65\J-662 
Indirect coupling, !J6-!J7 
Indirectly heatecl cathode, 153-154 
Induced voltage, of mutual inductance, 

35-36 
principles of, 32-33 
of self-inductance, 32-33 

lnductance, calculation of, 32-36 
and capacitance, 85-86, 141-142, 7.58-

75!) 
characteristics of, 32 
of coils, 33-34 
critical, 516 
distributed, 88 
effect of, in resonant circuits, 85-86 
mutual, 31-36 
self, 32-31 
unit of, 32 

Inductance coils (see Coils) 
Induction, of coil, 33-34 

in field, 32 
magnetic, 32 

Inductive coupling, 35, !J6-97 
Inductive reactance, 36-39 
Inductors, checker of, 707 

equivalent circuit of, 88 
in par~llel, 3!J 
in series, 39 

Inherent capacitance of circuit, 88 
Instability, dynamic, 469, 585 
Interelcctrode capacitance, 178-180 
Intermediate-frequency amplifiers, 300-

312 
alignment of, 665- 666 
characteristics of, 652-658 
circuits of, 300- 312 
equivalent circuit of, 304-312 
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IntE1rmcdi1ite-frequcncy amplifi<'rs, selec­
tivity of, 301-304, G5-I 

in superlwtnodyne recPivers, 630, 6.'i3-
658, 6G5-666 

transformPr for, 46, 301-30-1, 751 
color code for, 751 

values of, 304, 653 
voltage amplification of, 304-312 

Interpolation, of logarithms, 326 
Interrupted continuous wave, 22-1-225 
Interstage coupling, 592-51.H 
Inverse feedback, 365 

(See also .:--i'egative feedback ampli-
fiers) 

Inverse peak voltage, 492 
Inverter, phase, 435-43G 
Ionic-heated cathode, 491 
Ionization, 491--492 
Ionosphere, 62-1 
Iron-core coils, ,n 

IC 

Kennelly-HPavi~ide layer, G2-l 
Ecying, nwthod~ of, 58-1 
Eilucycles, 15 

L 

Lag, angle of, 3G-39 
Lagging current, 36-39 
L-C checker, 707 
LC product., 141 -H2 
LC ratio, 85-86 
LC tables, 758-759 
Lead, angle of, 51--52 
Leading current, 51 52 
Letter symbols, 721-720 
Limiter, 671 
Line filter cnpacitor, 6-12 
Line rectifier, 524-52G 
Lines, load, 3\H-396, 419-421, 430-433 

long, 614-615 
resonant, 615-619 
short, 614-615 

(See also Transmission lines) 
Link coupling, W-1 
Lip microphone, 5-13 
Litz wire, 48 

Load lines, 394-39G, 4 Hl-421, ,Ja0-433 
Load resistor, 337 
Local oscillator, 6-i!> 
Logarithms, 32-1-327, 75f,-757 
Loktal base tubes, 189 
Loop antenna, 134-135, G43-644 
Loose coupling, !)8-!l!) 
Loudspe:iker, color code for, 750 

cone of, 555-550 
electrodynamic, 558-559 
horns for, 5.",.",, .1.1!)-5GO 
magnetic, 5fi5-55f, 
p-rn dynamic, ,'l.">7-.'i.''iS 

LmY-frf'qucncy coils, •ll 
Low-level modulation, 589 
Low-pass filter, 91-92 

~I 

!\I-derived filters, 95-96 
l\Iagnetic loudspeaker, 555-55G 
l\Iagnetic pickup, 563-564 
l\Iagnctic wire recorder and reproducer, 

5G5-50G 
:\Iarconi antf'nna, (i] l-Gl3 
:\IastC'r oscillator power amplifier, 584-

585 
:\fathematical symholR, 723 
:\Iaximum pmn·r output, 400-403, 415-

,117 
l\Iaxinmm power transfer, 400--!03 
l\Iaximmn mulistortecl power output, 

40-1-40.'i 
;\leasuring instruments, ammeter 679-

GSO 
combination meti>r, G79, 084-685 
electronic voltmeter, 686-688 
ohmmeter, G83-o84 
output meter, 085-68G 
rectifier-type, (i81 
vacuum-tube voltmeter, 088-690 
voltmeter, GS0-681, 086-690 

