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FOREWORD

The value of any Radio reference handbook is deter-
mined by 4 important factors—these factors are:

1. The reputation of the publishers.

2. The book must be up-to-date and authentic.

3. It must be well written, easy to understand and
complete.

4, Tt must be worth many times its price to the pur-
chaser.

I feel this Radioman’s Handbook meets all the. above
requirements for these reasons. This book was devel-
oped by the Technical Staff of the Coyne Electrical
and Radio School. It is backed by over 46 years of field
experience in teaching radio and allied subjects. This
book was not written by just ONE man but represents
the combined efforts of all members of Coyne’s staff in
collaboration with leading Radio, Television and Sound
manufacturing companies and associations. That makes
it authoritative, reliable and, above all, up to date.

There are many books that contain material on one
or two of the subjects covered in this book, but up to
now we do not believe there has been a convenient size
radioman’s handbook that covers all the material needed.
for quick reference on the job.

In preparing the material for this book, the thought
we kept foremost in mind was to condense the informa-
tion in order to include as much material as possible
which the radioman needs for reference purposes in his
work.

The Coyne Radioman’s Handbook is easy to under-
stand because every explanation of a law, rule, formula
or definition has been put in the simplest of radio terms.
You will note as you study and use the Coyne Radio-
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man’s Handbook, that what were once complicated radio
explanations have now been put into clear understand-
able language.

YOU CAN USE THE RADIOMAN'S HANDBOOK
EVERY DAY ON THE JOB

This book is worth many times its price because the
information every Radioman needs is at his “finger
tips.” The Index and Table of Contents will refer you
to formulas, rules, charts, tables and wiring methods,
that have your answer all worked out for you. A suc-
cessful radio man—the fellow who is on top today is
the man who knows the latest methods and does all
his work according to systematic procedure.

In every radio service shop or radio manufacturing
plant there are men who stand out in their work. Why
do they stand out? They stand out simply because
they. either know all the rules, formulas and laws in
the radio field, or they have a source of reference to
find the information required.

Although this book has been especially prepared for
the experienced radioman, (the fellow who is working in
radio everyday), nevertheless, the book can also be
valuable to a beginner who wants to get started out
right in radio.

In preparing the material in this book we have had
the cooperation of leading radio, television and sound
manufacturers. ALL THE DATA HAS BEEN PRE-
TESTED IN THE COYNE RADIO SHOPS.

In closing, I would like to mention that the value of
any book is not always determined by how often you
use it, but rather how important it can be WHEN YOU
NEED IT. Doctors, lawyers and other professional
men, spend great sums for reference books on their work.
They need these books for ready reference so they can
refer to them on certain subjects and keep themselves
up to date at all times. They need them also to refresh
their memory on certain material which they cannot be
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expected to remember in detail. It is equally important
and essential for a radioman or a man preparing for
advancement in radio to have a reliable reference book
for the important problems that come up in his work.

When you purchase this Handbook you are not
merely making a purchase—no, indeed—YOU ARE
MAKING AN INVESTMENT. It can be your best

investment for your present and future success.

LI

President
COYNE ELECTRICAL & RADIO SCHOOL
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Section 1
MATERIALS—SYMBOLS—MATHEMATICS

In the following list are abbreviations, schematic radio
symbols and letter symbols generally used and recognized
in radio and allied arts. The same symbol sometimes rep-
resents two or more things, and the same thing occa-

sionally is represented by different symbols. The use of
* capital and small letters follows standard or accepted
practice, but other usages will be found. All the Greek
letter symbols are grouped together at the end of the list.

ABBREVIATIONS AND LETTER SYMBOLS

A Area
Angstrom unit (0.0000001 millimeter)
A- Filament power supply
a Amperes
a-c Alternating current (adjective)
a-f Audio frequency (adjective)
a-m Amplitude modulation
ave Automatic volume control
ave Automatic volume expansion

AW.G. American wire gage !
B Magnetic_flux density (gausses or lines per
square inch)

B- Plate power supply

b Susceptance, mhos (reciprocal of impedance
due to reactance)

bf.o. Beat frequency oscillator

Btu British thermal unit (heat energy)

C Capacitance, farads

Centigrade temperature

C- Grid bias potential supply

c Cycles

c—emf Counter electromotive force

Cox Grid to cathode capacitance

Car Grid to plate capacitance

cm Centimeter (0.3937 inch)

cm? Square centimeters

cos Cosine (trigonometric function)

- Cex Plate to cathode capacitance

cps Cycles per second

c.w. Continuous wave

d-ave Delayed automatic volume control

db Decibel (unit of gain or loss in power, volt-
age or current) 5

d.co. Double cotton covered

ds.ec. Double silk covered
1
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Potential, potential difference, or emf; volts.
(effective value)

Potential, potential difference, or emf; volts.
(instantaneous value)

Plate supply potential, volts.

Grid bias potential, volts.

Electron coupled oscillator

Filament potential, at filament

Grid potential; grid to cathode

Heater potential, at heater

Electromotive force, volts.

Plate potential; plate to cathode

Fahrenheit temperature.

Frequency, cycles per second.

Farads of capacitance

Frlequgncy modulation or frequency modu-
ated.

Conductance, mhos (average or effective
value)

Conductance, mhos (instantaneous value)

Gram (003527 ounce)

Conversion transconductance (as used for
frequency converters)

Mutual conductance, or control grid-plate
transconductance

Ground

Magnetizing force (as in ampere-turns per
unit length of magnetic path)

Henrys of inductance

High-frequency (3,000 kilocycles to 30 mega-
cycles)

Current, amperes (effective or average value)

* Current, amperes (instantaneous value)

Plate supply current

Interrupted continuous wave

Filament current

Intermediate frequency (of superheterodyne
receivers)

Control grid current

Heater current

Square inch |

Plate current

Intensity of radiant energy, of magnetization,
and others.

Joules of energy or work

Dielectric constant. Sometimes for other
constants.

Kelvin temperature (absolute temperature)

Cathode

Kilocycle (1,000 cycles)

Kilovolt (1,000 volts)

Kilovolt-ampere (1,000 volt-amperes)
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kw Kilowatt (1,000 watts)
kwhr Kilowatt-hour (1,000 watt-hours)
L Self-inductance, henrys. Sometimes, with
. subnumbers, for mutual inductances.
1-f Low frequency (30 to 300 kilocycles)
log Common logarithm (The power to which
10 is raised to equal a number)
M Mutual inductance, henrys
Mﬂgnetomotive force, ampere-turns or gil-
erts

Abbreviation for prefix meg- or mega-, mean-
ing 1,000,000 times the unit named.
m Meter (39.37 inches)
Abbreviation for prefix milli-, meaning 1/1000
of the unit named.

ma Milliampere (1/1000 ampere)
Mc or Megacycles (millions of cyecles per second)
me
m.c.w. Modulated continuous wave
mf Microfarad (capacitance)
m-f Medium frequency (300 to 3,000 kilocycles)
mfd Microfarad (capacitance)
mh Millihenry (1/1000 henry)
mm Millimeter (0.03937 inch)
mm? Square millimeter
mmf Magnetomotive force, ampere-turns or gil-
berts
mmfd Micro-microfarad (one millionth of one micro-
farad of capacitance)
mv Millivolt (1/1000 volt)
mw Milliwatt (1/1000 watt)
N n Number of (as turns in a winding)
Average power, watts
P Instantaneous power, watts
Magnetic poles
p.d. Potential difference, volts
pf. Power factor (ratio of watts of power used to
volt-amperes of power in supply circuit)
Q Quantity of electricity or charge, coulombs
Q-factor; ratio of reactance to high-frequency
resistance.
R Resistance, ohms (average or effective value)
r Resistance, ohms (instantaneous value)
r-f Radio-frequency (adjective)

rms or Root-mean-square. Square root of mean of
squares of all instantaneous values; same
as effective value.

Re Plate resistance ,
Elastance, darafs. (reciprocal of capacitance)
s.C.C. Single cotton covered

s.c.e. Single cotton enamel covered
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sin
ss.c.
ss.e.

tr-f

a (alpha)
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Super-high frequency (above 3,000 mega-
cycles)

Sine (trigonometric function)

Single silk covered

Single silk enamel covered

Short wave (above 1,600 kilocycles)

Period of time

Absolute temperature

Centigrade or Fahrenheit temperature

Tangent (trigonometric function)

Tuned radio frequency

Transmission unit (usually the same as a
decibel)

Radiant energy, in joules, etc.

Ultra-high frequency (300 to 3,000 mega-
cycles)

Voltage, volts (average or effective value)

Voltage, volts (instantaneous value)

Volt-ampere (apparent alternating-current

power, product of volts and amperes)

Very-high frequency (30 to 300 megacycles)

Very-low frequency (below 80 kilocycles)

Volt-ohm-milliammeter

Vacuum tube

Work or energy, in joules, watthours, etc.