:\iica capacitor, 53, 748-7,19 
l\licrofarad, 49 
l\ticrohcnry, 32 
l\iicromho, 171 
l\Iicrophone, air-pressure types, 5-11-542 

carbon, 5-18-551 
capacitor, 552 -553 
contact, 542-543 
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Microphone, crystal, 551-552 
dynamic, 553-554 
frequency response of, 543 
lip, 543 
moving-coil, 553-554 
range of pickup of, 544-515 
rating of, 545-548 
reference level of, 545-5'16 
ribbon, 554-55.5 
sensitivity of, fi.13-544 
throat, 543 
transformer of, 540-550 
velocity of, 55'1-555 

'.\licrophonics, 631 
Mixer, 644-645 
Modulated wave, amplitude, 577-581 

frequency, 581-583 
Modu'!ating amplifier, 586 
Modulation, amplitude, 577-581 

cross, 18.5 
frequency, ,577, 581-583, 597-60'1, 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 
:\foving-coil microphone, 553 -554 
i\fu (see Amplification factor) 
::\iultiband recciYers, 251-261 
i\.foltielectrode tube, 188 
Multiphase rectifier, 503 504 
Multiple-stage tuning, 268-270 
Multiples and submultiples, table of 

727-730 
;\Tultiplier, frequency, 179 

voltage, 498-503 
voltmeter, 682 683 

Multipurpose tubes, 188-189 
l\iultisection filter, 90, 512 513 
:\lultistagc amplifier, 312-315, 36-1 365, 

375-377 
Multistage tuning, 268 270 
l\iultivibrator, 447, 702 

:Mutual conductance (see Trans-conduct­
ance) 

Mutual inductance, 3-1-36 
Mutual inductive coupling, 99-106 

N 

.Negative feedback amplifiers, 365-379, 
438-139 

advantages of, 365-366 
balanced, 377-379 
current-controlled, 375 
distortion in, :169 -370 
limitations of, 372-373 
multistage, 375-377 
stability of, 371 
voltage-controlled, 373-375 

Negative resistance oscillator, 447-448 
Noise, in receivers, 631 

microphonic, 631 
shot effect, 631 
thermal-agitation, 631 

Noninductive winding, ,10-,11 
Nonlinear distortion, 369 
Nonpolarized capacitor, 61 
Xonresonant lines, 621 
Xonsynchronous vibrator, 528-529 
Kumbering of tubes, 191-194 

0 

Octal base tube, 191-192 
Oct-0de, 188 
Ohmmeter, 683-681 
Ohm's law, for a-c circuits, 68-70 

for d-c cireuits, 63 
Optimum coupling, 99 
Oscillator, amplifier action of, 149 

analysis of, 453-4.55 
audio-frequency, 692 693 
classification of, 417-149 
Colpitts, 459-460 
constant voltage supply for, 469-470 
crystal, 476 -477 
distortion in, 469- 470 
effect of Q in, ,162-463 
efficiency of, ,l(j8-,169 
electron-coupled, 177-479 
excitation voltage of, ,1u3 
frequency multiplier, 479 
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Oscillator, frequency stability of, 469-470 
graphical analysis of, 455-457 
grid bias of, 455-457 
harmonic, 4 71) 
harmonic distortion in, 462 
Hartley, 4.57-458 
local, 645 
multivibrator, 447, 702 
negative resistance, 4,13 
operation of, 455 
padder capacitor for, G67 668 
parallel-feed, 458-459 
power output of, 468 
r-f, 693-695 
relaxation, 447 
series-fed, ,157 
stability of, •161, 469-470 
sweep, 700--702 
tank circuit in, 462-467 
tri-tet, 480 
tuned-grid tuned-plate, 460-462 
uses of, 44G-447 

Oscillatory circuit, 451~53 
Oscillos<'ope, 691)-705 

cathode-ray tube for, 605-6!)() 
linear swe<•p circuit of, 700--702 
operation of, 702-705 
patterns of, 703 
llReS of 1 705 

Output meter, 685-686 
Output transformer, 436--438 
Oxide-coated cathode, 152-154 

p 

Padder capacitor, 265-267, 667-668 
Paper capacitor, 53-5! 
Parallel a-c circuits, 72-73 
Parallel d-c circuits, 64-68 
Parallel-feed amplifiers, 353-356 
Parallel-feed oscilla t-0rs, -158-459 
Parallel inductors, 39 
Parallel operation, of amplifiers, 424-425 

of rectifier tubes, 504-505 
Parallel resonant t•ircuit, 77-79 

curves of, 81 83 
Peak inverse voltage, 492 
Peak plate current, 4\!2 
Peak value of alternating current, 492 
Pent.a.grid converter, 648-652 

Pentodn, 182-184 
action of suppwssor !!:rid in, 182-184 
amplificatiou factor of, 184 
charaetPristic 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 
Phase angle, 36· 39, 51-52 
Phase distortion, 36() 
Phase inverter, 435-436 
Phase modulation, 577 
Phase relations in an amplifi('r, 161-163 
Phonograph pickup, crystal, 56,1-565 

magnetic, 5G3-5G·i 
Pi-type filter, IJO 
Piezoelectric effect, 471 
Pin numbering of tubes, 191-193 
Plate, characteristic curves of, 166-171 

load resist.or of, 3.'l7 
of vacuum tube, 158-159 

Plate-cathode capacitance, 178 
Plate-circuit efficiency, 406-407 
Plate current, 158, 492 
Plate <lct!'ction, 210--218 
Plate dissipatiou, 410-411 
Plate efficiency, 407--410 
Plate keying, 584 
Plate modulation, 590-592 
Plate resistance, a-c, 168 

of heam power tubes, 186 
dynamic, 168 
of pcntodes, 18-i 
of tetrodes, 181 
of triodes, Hi8- l61J, 172 

Plate saturation, Hll 
Plate-to-plate impl'dance, 430 
Plug-in coil, 25-1-256 
Polarization of rndio waves, 611 
Polarized capacitor, 61 
Positive fecdhack, 365-366 
Potnntiolllcter, 29-31 
Power, amplification of, 400-403, 419--

425 
calculation of, in a-c circuits, 60-73 
calculation of, in d-c circuits, 63-68 
maximum output of, 400-405, 415-,117 
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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 Amplifirrs) 
Power detector, 223-22--1 
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, ,115~117 
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, ,!85-533 

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, 4!)3-506 
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, 498-503 
voltage regulated, 531-533 

Preselector, 644 
Pressure microphone, 541-542 
Pressure reference level, 546 
Propagation of radio waYes, 623 627 
Public-address amplifier, 408-409, 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 c11rves, 83-84 
on voltages of series resonant circuit, 

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, 295 
of oscillator circuits, 462-463 

of quartz crystal, 475-476 
of tuned amplifier, 295 

Quality factor (see Q) 
Quarter-wave antenna, 611-613 
Quartz crystal (see Crystals) 
Quenching frequency, 231 
Quiescent value, 396 

H. 

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 

lfadio frequency, ranges of, 16, 252-253 
Radio-frequency amplifiers, Class A, 291-

315 
Class C, 587-589 
classification of, 291 
cquh'alent circuit of, 2!)3 -294, 296-

297, 298 300 
impedance coupled, 293 295 
of power, 587-589 
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Hadio-frequency amplifiers, regeneration 
in, 31·1-315 

rcsistancc-capaci tance-coupled, 29(i-
298 

transformcr-couplc<l, 208-313 
tuned, 2!ll-2U5 
tuned primary and tuned secondary, 

300-312 
untuncd, 205-298 
untuncd primary and tuned secondary, 

2!J8-300 
voltage, 278-270, Wl-315 

Hadio-freqnency by-pass capacitor, J.17, 
203-205 

Hadio-frcqucncy choke, 43 
Hadio-frequency filters, 21-!-215 
Radio-frequency oscillator, U\)3-6% 