Watts of power

Watthour, energy

Reactance, ochms

Capacitive reactance, ohms

Inductive reactance, ohms

Crystal (frequency control)

Admittance, mhos (reciprocal of impedance)

Impedance, ohms (effective opposition to flow
of alternating current)

GREEK LETTER SYMBOLS
Temperature coefficient of resistivity

v (gamma) Conductivity

& (delta)

A change or variation. Decrement

e (epsilon) Base of Naperian logarithms. 2.71828

9 (theta)

x (kappa)

Phase angle or phase displacement
Time constant

Temperature

Dielectric constant; also other constants

A (lambda) Wavelength, meters

& (mu)

v (nu)

Amplification factor of tube.
Permeability of iron or steel.

Prefix for micro- (one millionth of units)
Magnetic reluctivity
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= {pi) 3.14159 Ratio of circumference to diam-.
eter of a circle.

o (rho) Volume resistivity

7 (tau) Time constant

& (phi) Magnetic flux

¥ (psi) Dielectric flux

Q (omega) Ohms of resistance
w (omega) Angular velocity.
= 2 X = X frequency in cycles

TUBE SYMBOLS

The tube symbols numbered I to 30 are those used in
schematic diagrams to represent the various basic types
of radio receiving tubes. These symbols show the ele-
ments in their electrical relation to one another in each
of the general types, but they do not show the relative
positions of base pins, which differ between tubes of the
same general class. Control grids may be connected to
top caps where such caps are not indicated on the sym-
bols, or the grid may be connected to a base pin where
the general symbol shows a cap.

Any symbol shown with a ﬁ?ament-cathode might be
re-drawn for a heater-cathode, and any shown with a-
heater-cathode might be rearranged for a filament-
cathode. Any given amplifier symbol may represent
either a power tube or a voltage amplifier. Rectifier
symbols are drawn for high-vacuum tuges. A gas-filled
rectifier or a mercury-vapor rectifier would be indicated
by placing a small dot inside the circle that denotes the
envelope in the symbol.

Letters for Tube Elements in Symbols

Ao—Oscillator anode H—Heater
D—Diode plate K—Cathode
F—Filament P—Plate
G—Control grid S8—Screen grid
Go—Oscillator grid Su—Supressor grid

Gs—Signal grid
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ANTENNA
Overhead Loop
GROUND CRYSTAL

Earthor  Counter-| Frequency Detector
Chassis poise

L o 4

SOURCES
A-Gce“em'og_c Cell Battery
1
O -
OO~ F
WIRING
Joined Not Joined Fuse

I I R R I
T 7 T

Termina! Lightning Arrestor

—0

- o — 44— —+ 3
Terminal Coupling Shielded

Strip or Plug Wires

Fig. 1-1. Symbols for antennas, sources and wiring.
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INDUCTORS

Air Core

Fixed Tapped Adjustable Variable

Iron Core Dust

- |

all1l)e

TRANSFORMERS

Air Core

Fixed Variable

3€ 30|35 3¢

Tuned

SET TEET

lron Core Dust

JE B ™

Fig. 1-2. Symbols for inductors and transformers.
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CAPACITORS

l
[

[ Fixed
_L Shielded ‘E|ectrolytic
+
Variable

P ..l_ Shielded
T %Rotor’r 'B

SOUND DEVICES

Loud Speakers

= |

Voice

ME]

Field

Microphone Telephone Receiver

© = 0% O

Phonograph Pickup

£ E A

Fig. 1-3. Symbols for capacitors and sound devices.
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CONTROLS
Switches
e — = _% =
Jacks .
Testing
=0 = N\
Relay Slider Key
—*:@ 5] = —
RESISTORS

Fixed Tapped 'Adjustoble Variable

A A —\NT\/W‘— —’V\q’\N\” WJ\(N‘—

Wﬂml:wkﬂ_{hfyfﬂ
— | r—tt_}—l\ﬁ

‘ =
METERS CONTACT
Voltmeter Galvano- ECTIFIER
meter
@ O o [—
-, _
Watt-
Ammeter DS
® O W .

Fig. 1-4. Symbols for controls, resistors, meters, rectifiers.
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2 P P {3 PP

K

1
4

1)

P P

G
@
K [

H
H 'K

P
HIT K
P P
A
HTTTK
P
&
/
HI TR

13
C’G

Fig. 1-5. Symbols for rectifier tubes, diode detectors, and triodes.
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Fig. 1-6. Symbols for pentodes, beam power tubes, mixers, and
converters.



Radio
MACHINE SCREWS
COARSE THREAD

Size  Threads  Diameter Tap Drill Sizes Clearance
per Inch inches Deep Medium Shallow Drill
1 64 0.073 54 53 49
2 56 .086 51 50 45 43
3 48 . 059 47 45 44 39
4 40 .112 44 43 42 33
5 40 .125 38 37 34 30
6 32 138 36 38 33 28
8 32 164 30 29 27 13
10 24 2150 26 25 22 11
12 24 . 216 17 16 2
1/4 20 . 250 8 7 1/4
5/16 18 L3125 1/4 F 5/16
3/8 16 L375  5/16 0 3/8
FINE THREAD
0 80 6.050 56  3/64 82
1 72 073 54 53 1/18 49
2 64 .086 51 50 49 44
3 56 049 46 45 44 39
4 48 112 43 42 3/32 33
5 44 125 38 37 7/64 30
6 40 .18 34 33 32 28
8 36 .164 30 29 28 16
10 32 .10 /32 21 20 10
12 28 . 2186 15 14 13 b4
1/4 28 . 250 3 7/52 1/4

WOOD SCREWS

N Threads  Diameter N Threads  Diameter
® per inch shank © perInch shank
(4] 32 0,060 9 14 0.177
1 28 .073 10 13 +190
2 26 .086 11 12 . 203
3 24 099 1z 11 . 216
4 22 .112 14 10 0242
5 20 125 16 5 . 268
6 18 .138 18 & .294
7 18 151 20 3 »320
8 15 .164 24 7 L8372
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S; Typical
Nyul;ggl- Type of Tube ’l}"gbe

1 Rectifier, half-wave ......................

2 full-wave ....vviiiiiiiiiiiiiiiiiiiae

3 doubler ....... ...l

4  Diode detector, single............cooenennn.

5 double ... ... ...,

6 Triode, single ..........c.ceviiiviininn...

7 1734 +

8 direct coupled .......... ...l

9" withtwo grids .........oviiiiinnnann,

10 with two plates......

11 with one diode plate.

12 with two diode pltaes

13 Tetrode voltage amplifier

14 power amplifier .......... .o, 48
15 Pentode, internal suppressor connection..... 6K6
16 external suppressor connection.......... 6SK7
17 17§ 1 1E7
18 with one diode plate.................... 6SF7
19 with two diode plates.................... 7E7
20 and triode ..... ..o, 6F7
21 and triode and diode plate............... 3A8
22 and rectifier ........ ... il 12A7
23 Beam power .....coiiiiiiiiiii i, 6L6
24 EWID e 26A7
25 and rectifier ........... . i, 70L7
26 Mixer, pentagrid ............... ... ooa.. 6L7
27  Converter, pentagrid ..................... 6SA7
28 triode-hexode .......................... 6K8
29 triode-heptode ............. ... ... ..., 6J8
30 octode ...... ...l 7A8

MACHINE SCREW TABLE

The table of machine screws lists diameters and
threads per inch of machine screws used in radio work,
also the sizes of drills for thread tapping holes and for
clearance holes. For metal fastenings the sizes up to
number 10 usually are of the coarse thread type, with
larger sizes in the fine thread type. Phenolic and other
hard insulating materials usually are tapped for coarse
thread screws. The most generally used sizes are 2-56,
4-40, 6-32, 8-32, 10-32, 12-24, and %4-20.

The three sizes of tap drills allow for deep threads or
extra full threads, for medium threads, and for com-
paratively shallow threads such as used for fast assembly.
Phenolic and other hard insulating materials usually are
tap drilled for shallow threads, by using the larger drill
sizes. Cast iron may be tap drilled with the smaller
sizes of drills. y



DRILLS NUMBERED AND LETTERED

Diam.

No.

Diam.

0.1066
«1040
.1015
.0995
.0980

.0960
.0935
.0890
.0860
.0820

.0810
.0785
.0760
.0730
.0700

0670
0635
0595
.0550
.0520

.0465
.0430
. 0420
.0410
. 0400

.0390
.0380
.0370
.0360
. 0350

«0330
. 0320
.0310
.0890
.0280

14

No.

Bnoo Y oZEDHR SHEDMQ'm HToowp

NS« d

Diam.