(See also Oscillators) 
Hadio-frcquency signal gpnprator, 6!)3-

605 
Hadio-frC'queney transfonnPr. 4G 
Hadio-irC'qucney tuning l'oil, ·250-252 
Hadio receivers, a-c/d-c, U58-659 

alignmmt of, (if,2-008 
all-wave, 254-2()1 
amplitmle-rnodulatt•d, ()33 ()68 
antennas for, 132-13G, G-14, GG9 
automatic tuning in, 272-274 
automatic voh1me rontrol in, 233-238 
bandsprearl in, 21il 268 
hand switching in, 2.5() 2()1 
block rliagrnm for a-rn, G33- G38 
bloek diagram for f-m, !i!i8 
broadcast hand of, 2-17-248 
characteristics of, U30-!i31 
code, 224-22.5, 230 232 
comparison of a-m and f-rn, 631-633 
crystal, simplP, 132 
ficklity of, 2l5-24G, G30 n:-:2 
fr<'quency-morlulated, GG8-U74 
functions of, 131- 1a2 
ganged tuning in, 270 271 
multibarnl, 254 2(il 
noises in, H31 
operations of, 17-22 
;,elrctivity of, 2-1.'i, 2(iC: 270, G30 
Hcn8itivity of, 215, G30 
short-wave bands of, 253-25-1 
signal-to-noise ratio of, 031 
stability of, 630-631 

Radio rereivers, superheterodync, 642-
659, 665 608 

(See also Supcrheterodyne receiver) 
testing of, 077-688 
tone control of, 0-12 
tracking, 271-272, 662-663 
tuned-radio-frequPncy, 637-M2, 663-

665 
tuning indicator of, 650-662 
volume control of, ()38 

Hadio waves, amplitrnle-modulatcd, 577-
578 

analysis of, 576-577 
clefinition of, 023 
fading of, 625 
frequency of, 13-17 
fre11ueney-modulated, 581 582 
ground wave, 023-02-l 
polarization of, 01 l 
propagation of, 623-027 
reflection of, 024 
rpfraction of, G24 
short, 252-25.J. 
sky wave, 024-025 
spcPd of, 13 
types of, 577 
wavrlrngth of, 13-17 

Reaetancc, capa<'itivc, 50-51 
inductivP, 3G-38 

ReaC'tanee-tuhe modulator, 598-600 
Heceivers (.~ee Hadio re<·Piv<'rs) 
HccPiving anknna, 132 136, 660 
Receiving; tube clw.racturistics, chart of, 

700-773 
Recording, 500-506 

crystal pickup for, 50-1-565 
magnetic pickup for, 563-564 
magnetic-wire, 5G5 5G6 

Rectifier, contact, 4!)3 
copper-oxide, 193 
dry-disk, 493 

Rectifier circuits, bridge, 496-4!)8 
di()(le, 4!JO 
filtPrs for, 50U-518 
fnll-wav,•, 411-1--l!)(j 
half-waw, 4!13 -.HJ.1, 4!)6 
line, 524 526 
multiphase, 503 -50.J 
parallel opPration of, 504-505 
regulation of, 513-514 
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Rectifier circuits, selenium, 493, 505-506 
transformer, 493-506 
vibrator, 528-531 
voltage douhler, 498-502 
voltage multiplier, 498-503 
voltage tripler, 502 

Rectifier tubes, 4!)0-4!)2, 526-527 
Rectifier-type meter, 681 
Reference level, pressure, 546 

zero, 331-332 
Reflected impedance, 9!)-105 
Reflected resistance, 105 
Hcflection, angle of, 624-625 
Hefraetion, angle of, 624 625 
Regeneration, in a-f amplifiers, 365 

bias-detector, 228-230 
in r-f amplifiers, 314-315 

Hege1ierative detector, 228-230 
Hcgulation of power supply, 513 51-1, 

523-524, 531·· 533 
Regulator tubes, 531-533 
Relaxation oscillator, 447 
Remote cutoff tube, 18,1-186 
Resistance, a-c, 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-frequency, 47-18 
measurement of, 677-678, 683-68-1 
plate (see Plate resistance) 
radiation, 606-608 