0.0260
. 0250
.0240
.0225
.0210

.0200
.0180
.0160
.0145
.0135

0,234

. +238

. 242
. 246
+ 250

« 257
« 261
. 266
. 272
. 277

. 281
« 290
« 295
302
«316

«323
. 332
. 339
. 348
.358

-+ 368
377
» 386
.397
«404
<413



GAGE
No. Thick-
ness
1 0.28%
2 . 266
3 « 250
4 . 234
5 .219
6 .203
7 .188
8 .172
9 .156
10,141
11 .125
12 .109
18 . 0938
114 ,0781
15 . 0703
16 .0625
17 .0563
18 . 0500
19 . 0438
20 .0375
21 . 0344
.22 .0312
23 .0281
24,0250
25 .0219
26 .0188
27 0172
28 0156
29 .0141
30 0125
31 .0109
32 .0102
33 .00938
34 ,00859
35 .00781
36 .00703
37 . 00664
38 . 00626
39
40

SHEET METALS

U. S. Standard

Lbs. per

Sq. Ft.
(Steel)

11.25
10.63
10.00

9.376.

1.125
1.0

«875
<75

.688
.625

. 563
.5

.438
.406

.375
344
313
.261

. 266
.25

American or Brown & Sharpe

Thick-
ness

0.289
.258
.229
. 204

.182
.162
<144
<129

.1144
.1019
. 0807
.0808

0720
0641
0571
.0508

. 0453
«0403
. 0359
.0320

.0285
.0253
«0226
.0201

.0179
0159
.0142
.0126

.0113
.0100
.00893
.00795

.00708
. 00636
. 00562
. 00500

. 00445
.00397
.00353
.00315

15

Brass Aluminum

4.10
3.65
3.25
2.90

2.56
2.28
2.03
1.81

«401
«357
".318
«283

. 252
.225
. 200
178

TN

<159
«141
.126
.112

<100

.0895
.0783
.0707

.0628
. 0560
. 0498

Lbs, per 3q. Ft,
Copper
13.40 12.80
11.90 11,40
10.60 10.15
9.46 9.05
8.41 8,05
7.49  7.17
6.67 6,39
5.94 5.68
5.29 5.07
4.71 4.5
4.19 4,02
3.74 3.58
3.33  3.19
2.96 2.84
2.64 2.53
2.35 2,26
2,10 2,01
1.86 1.78
1.66 1.59
1.48  1.42
1.32 1,26
1.17  1.12
1,05 1.00
.931  .890
.829 753
.738  .706
.657 .628
.589 560
.521  .499
.464 444
.413  .395
.368 ,352
.328 314
.292  .279
.260 . 249
.232  .221
.206  .197
.184  .176
.164 156
.146  ,139

.0444



CONVERSION OF UNITS

Multiply o Quantity
Qijven in These Units

ampere~turns

amp turne per inoch
Btu's
Btu's
oentimeters

oiroular nils
oirouler mils
oublio centimeters
oubio imohes
oublo inohes

degress, angular
dynes
feot
feet per minute
feet per seoond

foot-pounds
foot~pounds
foot~pounds
gellons
gausaes

gliberts

gilberts per centimeter

grans
horaepower
inches

inches
inchea
Joules
Joules
kilograms

kilolines
kilomatts
kilomatts
kilowatts
kilowatt-hours

1lines per square on.

lines per square inoh
liters

liters

lumens per square ft.

maxwells

meters

meters
millimeters
ounces

pounds

radians

radius of olrcle
square oentimeters
square inches

square mils
watts
watts
watts
watts

watt-hours
watt-hours
webers

16

By This
Number

1,287
0.48
178 .
0.2928
0.3937

0000005067
0.000000785
0.06102
16,367
0.00433

60
0.000036
0.3048
0,508

30.48

0.001286

3.281
39.357
0.05937
28.35
453.6
57.30
6.28318
0.1550
6.452

1,273
0.05682
44.28
0.7376
0.00134]1

To Find the Equivalent.
In These Units

gilberts
gilberts per om.
foot-pounds
watt-hours
inohes

square centimsters
square inches
oublc inches

oublc ocentimeters
gallona

minutes, angular
ounces

meters

oentimeters per seo.
centimeters per seo.

Btu's

Joules
watt-hours
cublo inches

- 1ines per square inch

aispere~turns
ampere-turns per inch
ounces

watts

oentimeters

millimoters
mils
foot-pounds
watt-hours
pounds

maxwells

Btu's per minute
foot-pounds per ses.
horsepower

Btu's

gausses
gausses
oubic inches
quarts
foot-garcdles

lines magpetio flux
Loet

inches .

inches

grans

grams .
degrees, angular
oircumference
square inchea
squere centimoters

oiroular mils

Btu's per minute
foot-pounds per min.
foot~pounds per ceo.
horsepower

Btu's
foot-pounds
maxwolls
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CENTIMETERS AND MILLIMETERS TO INCHES

ecm  mm  Inches ecm mm  Inches ecm mm  Inches
0.1 1 0,05937 3.6 36 1.417 7.1 71 2,795
2 2 ,07874 3.7 37 1.457 7.2 72 2,835
3003 .18 3.8 38 1.496 7.3 713 2,874
4 4 ,1575 3.9 39 1,535 7.4 74 2,913
.5 B .1869 4.0 40 1,575 7.6 75 2,953
0.6 6 .2362 4.1 41 1.614 7.6 76 2,992
.7 7 .2758 4,2 42 1,654 7.7 77 3.08)
.8 8 .3150 4,3 43 1,693 7.8 78 3,071,
.9 5§ 3543 4.4 44 1,732 7.9 79 3.110
1.0 10 3937 4.5 45 1,772 8.0 80 3.150
1.1 11,4331 4.6 46 1,811 8,1 81 3.189
1.2 12 .4724 4,7 47 1.850 8.2 82 3,228
1.5 13 .5118 4,8 48 1,890 8.3 83 3.268
1.4 14 5512 4.9 49 1.929 8.4 84 3,307
1.5 15 .5906 5.0 50 I.969 8.5 85 3,346
1.6 16 .6289 5.1 51 2.008 8.6 86 3,386
1.7 17  .6693 5.2 52 2,047 8.7 87 3.425
1.8 18 7087 6.5 53 2,087 8,8 88 3,465
1,9 19 .7480 5.4 54 2.126 8.9 89 3,504
2,0 20 .7874 6.5 55 2,165 9.0 90 3,543
2,1 21 ,.B268 5.6 5 2,205 9.1 51  3.583
2.2 22 .8661 5.7 57 2.244 9.2 92 3,622
2,3 23 .9055 5.8 58 2,283 9.5 93 3.661
2.4 24 .9449 5,9 59 2.323 9.4 94 3.701
2.5 25 9843 6.0 60 2,362 9.5 95 3,740
2.6 26 1,024 6.1 61 2,402 9.6 96 3,779
2.7 27 1,063 6.2 62 2,441 9.7 97 3.819
2.8 28 1.102 6.3 63 2,480 9.8 98 3,858
2,9 29 1.142 6.4 64 2.520 9.9 99 3,898
3.0 30 1.181 6.6 65 2,559 10.0 100 3.3%9
3.1 31 1.220 6.6 66 2,598 20,0 200 7.874
3.2 32 1,260 6.7 67 2,638 30.0 300 11,811
3,3 33 1.299 6.8 68 .2,677 40.0 400 15.748
3.4 34 1.339 6.9 " 69 2,717 $0.0 500 19.685
3.5 35 1,378 7.0 70 2,756

The teble may be extended by moving the decimal point the same

number of places in the seme direction in all three guantities.
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DECIMAL EQUIVALENTS OF FRACTIONS

1/64

YR e

. 015625
.03125
.046875
.0625

078125
.09375
+10937¢
.126

.140625
,15625
.171875
+1875
.203125
.21875
. 234375
.25

. 265625
.28125
.296875
.3125

. 328125
. 34375
. 359375
.375

. 390625
.40625
.421875
<4375
.453125
+46875
.484375
.5

29/32
15/16 - - -
51/32

33/64

. 515625
.53125

. 546875
.5625

« 578125
.59375

.609375
.625

. 640625
65625

.671675
.6875

. 703125
. 71875
. 734375
.75

. 765625
78125
. 786875

.8125
.828125
84375
.659375
.875

.890625
. 90625
.921875
L9375
.953125
.66875
. 984375
1.0
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CENTIGRADE TO FAHRENHEIT TEMPERATURE

c F c F c F [of F
40° - 40,0° - 5% 4+ 23.0° 20°  68,0° 45°  113,0°
38 -36.4 - 4 +24.8 21 69.8 46 114.8
3% - 32.8 - 3  +26.6 22 7.6 47  116.6
4 =292 - 2 +28.4 23 73.4 48 1184
32 - 25.6 -1 + 30.2 24 75.2 49 120.2
30° - 22,0° 0° 4 32.0 25°  77.0° 50°  122,0°
28 - 18.¢ + 1 +33.8 26 78.8 52 126.6
26 - 14.8 + 2+ 356 27 80.6 54 129.2
%4 -1.2 + 3 +37.4 28 82.4 56  132.8
22 - 1.6 + 4 +39.2 29 84.2 58 136.4
20° - 4,0° §° 41,0 30°  86.0° 60  140,0°
19 - 2.2 ] 42.8 3 87.8 62  143.6
18 - 0.4 7 44.6 32 8.6 64 147.2
17+ 1.4 8 46.4 33 91.4 66  150.8
16+ 3.2 9 48.2 3¢ 93.2 68  154.4
15°  + 5.0° 10° 50.0 35°  95,0° 70°  158.0°
14 + 6.8 n 51.8 36 $6.8 75 167.0
13 + 8.6 12 5346 37 98.6 80  176.0
12+ 10.4 13 55.4 38 100.4 85  185.0
11 +12.2 14 57.2 39 102.2 9%  194.0
10°  + 14.0° 15° 59.0 €0°  104.0° 95°  203.0%
9  +15,8 16 60.8 41 105.8 100 212.0
8  +17.8 17 62.6 42 107.6 106 221.0
7 +19.4 18 64.4 43 109.4 110 250.0
6 +212 19 66.2 4 1.2 115 239.0

To change centigrade to Fahrenheit equivalent:

1. Multiply the number of centigrade degrees by 9.

2. Divide the product by 5.

3. Add 32 degrees. That is, the centigrade temperature
will be 32 degrees higher (more positive or less
negative) than the product found in step 2 above.