Resistance-capacitance-coupled amplifier, 
audio-frequency, 332-3-19 

balanced-feedback, 377-379 
characteristics of, 333, 3-18-3-1!) 
circuit action of, 332-333 
decoupling of, 379-382 
design data chart, 774-776 
equivalent circuit of, 333-:HS 
feedback, 365-379 
negative-feedback, 368-369, 373-379 
power amplification of, 400--403, 419-

425 
radio-frequency, 296 -298 
resistance and capacitance values for, 

336-338 
voltage amplification of, 338-348 

Resistance-capacitance-coupled amplifier, 
wide-band, 670 

Resistance-capacitance filter circuits, 95-
96 

nnsistors, acl,inRlahl", 27 
automatic resiotancc control, 28, 157-

158 
bias, 216 
bleeder, 518 
carhon, 27, 31, 746-747 
classification of, 27 -29 
color code for, 74() 747 
decoupling, 380 
equivalent circuit 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 circuits, 95-!)6 
Resonance, curves of, 79 · 84, 98-110 

definition of, 74 
frequency of, 75-76, 78 

Resonant circuits, calculation of, 75-70 
classification of, 74-75 
currents in, 79 
effect of capacitance in, 85-86 
dfect of inductance in, 85-8() 
effect of Qin, 77-79 
effect of resistance in, 81-83 
impedance of, 76, 78 
parallel, 77--79 
series, 7fi-77 
use of, 86-87 
voltages_ of, 77 
width of curve, 81-85 

Resonant line, 615, 617-619 
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 

calculation of, 507, 511-513 
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Ripple, per <'Pnt of, 507 508, 511-513 
Ripple factor, 507 
Ripµlc frequency, 507 
Ripple voltage, 507, 510 -517 
Rochelle salt crystal, 4 71 

s 

Saturation current, 161 
Saturation curve, 159 
Saw-tooth generator, 700 702 
Scratch filter, 565 
Screen, fluorescent, (ill8 
Screen dissipation, 410-411 
Screen grid, 177-180 
Second detector, G58 
Secondary emission, 180 
Selectivity, of receivers, 245, 268-270, 

630 
of tun!'d 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, 5-13-54·1 
power, 411-412 
of receivers, 245, 630 

Series a-c circuits, 70- 72 
Series d-c circuits, 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, 31.t 315 

of coils, 47, 314-315 
Short waves, hancls of, 253-254 

characteristics of, 253 
frequency ranges of, 252-253 

Shot effect, fi31 
Shunt, ammeter, 681 
Shunt feed (see Parallel feed) 
Side bands, in amplitude modulation, 

570-581 
in frequency modulation, 583 

';ignal generator, audio-frequency, 602-
61)3 

radio-frequency 603-605 

Signal-to-noise ratio, 631 
8ignal tracin11;, fi78 079 
Signal wave, 577 
Silicon detector, 1'13 
Simple coupling, 91\-97 
Simple <1-c circuits, 63 
Sine wave,, 68 
Sines, table of, 754-7.55 
Single dial control, 270-272 
Single-ended tube, 18Q 
Single-wire feed, 623 
Skin effrct, ,t 7 
Skip distance, 62.5 
Sky wave, 624-625 

attenuation of, 624 
path of, 624-625 
refraction of, 62·1 
skip zone of, 625 

Slope of resouance curves, 83-8-l 
effect of coupling on, 08-110 
effect of Q on, 83-8·1 
effect of resistance on, 80-83 

Smoothing choke, 51•t 
Socket, connectio,rn, 191-103, 761-763 
Solenoid, inductance of, 34 
Sound, audible characteristics of, 320-322 

effrct of frequency elimination 011 1 322-
323 

frequency range of, 12-13, 320-32·1 
intensity of, rPquire<l, 323-324 
mettsnrrments of, 327-332 
on wirP, 565-5fiG 
units of, 32·1 

Sound wave, 10-13, 320-324 
Space charge, 15\.l-Hil, 401 
Spacing of wires, 611)-620 
Sp<.•ctnnn, 16 
Speech amplifier, characteristics of, 320-