To change Fahrenheit to centrigrade equivalents:

1. From the number of Fahrenheit degrees subtract
32, If this gives a negative number the centigrade
temperature will be below zero.

2. Multiply by 5 the number found in step I above.

3. Divide the product by 9.
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SQUARE ROOT TABLE

The table lists square roots, correct to four significant
figures, of numbers from 1 to 9.9 by tenths and of whole
numbers from 10 to 99.

The range of the table may be extended as follows:
When the decimal point is moved two places in the
number it must be moved one place in the square root.
The point is moved the same direction in both number
and root. For example; the table gives the square root
of 17 as 4.123. Then the square root of 0.17 is 0.4123,
and of 1700 it is 41.23.

TRIGONOMETRIC FUNCTIONS TABLE

The table lists natural sines, cosines, tangents, and
cotangents for each degree from 0° to 90°.

For values of sines between 0° and 45° read down-
ward in the column headed Sine, and for values between
45° and 90° read upward in the column having the
word Sine at the bottom. The left-hand column of
angles reads downward from 0° to 45°, and the right-
hand column of angles reads upward from 45° to 90°.

For cosines read downward from 0° to 45° in the
column headed Cosine, and from 45° to 90° read upward
in the column having the word Cosine at the bottom.

For tangents read downward in the column headed
Tangent from 0° to 45°, and upward from 45° to 90°
in the column having Tangent at the bottom. For co-
tangents read downward in the column headed Cotan
from 0° to 45°. and upward from 45° to 90° in the
column having Cotan at the bottom.

Ezample: For 25°, sin = 4226, cosin = .9063, tan
= 4663, cotan = 2,1445. For 65°, sin = .9063, cosin
= 4226, tan = 2.1445, cotan = .4663

VALUES INVOLVING = (Pi)

= 314159 log = = 0.4071
5 = 15708 log 5 = 0.1961
%— = 031831 2 r = 628318
= 98696 log =* = 0.9943
;1,— = 0.10132 1,, = 05642
= 177245 log V7= 02486
= = 31.0063 _ Vi=14646
4= 125664 /7 _ 12533

vV 2
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Root

1.000
1.049
1.095
1.140
1.183%

1.225
1,265
1.304
1.342
1,378

1.414
1.449
1.483
1.517
1.549

1,581
1.612
1.643

1.703

SQUARE ROOTS

No.

.
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Root

2.345
2.336
2,387
2.408
2.429

2,449
2,470
2,490
2,510
2.530

2.550
2.569
2.588
2,608
2,627

2,646
2,665
2,683
2.702
2,720

2,739
2,757
2,775
2,793
2,811

2.828
2.846
2.864
2.881
2.898

[LRCRZN N
0O 002

No.

Root

3.162
3.317
3.464
3,606
3.742

3.873
4.000
4,123
4,243
4,359

4,472
4,583
4,690
4,796
4,899

5.000
5.099
5.196
5.292
5.385

5.477
5.568
5.657
5. 745
5.831

5.916
6.000
6.083
6.164
6.245

6.325
6.403
6.481
6.557
6.633

6.708
6,782
6.856
6.928
7.000

7.071
7.141
7.211
7.280
7.348

55
66
57

59

60
61
62
63
64

65
66
67
68
69

70
71
72
73
74

75

77
78
79

80
81
82
83
84

85
86
87
88
89

<0
91
92
93
94

95
96
97

929

9.487
9.539
9,592
9,644
9.695

9.747
9.798
9.849
9.899
9.950



19°

20°
21°
22°
23°
24°

25°
26°
27°
28°
29°

30°
31°
32°
33°
34°

35°
36°
37°
38°
39°

400
41°
42°
43°
44°
45°

TRIGONOMETRIC FUNCTIONS

Sine

0.0000

L0175
.0349
.0523
.0698

.0872
. 1045
.1219
.1392
«1564

.1736
.1908
. 2079
. 2280
« 2419

.2588
«2756
.2924
«3090
+3256

.3420
«3584
3746
.3907
.4067

.4226
4384
.4540
.4695
.4848

. 5000
. 5150
. 5299
. 5446
. 5592

. 5736
.5878
.6018
.6157
.6293

.6428
. 6561
.6691
.6820
.6947

.70
Cosine

Cosine

1.0000
.9998
.9994
.9986
.9576

9962
.9945
.9925
+9903
.9877

.9848
.9816
.9781
.9744
.9703

. 9659
.9613

9563

.9511
. 9455

«9397
.9336
.9272
+9205
.9135

.9063
.8988
.8910
.8829
.8746

.8660
.8572
.8480
.8387
.8290

.8192
.8090
.7986
. 7880
7771

« 7660
.7547
. 7431
.7314
. 7193

. 7071
Sine

Tangent

0.0000
.0175
.0349
.0524
. 0689

.0875
+1051
.1228
«1405
.1584

<1763
.1944
.2126
. 2309
#2493

«2679
. 2867
. 3057
.3249
» 3443

.3640
. 3839
. 4040
.4245
.4452

. 4663
.4877
. 5095
. 5317
« 5543

5774
«6009
.6249
6494
6745

. 7002
. 7265
. 7536
. 7813
.8098

.8391
.8693
+9004
.9325
.9657

1.0000

Cotan
22

Cotan

57.290
28.636
19.081
14.301

11,430
9,5144
8.1445
7.1154
6.3138

5.6713
5.1446
4.7046
4,3315
4,.0108

3,7321
3.4874
3.2709
3.0777
2,9042

2. 7445
2.6051
2.4751
2,3559
2.2460

2,1445
2.0503
1.9626
1.8807
1.8040

1.7321
1.6643
1.6003
1.5399
1.4826

1.4281
1.3764
1.3270
1.2799
1.2349

1.1918
1.1504
1.1106
1.0724
1.0355

1.0000

Tangent

Angle

90°
89°
88°
87°
86°

8s°
84°
83°
82°
81°

80°
79°
78°
77°
76°

75°
74°
73°
72°
e

70°
69°
68°
67°
66°

65°
64°
63°
62°
61°

60°
59°
580
57°
56°

55°
540
53°
52°
51°

500
49°
480
47°
460
45°
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UNKNOWN VALUES FROM FORMULAS

Frequently there exists among the terms of a known
formula one whose value it is desired to determine, but
the formula as originally arranged gives the value of
some quantily other than the one desired. In many
cases the terms may be rearranged to produce a new
formula in which the desired quantity is made equal to
the result of mathematical operations performed on the
others.

If the arrangement of terms in the known formula is
like that of any of those shown here, the terms may be
rearranged in any of the ways included in the same
group. The letters used in the sample formulas do not
represent any particular quantities or numerical values;
they serve only to illustrate the various arrangements
which are equivalent. .

S _a _a
a=bec b_.c c_b
d= Ve e=d’
fg = hj A ; f p 9= h"j i=

l

Vs oy f8 VT o S e s oy
== p_\/r' r_p r__p.,s_.p s= (pr)
1 _ 1 1 1
t=uvViw tVow T tutw thuty

Ezample: A formula for impedance is, Z =Vr X,
where Z is impedance, r is resistance, and z is reactance,
all in ohms. This formula for impedance is of the same
form as k = y/m® 4 n’ in one of the groups. By changing
the impedance formula into the other forms in the same
group there will be produced formulas for resistance and
for reactance. The rearrangements are made by substi-

tuting Z for k, r for m, and z for n. This gives the new
formulas.

m = Vk* — n* becomes r=vVZ4'—-x

n = Vk? — m* becomes x=VZ —r



Section 2
RESISTANCE AND INSULATION

Computing Resistances.—A convenient method for deter-
mining the resistance of a conductor of any material,
length, and cross sectional area is to use in a simple
formula the value of the resistivity of that material per
circular mil-foot. IResistivity means the rvesistance of a
section or a portion of material which is of definitely
specified and limited size, while resistance is the opposi-
tion of the entire body of a conductor. A circular
mil-foot is a eylindrical portion of material one foot long
and having a diameter of 1/1000 inch. The table of
Conductor and Resistor Materials lists circular mil-foot
resistivities of materials commonly used in radio work.

The total resistance of any conductor. in ohms, is equal
to the product of its length in feet by its circular mil-foot
resistivity, divided by its cross sectional area in circular
mils, thus,

Ohms = Ieng[h, fJeet X 1‘(’-\'isl1'1’ity. cire. 'IIL?.Z-'“.
cross sectional area tn circ. mals

The cross sectional areas of wires are listed in the
Copper Wire Table. The area in circular mils of any
round conductor is equal to 1,600,000 times the square of
its diameter in inches. The cross sectional area in circular
mils of a conductor of any shape is equal to 1,273,000
times its cross section in square inches.

Ezxample: What is the resistance in ohmns of 54 feet of
number 24 gage aluminum wire?

The circular mil-foot vesistivity of aluminum is given
by the table as 17. From the copper wire table the cross
sectional avea of 24 gage wire is found to be 404 circular
mils. Placing these values in the formula gives,

Ohms — ¢ (feet) X 17 _ 918 — 097

404 04
In some tables the resistivity of materials is given in
microhms (millionths of an ohm) per cubie centimeter.
Conversions are as follows:

Microhms per cu. em. X 6.0153 = Ohws per cirve. mil-ft.

Ohms per cire. mil-ft, X 0.1662 = Microhms per cu. em.

Temperature Coefficient of Resistivity—Resistance deter-
mined from valucs of mil-foot resistivity given in the
table arc those which exist when the material is at a
temperature of 68° I. (20° C.). The change of resistance
at higher or lower temperatures is found by using the
temperature coefficient of resistivity listed in the table.
Conductor and Resistor Materials,

24
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The change of resistance in ohms is equal to the
produet of the original resistance in ohms, the number of
degrees difference between the two temperatures, and the
temperature coeflicient of resistivity, thus,

Change _ original X degrees
ohms —  ohms difference

Krample: What is the resistance of an aluminum con-
d)uctor at 120° F. when its resistance at 68° F. is 227
ohms?

The difference between 120° and 68° is 52°. The tem-
perature coefficient for aluminum is listed in the table as
0.0022. Putting these values in the formula gives,

Chenge = 2.27 X 52 X 0.0022 = 0.26 ohm

Since the resistance of aluminum increases with rise of
temperature, the change of 022 ohm is added to the
original resistance of 227 ohms, giving the resistance as
249 ohms at 120°.

Were the temperature decreased below 63° F., any
computed change of resistance would be subtracted from
the original resistance to find the resistance at the lower
temperature.

Resistance does not change at a constant rate with
change of temperature. That is, the temperature co-
efficient itself varies with temperature.

It is advisable to specify the temperature when giving
resistances. Resistances at normal working temperature
often are called hot resistances, while tﬁose at room
temperature are called cold resistances. There may be
great differences between the two resistances.

In some applications it is desirable that there be very
little change of resistance with variations of temperature.
This result may be attained by making an entire circuit
of some alloy metal having a very small temperature
coefficient. When most of the conductors in a eircuit
must be of materials having a rather high positive co-
efficient, it is possible to insert one or more resistors
made of material having a negative coeflicient. Then
the increase of resistance in the body of the circuit is
counteracted by an approximately equal decrease of
resistance in the units having a negative coefficient.

RESISTANCE WIRE TABLES

The resistances in ohms per foot of wires listed in the
tables are based on resistivities of certain numbers of
ohms per circular mil-foot. Consequently, the resistance
values may be used for other kinds of wires having the
same or nearly the same resistivities. For example, re-
sistivities in the table for Advance wire would apply to
constantan wire which has the same resistivity.

Diameters and cross sectional areas for the various
American Wire Gage sizes are the same as listed in the
Copper Wire Table.

X coefficient



CONDUCTOR AND RESISTOR MATERIALS

Ohms

Kind of Material per Circ. Mil-ft.
or Trade Name at 68° F.
Advence 29%4
Aluminum 17
Brass, common 49
high brass 41
low brass 35
Carbon 21000
Chromel 540
Constantan 294
Copper, annealed 10.4
Uss 10.55

hard drawn 10.65

German silver, 18% 198

Graphite 4800
Ideal 295
Iron, pure ) 60
cast 540
wrought 84
Lead 115
Lucerno . 275
Magnesium, pure 277
Menganin 270
Nickel 52
Nickel silver, 30% 240
Nichrome II 660
III 540
Iv 625
Novar 296
Flatinum 72
Silver 9.75
Steel, crucible 115
galvanized 67
hard 162
manganese 420
Tungsten 33.2
Zine 38

26

Temperature
Coefficient of
Resistance
per Degree F,
0.00001
. 0022

.001

= 0.00028

. 000005

. 00218
.002
.00212

.00018

. 000005
. 0031

.0023
.001

.0022
.00001
.0027
. 0001

. 00013
.0001
. 00006

.0021
.0021

. 0017
,.001
. 0005

.0025
.0021



GAGE

No.

0000
000

o
o O

W ~3 D D

COPPER WIRE TABLE

DIAM.
Inches

0.4600

CROSS SECTION

Circular

Mils

211,600

.4096 167,800
.3648 133,100
.3249 105,500

.2893
. 2576
.2294
. 2043

.1819
.1620
«1443
.1285

.1144
.1019
.09074
.08081

.07196
. 06408
05707
. 05082

. 04526
.04030
.03589
.03196

.02846
. 02535
.02257
.02010

.01790
.01594
.01420
.01264

.01126
.01C03
. 008928
007950

.007080
. 006305
. 005615

. 005000
. 0044483
.003965
. 003531
. 003145
.00280
.00250
.00220
. 00200
.00175
. 00150

83,690
66,370
52,640
41,740

33,100
26,250
20,820
16,510

13,090
10,380
8,254
6,530

4
5,178
4,107
3,257
2,583

2,048
1,624
1,288
1,022

810.1
642.4
509.5
404.0

320.4
254.1
201.5
159.8

126.7

100.5
79.70
63.21

50.13
32,75
31.52
25.00
19.83
15.72
12,47
9.88
7.845
6.250
4,850
4,900

3.063
2.250

Square

Inches

.1662

.08289

.06573
.05213
04134
.Q3278

. 02600
.02062
.01638
.01297

.01028

.008155
.006467
.005129

.004067
. 003225
. 002558
.002028

.001608
.001276
.001012
.000802

.000636
. 000505
. 000400
. 000317
0002517
. 0001936
.0001583
.0001255

. 0000995

. 0000789 -

.0000626
. 0000496

. 0000394
. 0000312
. 0000248

. 0000196
. 0000156
. 0000124
. 0000028
.0000078
. 0000062
« 0000049
. 0000038
.0000031
. 0000024
. 0000018

27

RESISTANCE
at 68° E.
Ohms per Feet
1,000 Ft.  per Ohm
0.0490 .20, 400
.0618 16,180
0779 12,830
. 0983 10,180
.1239 8,070
1563 6,400
.1870 5,075
<2485 4,025
L3133 3,i92
<3951 2,531
.4982 2,007
.6282 1,592
. 7921 1,262
.9989 1,001
1.260 794
1.588 630
2.003 459,3
2.525 396.0
3.184 314.0
4,016 249.0
5,064 197.5
6.385 156.6
8,051 124,2
10.15 98.5
12.80 78.11
16.14 61.95
20.36  49.13
25.67 38,96
32,37 30,90
40,81 24, 50
51,47 19,43
64.90 15.41
81.83 12,22
103.2 9,691
130.1 7.685
164.1 6,095
206.9 4.833
260.9 3.833
329;0° 3.040
414.8 2,411
523.1 1.912
659.6 1.516
831.8 1.202
1049. .953
1323, .758
1659 .603
2138 .467
2592 . 388
3390 .255
4610 <217
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RESISTANCE WIRE - MANCANIN

270 ohms per circular mil-foot at 68° F.

SIZE Ohms Ohms Feet Lbs. per
AW.G. per Foot per Pound per Pound 1000 Ft.
10 0.026 0.88 34.8 28.6
12 .041 2.22 54.5 18.2
14 .066 5.62 89.5 11.5
15 .083 9.40 109.0 9.20
16 .103 14.9 139 7.20
17 .133 23.8 179 5.60
18 .168 39.6 226 4.42
19 <203 60.4 275 3.58
20 . 263 96.6 353 2.83
21 .332 153 446 2.24
22 .421 247 565 1.77
23 .528 379 709 1.41
24 .668 653 893 1.12
25 .843 983 1123 .89
26 1.068 1580 1429 .70
27 1.339 2380 1786 .56
28 1,700 4020 2273 .440
29 2.114 6250 2857 .350
30 2.700 10100 3623 .276
31 3.409 16100 4566 .219
32 4,219 24700 5656 177
33 5.357 39500 7194 .139
34 6.801 64000 9091 .110
35 8,598 102000 11490 .087
36 10.80 162000 14490 .069
37 13.36 238000 17860 .056
38 16.87 389000 22220 .045
39 22,13 675600 29410 .034

40 30,00 1240000 40000 .025



RESISTANCE WIRE— ADVANCE

294 ohms per circular mil-foot at 68° F.