324, 586 
Speed of raclio waves, 13 
Split-stator varia hie capacitor, 50-60, 271 
Spurious rPsponses, 654-658 
Square-law det.ecior, 223 
Stahility, of amplifiers, 371 

of oscillators, 461, 4G!J-4 70 
of recciv<>rs, 630-631 
of transmitters, 585 

Standing waves, 600, 615-617 
Static characteristics of vacuum tubes, 

163-171 
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Stray capacitance, 3-15 
Submultiples and multiples, table of, 

727-730 
Summary of equations, 733-742 
Superhetcrodyne receiver, alignment of, 

665-668 
amplitude-modulated, 6-12-659 
antenna for, 643-6-14 
block diagram of, 636-637 
conversion efficiency in, 646 
converter of, 644-652 
double detection in, 6-13 
first detector of, M5 
frequency-modulated, 668- 674 
image frequency of, 653 
image ratio, 653 
int~·rme<liate frequencies in, 653-654 
intermediate-frpqucncy amplifier of, 

300-312, 636, 652-658, 665-666 
local oscillator of, 6-15 
mixer in, 615 
preselection in, GH 
principle of, 642· 643 
second detector of, 658 
spurious response in, 654-658 
typical circuit of, 655, 658-65\J 

Superregenerative detector, 231-233 
Suppression filter, band, IJ3-IJ5 
Suppressor grid, 182-18-1 
Sweep circuit, 700-702 
Swinging choke, 517 
Switching, banrl, 256 -261 
Symbols, drawing, 711-720 

letter, 721-726 
mathematical, 723 
vacuum-tube, 188, 725-726 

Synchronous ,ibrator, 529-5BO 

T 

T-type filters, IJ0 
Table, of abbreviations, 721-726 

of bare copper wire, 7,13-7-1-1 
of cobr code, for a-f transformer !earls, 

751 
for capacitors, 748-74!) 
for i-f transformer leads, 751 
for loudspeaker leads, 750 
for power supply transformer leads, 

751 

Table, of conversion factors, 727-730 
of cosines, 75-1-755 
of dielectric constant, 745 
of dielectric strength, 7,15 
of drawing symbols, 711-720 
of formulas commonly used 111 raclio 

and electronics, 733-742 
of frequency and wavelength, 758-759 
of Greek alphahet, 722-723 
of LC product, 758-759 
of letter symbols, 721-726 
of logarithms, 756-757 
of mathematical symbols, 723 
of multiples and submultiples, 727-730 
of sines, 75+-755 
of vacuum-tube letter symbols, 725-

726 
Tank circuit, amplitude stability of, 462 

analysis of, ,163-,[6-1 
efficiency of, ,163 
energy stored in, 465-467 
u•aye shape of, 462-463 

Taper, of resistors, 30-31 
Tapped resistors, 28 
Temperature coefficient, of crystals, 472-

473 
Testers, tube, 705-707 
Testing radio recei,,ers, purpose of, 677 

resistancc-measurcmcn t method of, 677 
signal-tracing method of, 677-679 
Yoltage- and current-measurement 

method of, 677 
Te trodes, 177-182 

action of screen grid in, 177-180 
amplification factor of, 181 
characteristic curves of, 180-181 
plate resistance of, 181 
transconductance of, 181 

Thermal agitation, 631 
Thermionic emission, 152· 153 
Thickness coeflicicnt, 473-474 
Thoriated filament, 152 
Three-circuit timer, 22!) 
Throat microphone, 5-13 
Tight coupling, IJ8-\J9 
Time constant, 110-·l 19 

for capacitance and resistance, 114-117 
for inductance and resistance, 110-114 
universal curYes of, 117-118 

Time-delay circuits, 110-120 
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Tone control, 642 
Tourmaline cryHtals, 471 
Tracking, 271 -272, 662-6()3 
TRF recPiver, 637-6-12 

alignment of, 6C,3 (i(if, 
block diagram of, 633-636 

Transconductance, of beam power tubes, 
186 

of pentodes, 184 
of tetrod($1 181 
of triodes, 170-172, 177 

Transfer characteristic C'urvcs, 167, 170 
Transformer, audio-frequency, 45-4G, 

360-36-1 
color code for, 751 
coupling by, 00-110 
impedance ratio of, 437 
intermediate-frequency, -IG, 301-304, 