SIZE Ohms Ohms Feet Lbs. per
AW.G. per Foot perPound  per Pound 1000 Ft.
8 .017 .331 20.7  4g.3
9 .022 . 559 25.4 39.4
10 .028 .888 31.7 3.6
11 .035 1,410 40,3 24.8
12 044 2,248 51,0 19.5
13 .056 3.575 65.8 15,7
13 071 5.678 80.0 12.5
15 . 050 9,030 100.0 10.0
16 .113 14.36 127 7.87
17 .145 22.83 161 6.21
18 .164 3€.29 204 4.90
19 .226 57.71 256 3.90
20 .287 91.74 323 3.10
21 .362 145.9 403 2. 48
22 .460 232,0 526 1.78
23 .575 569.0 667 1.50
24 725 586.6 833 1.20
25 919 932.9 1031 “970
26 1,162 1483 1299 .769
27 1.455 2358 1639 “610
28 1.850 3749 2083 .480
29 2,300 5964 2632 .380
30 2,940 9470 3334 2300
31 3.680 15075 4167 . 240
32 4.60 23970 5263 .180
33 5.83 38110 6667 ‘1%0
34 7.40 60620 8333 120
35 9.36 96340 10530 T 0sS
36 11.75 153240 13160 .0760
37 14,55 243650 16670 L0600
38 18.38 538360 21280 -0470
39 24,10 616000 26320 .0380
40 32.66 1183000 35710 . 0280
41 38,89 1850000 47600 S0210
42 46.40 2730000 58900 L0170
43 58.10 4150000 71500 -0140
44 72,50 66000C0 91000 .. 0110
45 96.08 12000000 125000 . 0U80-
45 130.67 21600000 166700 . 0060

29



SIZE
AW.G

8

RESISTANCE WIRE —~NICHROME

660 ohms per circvlor mil-foot ot 68° F.

Ohms
per Foot

. 0408
.0509
.0632
. 0805

.1018
.1278
.1610
. 2036

.2556
.3220
. 4072
. 5112

.6485

.8175
1.031
1.292

1.634
2.060
2,611
3.274

4,159
5.168
6,600
8.353

10.31
13.10
16,62
21,02

28,40
32,67
41,24
54.10

73.33

87.30
105.6
130.4

165.0
215.7
293.3

Ohms
per Pound

.903
1,418
2,205
3. 500

5.66
8.93
14.25
22,18

35, 50
57.62
92,00
142.6

228.3
364.6
582.3
916.0

1455
2310
3729
5830

9438
14740
23870
37950

58190
94160
1507C0
2409C0

3817C0
583000
916300
1591000

2566000
4140000
6230000
9310000

15000000
26800000
48700000

30

Feet
per Pound

22.2
27.8
34.5
43.5

55,6

69.9

38.5
109

139
179
226
-279

353
446
565
709

893
1123
1429
1786

2273
2857
3623
4566

5650
7194
9091
11490

14490
17860
22220
29410

40000
47600
68900
71500

91000
125000
166700

3.58
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COLOR CODING OF RESISTORS

With small composition resistors the resistance in
ohms and the accuracy or tolerance ag a percentage may
be indicated by colors placed on the resistor in accord-
ance with the table, KMA Color Code for Resistors.
The number of ohins indicated by the colors is made up
of one or more numerals from 0 to 9, called “significant
figures,” and of additional ciphers as needed to complete
the number. How many ciphers are to be added is shown
by the color corresponding to the “decimal multiplier.”

RMA COLOR CODE FOR RESISTORS

Color Significant  Ciphers To Multiplier
Figures Be Added Decimal
Black ........... 0 none 1
Brown .......... 1 1 10
Red ............ 2 2 100
Orange ......... 3 3 1,000
Yellow .......... 4 4 10,000
Green .......... 5 5 100,000
Blue ............ 6 6 1,000,000
Violet .......... 7 7 10,000,000
Gray ........... 8 8 100,000,000
White .......... 9 9 1,000,000,000
Tolerance, 4 or —

Gold ......ccivvinnnn. 5% 1/10 or0.1
Silver ......oooiiiiaa 10%% 1/100 or 0.1
No color ....ovvvnnn... 20%

The standard tolerances are 5%, 10% and 20%, mean-
ing that the actual resistance may be either in excess of
or less than the marked value by these percentages.
Gold and silver are used only for tolerance indications,
except in a special system to be explained later, and if
neither one appears the tolerance is 20%.

The method of using the color code for resistors hav-
ing radial leads, or leads which extend from the side of
the resistor, is shown by Fig. 2-1. The color of the body
of the resistor indicates the f{irst significant figure, the
color of the tip or end indicates the second significant
figure, and a central dot or band of color indicates the
number of ciphers to be added. Tolerance may be indi-
cated by gold or silver at the other end.

Ezamples: A red body, a green tip, and a yellow dot
show that the first fizure is to-be 2,-the second to be 5,
and show that four ciphers are to be added. This makes
250,000 ohms. If there is neither gold nor silver the
tolerance is 20%.

A violet body, black tip, black dot or center band, and
silver end indicate 70 with no eciphers added, and a
tolerance of 10%.
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Fig. 2-2 shows the older method of using the color
code with resistors having axial leads, or leads coming
out of the ends. The body color shows the first signifi-
cant figure. the second figure is shown by a color on or
near onc end. and tolerance is shewn by gold or silver
cither at the opposite end or outside the numeral color
that is near one end.

anb T st Multlpller
(Ti (Body) Zﬂd Toler'*nce
Multlplle
(Dot or Band) —!T.j:
Ist
m (agay)
e VAT
Tolerance Multiplier
Toleronce
Fig. 2-1. Radial lead coding. Fig. 2-2. OId axial coding.

With the systems shown by Figs. 2-1 and 2-2, absence
of a dot or a band of color means that the dot or band,
if present, would be of the same color as the body. Thus,
a resistor with orange body and neither a tip color nor
a central dot or band color would, in effect, have orange
for all three positions. Its value would be 33,000 ohms;
03d3 éor the body, 3 for the dot or band, and 3 ciphers
added.

Figures Ist 2nd. Multiplier Ist. 2nd.3rd Tolerance
\ Multiplier

Significant

Figures

v//'/Toleronce

Fig. 2-3. New color coding for axial leads.

The newer system for units with axial leads or end
leads is shown by Fig. 2-3. With this system the bands
of colors commence at ox closc to one end of the resistor,
they exiend all the way around, there are spaces betwcen
adjacent bands, and all values are shown by color bands
with no attention paid to the color of the main body of
the resistor. The colors are read in order from the end
at which they commence. If there are three bands the
order is; first significant figure, second significant figure,
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multiplier. If there are four bands the fourth one indi-
cates tolerance, and will be either gold or silver. If
there are five bands, the first three Indicate three sig-
nificant figures, rather than the two significant figures
otherwise shown. Then the fourth band indicates the
multiplier, and the fifth the tolerance.

When three significant figures are to be shown, all five
bands must be employed. With five bands gold may
indicate the multiplier of 1/10 or 0.1, and silver may
indicate the multiplier or 1/100 or 0.01. The fourth band
always is the multiplier in this five-band system, and it
may show that 1/10 or 1/100 of the value is to be taken.
The fifth band always is the tolerance band, and it may
be either gold or silver.

Preferred Numbers for Resistance Values.—It is becoming
common practice to employ resistors whose resistance
values are confined to a limited group of numbers and
other numbers formed by adding ciplers. These are the
RMA Preferred Number Values. The preferred numbers
between 10 and 100 arc listed in the table.

RMA PREFERRED NUMBERS

20% 10% 5%
Tolerance Tolerance Tolerance
10 10 10

11

12 12

13

15 15 13
16

18 13

20

22 22 10
24

27 2T

20

33 33 33
26

39 39

47 47 5
51

56 56

62

638 68 63
D

52 2

o1
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The table shows that the resistances of all resistors
having a tolerance of plus or minus 20% should be
10, 15, 22, 33, 47, or 68 ohms, or else should be of these
numbers multiplied by 10, 100, 1,000 and so on. For
example, based on the number 47, there would be 20%
tolerance units of 47, 470, 4,700, 47,000 470,000 and
greater values of resistance; always consisting of the
figures 47 with ciphers added.