751 
microphone, 540 .5.50 
output, 436-438 
power supply, -.14-45., -137--rno, 751 
push-pull, -138 
radio-frequency, -IG 
turns ratio of, 44-4,'> 
variable-coupling (i-f), 301 304 
voltage ratio of, ,1.1--rn 

Transformer-coupled amplifiPr, audio-
freqlHmcy, 355 3GO 

d1araetPristics of, 3.56 
connections of, 3i>5-3f>G 
equivalent circuit of, 2\.l9, 357-358 
feedback, 313--015 
nc-gative feedback with, 37G-377 
radio-frcq1wncy, 298 313 
transformer for, 3G0-3fi.1 
voltage amplification of, 2!J!J, 305, 3.'iG-

360 
TransformPr n•et.ifier circuits, 493-506 
Transformerless power supply units, .524-

528 
ad van tagPs of, 52J-- 526 
clrn.racteristies of, 527 528 
rectifier tulws for, 52G-527 

Transmission lines, co:'l-xiul, 622-()23 
Plcetrical length of, Gl-1 
feeding an antenna with, G 17 
impt•dance of, GJ7-GHJ, G21 
length of, 020 
long, 614-615 

Transmission lines, nonrcsonanL 021 
resonant, Gl5, Gl7-Gl!) 
short, 61-1-615 
single-wire, G23 
spacing of wirt's of, Gl9-G20 
standing waves on, Gl5-0l 7 
tr~nsposition blocks for, 620 
twisted-pair, G21-G22 
two-conductor, 610-G21 
typl'S of, 019 
wavelPngtb along, G15-0l 7 

Transmitter, amplitude-modulated, 583-
5\J7 

lilo('k diagram of, 585-587 
bufft'r amplifier of, 585 
dynamic inst.ability of, 585 
grid modulation in, 58\J-5!)0 
high-level modulation in, 580 
interstage coupling in, 5!J2-5[)4 
low-level modulation in, 580 
opP.ratious of, I 7-22, 585-587 
plate modulation in, 500-5\)2 
r-f pom·r amplifier of, 587-589 

frequency-modulated, 5!)7-004 
Armstrong system for, 5\)7-598, 003-

601 
balanced modulator of, 600-002 
block diagram of, 587, G02-G04 
Crnsl>y system for, 507-GOO, 602-003 
rca('tancc-tube modulator in, 5\)8-600 

Transmitting antmma, 604-614 
Transposition blocks, G20 
Tri-tet oscillator, 480 
Trigonometry, 752-753 
Trimmer capacitor, 264-268, 6li-1-607 
TriOllP amplifiers, 287-289 
Triodes, !GI-I 77 

action of control grid in, 161-103 
amplification factor of, 167-lGS, 172 
characteristic curves of, 103 1G7 
plate resistance of, lGS-lGU, 172 
trans<'ondnctance of, 170-172, 177 
voltage amplification per stage, 172-

17.5 
Tripler, voltage, 502 
Tu hPs, acorn, l\l0-1\J 1 

ballast, 28 
haRP connPrtions, l\)l-l\J3, 7fil-763 
hmm powrr, ISG-188, -123 --124 
cathodP-my, fi05-000 
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Tubes, characteristics of, chart of, 760--773 
code numbcrin~ of, 1!,1 -1!)4 
cold-cathode, 531 
convcrtc'r, 6-!8-G51 
development of, •1-6 
diode, 158-161 
dynamic characteristics of, 1 r,5, 3!!4-

3!)!) 

electron-ray, 65!J-6G2 
filament-type, 152 153 
gas-filled, 531-533 
interelectrode capacitance of, 178 -180 
loktal base, 189 
microphonics in, 631 
multielectrodc, 188 
multipurpose, 188-189 
numbering systems, 193 -194 
octal base, 101-192 
pentodc, 182-18G 

(See also Pentodes) 
pin n1;mhering of, 19 l -Hl3 
plate resistance of, 168· 16!!, 172, 181, 