With such a series of resistance values as shown in the
20% column it is possible to cover a complete range of
resistance, as follows: A unit lhaving a nominal resist-
ance of 10 chms may have an actual resistance of be-
tween 8 and 12 ohms. One having a nominal resistance
of 15 ohms might have an actual resistance between
12 and 18 ohms. One of nominal 22 ochms would cover
from 17.6 to 26.4 ohms. Thus these three values of 20%
resistors cover the range from 8 to 264 ohms. Similar
analysis of the remaining 20% numbers, 33, 47 and 68,
would show coverage all the way to 81.6 ohms, and then
the minimum value of a 100-ohm unit would carry on
from S0 ohms.

The same prineiples apply with the preferred numbers
for 10% tolerance and for 5% tolerance. For example;
consider the preferred numbers 15, 18 and 22 in the 10%
tolerance group. The actual resistance of a 15-ohm 10%
unit may lie between 135 and 16.5 ohms. The 18-ohm
unit, plus or minus 10%, covers from 162 to 19.8 ohms.
The 22-ohim unit actually covers from 19.8 to 242 ohms.
These three nominal values cover from 13.5 to 242 chms
with no gaps. There is no need for intermediate values
in any of the tolerance groups, because any intermediate
value would fall within the plus or minus limits of one
of the preferred values.

Table of Resistor Color Coding.—The table of Resistor
Color Coding shows, for all resistors of preferred number
values and for most of the older standard values, the
resistances in ohms corresponding to various arrange-
ments of colors. The two columns at the left list the
colors which indicate the first and second significant
figures according to color positions shown by Figs. 2-1
to 2-3. The next seven coluinns, headed Multiplier Color
and having colors named at the top of each column,
show resistance values when the color listed at the top
is in the multiplier position as shown by Figs. 2-1 to 2-3.
The three right-hand columns indicate whether resistors
of values listed on each line usually are found with 20%
tolerance (no tolerance color), with 10% tolerance
(silver), or with 5% tolerance (gold). Some resistor
values come in all threc tolerances, others come only in
10% or 5% tolerances, and still others come only in
5% tolerance,

To look up the value of resistance of a resistor having
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a given color arrangement, find the first two colors in
the first and second columns at the left. Then find the
third (multiplier) color at the top of one of the middle
columns. At the intersection of the line and column is
shown the resistance in ohms or megohms. The mean-
ing of a tolerance band or tip (silver or gold) is found
by following along the line to the right-hand columns.

The color coding for any standard value of resistance
is found by locating the number of ohms resistance in
one of the columns, referring to the first and second
colors on the same line at the left, and to the multiplier
color at the top of the same column. Tolerances which
usually are available in stock units are shown on the
sanie line, in the right-hand columns.

Many other values are indicated on resistors by appro-
priate arrangements of colors in accordance with the
principles explained in this section.

RESISTOR COLOR CODING

FIRST  SECOND ~————MULTIPLIER COLOR———— TOLERANCE COLOR
COLOR  COLOR  giock Brown Red Orenge Yellow Green Blve None Silver Gold
(megchms)  20% 16% 5%

Brown  Bleck 10 100 1,000 10,000 100,000 1.0 10 © x 1
Browa Bromn 1 110 1,160 11,000 110,000 1.1 x
Brown Red 12 120 1,200 12,000 120,000 1.2 2 2
Brown  Orange 13 130 1,300 13,000 130,060 1.3 x
Lrown  Green 15 150 1,500 15,000 150,000 1.5 1§ L] z x
Brown  Blue’ 16 160 1,600 18,000 160,000 1.8 x
Brown  Grasy 18 10 1,800 18,000 180,CC0 1.8 x x
Red Blaock 20 200 2,000 20,000 200,000 2.0 20 © x x
Red Red 22 220 2,200 22,000 220,000 2.2 ° x x
Fod Yellow 24 240 2,400 24,000 240,000 2.4

Red Green 25 250 2,500 25,020 250,000 2.5 © x z
Red Violet 27 270 2,700 27,000 270,000 2.7 x x
Orangs  Black 30 300 3,000 30,000 300,000 3.0 © x =
Orenge Orange 33 330 3,300 33,000 330,000 3.3 ° x x
Orange Groen 30 35,500 35,000 © z x
Orange Blue 36 360 3,600 36,000 360,000 3.6 T
Crenge fhite 39 390 3,900 39,000 390,000 3.9 z z
Yollow Black 40 400 4,000 40,000 40C,000 4.0 L] x =
Yellow Orange 43 430 4,300 43,000 430,000 4.3 x
Yollow Green 450 ° x x
Yellow Viclot 47 470 4,700 47,000 470,000 4.7 o x 2
‘Green  Blaock 50 500 5,000 50,000 500,000 5.0 ° z x
Green  Brown 51 510 5,100 51.000 510,000 5.1 2
Green  Blue 9% 580 5,800 55,000 6€0,000 5.6 x x
Blue Black 600 6,000 60,000 600,000 6.0 © z x
Blus Red 62 620 6,200 €2,000 620,0.0 6.2 x
Blue Groen 65,000 ° z x
Blue Gray 68 680 6,800 68,000 660,000 6.8 © z x
Vielet Blsok 7,000 70,000 7.0 o x x
Violet Green 75 750 7,500 75,000 750,000 7.5 © x x
Gray Black 800 8,000 © x x
Gray Red 82 820 8,200 62,000 820,000 8.2 x x
White  Black , 000 ° x £

L]
¥hite Brown 121 910 9,100 91,000 910,000 9.1 x
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INSULATION

Dielectric Strength—~When insulation is subjected to a
large potential difference there is an exceedingly small
electron flow through and across the insulation, and, at
the same time, the electrons in the atoms are pulled one
way or the other while remaining in the atoms. If the
potential difference exceeds a number of volts called the
breakdown wvoltage or the diclectric strength of the
material, molecules are torn bodily from their places
and the insulagion is punctured or ruptured. Electron
flow then passes through the opening and, if continued
at a great enough rate, the resulting heating will burn
and char the material around the opening.

Dielectric strength increases with thickness of insula-
tion, but not directly. For example, 1/100 inch of a
certain grade of mica withstands 19,600 volts, but 2/100
inch withstands only 29,600 volts, which is not twice as
much, and 4/100 inch withstands 48,000 volts, which is
not four times as much as with one-fourth the thickness.

Dielectric strength varies with method of manufacture.
For instance, phenolic insulation which is molded has
less strength than the same kind of material formed into
layers, or laminated. Alternating potentials reduce the
strength in comparison to its value at direct potentials,
and there is a decided decrease as the frequency in-
creases. Many materials satisfactory for power and light-
ing frequencies are not suited for radio frequencies.

Dielectric strength decreases with rise of temperature,
it decreases if moisture penectrates the imsulation, it
decreases as potential differences are applied for longer
and longer times, it is affected by the time intervals
between applications of potential, and it varies with the
shape and econdition of conductors between whicli the
insulation is placed. Unless all factors are specified, a
statement that an insulator has a certain dielectric
strength has little significance. Dielectric strengths and
volume resistivitics of a few radio insulators are listed
in the table, Insulating Materials.
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needle points

1-inc
Cloth
oiled

varnished

Fibre

hard,

Glass

Mica, white
amber

Paper
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varnished

Phenol
mol

Quartz
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INSULATING MATERIALS

INSULATION
M ATERIAL

h balls

gray

bee’s wax.........
paraffin ..........

compounds

ded ...t
laminated
Porcelain

, fused

Rubber

hard

vuleanized, 30%

Steatite ........... ..

Wood

paraffin filled

DIELECTRIC
STRENGTH
1,000's of
Volts per

Millimeter

VoLUME RESISTIVITY
1,000,000,000’s of
Ohms per
Inch Cube

800,000-400,000.000
120,000-2.400.000
exceeds 100,000

12-16,000



Section 3
ELECTRIC CIRCUITS

Ohm’s Law.—The rate of current flow, the resistance,
and the emf or potential difference in any circuit or part
of a circuit consisting of conductors may be found with .
the help of Ohm’s law provided two of the three values
are known. Ohm’s law for direct-current circuits and
for alternating-current circuits containing negligible re-
actance is shown by three formulas.

E E
1= T R= T E=IR
1, Rate of current flow, in amperes.
R, Resistance, in ohms.
E, Potential difference or emf, in volts.

When using the preceding formulas for Ohm’s law the*
values must be in amperes, ohms, and volts; not in other
units unless the formulas are rearranged for the other
units. Values in one unit may be converted to equiv-
alent values in other units as follows:

Amperes X 1,000 = milliamperes
Amperes X 1,000,000 = microamperes
Milliamperes X 0.00!1 = amperes
Microamperes X 0.000001 = amperes
Ohms % 1,000,000 = microhms
Ohms X 0.000001 = megohms
Microhms X 0.000001 = ohms
Megohms % 1,000,000 = ohms
Volts X 1,000 = millivolts
Volts % 1,000,000 = microvolts
Millivolts X 0.001 = volts

" Microvolts % 0.000001 = volts

The three formns of Ohm’s law may be written with

the various units for current, resistance, and potential
difference as in the table of Ohm’s Law Formulas.