184, 186 
rectifier, 490-4\J2, 526-527 
regulator, 531-533 
remote cutoff, l S,1- 186 
single-ended, 189 
static characteristics of, 163 171 
symbols of, 188, 725-726 
testers of, 705-707 
tetrode, 177-182 

(See also Tetrodes) 
triode, 161-177 

(See also Triodes) 
variable-mu, 184-186 
voltage drop of, 490-492 
voltage regulator, 531-533 

Tuned circuit, 79-83 
Tuned-grid tuned-plate oscillator, 160--

462 
Tuned-radio-frequency amplifiers, 291-

312 
Tuned-radio-frequency receivers, 637-

642, 663-665 
Tuner, three-circuit, 229 

two-circuit, 139--141 
Tuning, alignment methods, 272, 663 

automatic, 272-274 
bandspread, 267-268 
ganged, 270-272 

Tuning, multiple-stage, 268-270 
variable capacitance, 138-130 
variable inductance, 136-138 

Tuning coil, r-f, 2/iO- 252 
'l'uning indicator, (i5U- fill2 
Turns ratio of trau::;formr•r, 44-45 
Twisted-pair line::;, 621-622 
Two-circuit tuuer, 1 :1\J-1-11 
Two-conductor lines, 6l!J-621 

u 

Undistorted power output, 101-405 
Unit, volume, 331--332 
UniverHal time-cou~taut curve, 117-118 

V 

Vacuum tube (.~ee Tuhes) 
Vacuum-tube voltmeter, 688-690 
Valve, Fleming, 4, 151 
Variable capacitance tuning, 138-139 
Variable capacitor, 58-60, 2·18-250, 271 

straight-line-capacity, 2·18-249 
straight-line-frequency, 250 
straight-line wavelength, 249 

Variable coupling, a!J-40, l:i8, 301-304 
Variable inductance coil, 30, 138 
Variable inductance tuning, 136-138 
Variable-mu tube, 184-186 
Variable resistor, 27 
Variomcter, 1:18 
Vectors, 38-39, 51-52 
Velocity microphone, 55,1-555 
Vibrator, nonsynchronous, 528-529 

synchronous, 52!J-530 
Vibrator power supply units, 528-531 

characteristics of, 530-531 
filters, 530 
operation of, 528-530 

Voice coi( 556 
Voltage, alternating, 68 

amplification of, 172-175, 287-291, 
304- 312, 338 ·348, 350-353, 356-
360, 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 curn•ut, 166-lG0 
of resonant circuits, 77 
ripple, !507, 510-517 

Yoltage amplifiers, 278-271), 2!)1-315, 
332-382 

Voltage divider, 518-521 
Voltage doubler, 498-502 
Voltage feed for antennas, 617 
Voltage multiplier, 498-503 
Voltage regulation, !513-511, 523-521, 

531-533 
Voltage regulator tube, 531-533 
Voltage tripler, 502 
Voltmeter, alternating-current, 681 

direct-current, 680- 681 
electronic, 686-688 
multiplier for, 682-683 
output meter, 685-686 
vacuum-tube, 688- 6!J0 

Volume control, fi38 
automatic, 233-238 

Volume unit, 331-332 

w 

Wave, amplit11de-m()(l11lated, 577-581 
carrier, 576 
frequency-modulated, 581-583 
ground, 623-62'1 
incident, 615 

,vave, interrupted continuous, 224-225 
polariz<:>d, 611 
propagation of, 623-627 
radio, 13 17 

(Sec afao Hadio waves) 
reflected, 615 
short, 2.'i2-254 
sine, u8 
sky, 62-1-625 
sound, 10 -13, 320-324 
standing, 60!J, 61.5 617 
types of, .577 

Wave band, 247-248, 2.53-254 
\Vave forms, 131 
Wavelength, calculation of, 13 17 

definition of, 14 
spectrum of, 16 
along transmission lines, 615-617 

Width of band pass, 108-110, 301 304 
Width of frequency hand, 84-85 
Winding, coil, ,!Q-43 
Wire recorder, 565-566 
\\"ire tahle, 743-744 
\Yire-wound rl'8istors, 27, 31 
Working volt!lgc, of capacitors, Gl 

z 

Zero reference level, 331-332 