38
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OHM'S LAW FORMULAS
volts _ amperes _voits _ microamperes
ohms megohms
M: milliamperes
ohms
microvolts = microamperes w = amperes
ohms microhms
_volts  _ ims __volts  _ eeohms
amperes microamperes
x_m_llxvo]ts = alime
milliamperes
microvolts = e _x.mcrovolts = e
amperes microamperes

amperes X ohms = volts

amperes X microhms — microvolts
milliamperes X ohms = millivolts
microamperes X ohms = microvolts
microamperes X megohms = volts

Ohm’s Law Chart.—When any two of the quantities,
volts, ohms and amperes, are known it is possible to read
the third unknown quantity from Chart No. 3-1 without
having to make any computation. On the chart are three
scales, one for each of the quantities. When a straight
line is run through known values on two of the scales,
the line will intersect the unknown value on the third
scale. The straight line may be the edge of a ruler, a
folded piece of paper, or anything similar that will cross
the three scales.

Each scale carries two series of numbers, one series
indicated by A and the other by B. When the A-scale
is used on one value the A-scales must be used on t,
other two. Likewise, the three B-scales must be used
together. The A-scale for ohms runs from 0.1 to 1,000
ohms, while the B-scale has values in thousands of ohms
and others in megohms. The scales for amperes are in
decimal fractions which allow reading the values in milli-
amperes quite easily. For example, .001 amperes is the
same thing as 1 milliampere, and 010 ampere is equal
to 10 milliamperes.

Series ard Parallel Connections.—In Fig. 3-2 is repre-
sented a circuit consisting of a battery as the source of
emf, the heated elements or filaments of four radio
tubes, and a resistor whose resistance, combined with
resistance of other parts of the circuit, limits the rate of
flow. In the right-hand diagram the tube filaments and
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VOLTS
A B
10 1000

700
600

500

400
400

300

]
N 1l 1
T

B

200
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i
T

— 100

o7+ 70
0.6 | 60

0.5 50

0.3 + 30

0.2 L 20
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OHMS AMPERES
A B A B
1000 410y 010 000!

500 + 5 1
400 + 4 T
41 T
300 T3 L2 0,20 -L.0002
200 2 (=< T
> 1
100 L1 wg 0.30 —__—.0003
+ 0.40 -+ .0004
50 1500 :
40 L 400 0.50 10005
30 T 300 0.60 1-.00086
20 f200{ 0.70 {-.0007
10 {100 100001
T i
5 1T 50 T
471405 1
3730 |g .200-].002
- 1
2+ 205 T
| [ .300F-003
1110 |w» L
mE ©
+ | 400 - .004
a2 -+
§2%23 |5 500 | 005
0.3 73 |£ .600'1-006
0.2 A 2 700 -_:_' -007
o1-L1 J 1000 —Lt.010

Chart 3-1. The Ohm’s law chart.
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resistor are shown by the radio symbol for resistance of
any kind, the battery is shown by the symbol for any
kind of battery, and the connecting wires are each shown
by a line, which is the symbol for a wire conductor.

In this circuit all clectrons which are forced by emf
through the battery from one of its terminals to the
other then must travel successively through all the tube
filaments. the resistor, and the connecting wires before

Tubes
; @ Resistances
{ Resistor
|
Batter .l.lll
4 Battery

Fig. 3-2. Elements of a series circuit.

returning to the battery. Any circuit in which all of the
flow must pass through every part of the circuit is called
a scries circuit, and parts so connected ave said to be
connected tn series with one another.

Instead of connecting the parts of the circuit in series,
the tube filaments and battery might be connected as in

—> | —>1T—

21343

fuls

Fig. 3-3. Elements of a parallel circuit.

Fig. 3-3, so that the total electron flow leaving one
terminal of the battery divides between the filaments,
part passing through each filament. Then the clectrons
which have passed through all the filaments unite and
return to the battery. The circuit is shown with symbols
at the right. Any circuit in which electron flow divides
so that some of it flows through one path and the re-
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mainder through other parts is called a parallel circuit,
and the parts through which the partial flows take place
are said to be connected together in parallel.

In most radio circuits the wires and other metallic
connections between the source and the principal devices
are so short and of such relatively large cross section as
to have resistances which are negligiﬁle in comparison
with resistances of the principal units. Copper wire of
number 20 gage often is used. Iis resistance is only
about 1/100 ohms per foot. The resistance of the con-
nections usually may be neglected, and the resistance of
the circuit considered as being made up of the resistances
of its principal devices.

Sources and Their Potentials.—Every source is capable
of developing and maintaining an emf of a certain
number of volts. The emf of an ordinary dry cell is
almost exactly 1.5 volts, and of a lead-acid storage bat-
tery cell is 2.1 volts. The emf of generators depends on

Patential External

¢ Load
Difference Resistance %

Terminal

Voltage \
i

internal Resistance
’l\- "‘\ A\ Iy l" 28
ARV \'.’ VAVATAY
<——&
EMF .

Fig. 3-4. A complete circuit, including internal resistance.

their construction and the speed at which they are
driven. In thermocouples the emf depends on the ma-
terials of the couple, and in photocells it depends on the
type of cell and on the strength of light reaching it.

When there is electron flow from a source through an
external circuit the same rate of flow exists through the
source itself. The source is made of conductive mate-
rials, and these have resistance. Consequently, inside the
source there is electron flow through resistance, and part
of the emf (or electron energy due to emf) is used in
getting the electrons through the internal resistance of
the source. The complete circuit is shown by Fig. 3-4.
External parts of the circuit in which useful work may
be done are called the load, and their total resistance is
called the load resistance.

It is only the difference between the emf in volts and
the number of volts of energy used in the internal re-
sistance that is available at the terminals of the source
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for application to the external circuit. This is called the
terminal voltage or potential of the source. As the rate
of flow increases there is more energy used inside the
source, 50 terminal potential drops as rate of flow in-
creases.

If the source is connected to no external circuit, or
should the external circuit be incomplete or open, there
can be no electron flow. With no electron fiow there is
no energy used inside the source. Then the open circuit
potential of the source is equal to its emnf. This may be
called also the no-load potential. When the rate of flow
is the full amount for which the apparatus is designed,
the terminal potential is the full-load potential. 1f the
source terminals are connected together externally by a
conductor having negligible resistance, such as a short
piece of large wire, the connection is a short circuit. In
the negligible resistance of the short circuit there can be
negligible potential difference, for £ = IR. Then prac-
tically the whole resistance of the circuit is that inside
the source, almost. the whole potential is used in getting
electron flow through this internal resistance, and the
terminal potential drops almost to zero.

Tube Resistor
MM
D E
,1‘:}‘:3
— [REraD
G F
Switch

Fig. 3-5. Current path in a series circuit.

Series Circuits—In Figz. 3-5 is shown a series circuit
containing a source, the filament of a radio tube, a
resistor, a switch, and connecting wircs. The entire circuit
includes everything from A through B-C-D-E-F-G-H,
then through the source and back to A. The external
circuit includes everything from A to H, but does not
include the source. The external circuit may be con-
sidered as made up of various parts or groups of parts.
The part from B to C includes only the tube, from
D to E only the resistor, but from A through to £ we
have a portion including the tube, the resistor, and the
connecting wires A-B and C-D.

Intelligent use of Ohm’s law will show values of am-
peres, chms and volts which should exist in an entire
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circuit, in the external cireuit, or in any part or group
of parts. But it is most important that flow rate, resist-
ance, and potential difference be considered in the same
part or portion. Electron flow in part of a circuit cannot
be correctly computed by using the terminal potential
of the source in combination with the resistance of only
the part being considered. The accompanying table for
Series Circuits shows how resistance, potential difference
or emf, and rate of flow arve computed for an entire
series circuit, or for any part or group of parts. The
table contains also several important notations with
reference to series circuits. 0

In this table, and a following one for parallel circuits,
the various values are represented by the following
letter symbols:

emf Tlectromotive force (volts) of source.
Ei Internal potential difference of source, in volts.
Ep Potential difference across any one part or sec-
tion of circuit, in volts.
Et Terminal potential dificrence of source, or total
potential difference of circuit, in volts.
Ip Flow rate through any one part or portion of
circuit, in amperes.
It Total flow rate through all parts or paths to-
gether, in amperes.
Re Ixternal circuit resistance, in ohms,
Ri Internal resistance of source, in ohms.
Rp Resistance of any one part or section, in ohms
Bt Total resistance of entire circuit.

Paraltel Circuits.—In Fig. 3-6 are shown three paths
connected in parallel betwen terminals A and B of a
source. In the path from C to D there is a resistor; in
the one from / to D there is a tube und a resistor
(which are in series with each other); and in the path
from F to G there is a tube.

Electron flow may leave the source at A, go through
the path C-D, and back to the source along D-G-B.
At the same time there may be electron flow from A to
C to F, through the tube and resistor to D, and back
through G to B. Simultaneously there may be flow
from A to F, through the tube to G, and back to B.
Electrons which pass through the resistor from C to D
do not flow through either of the other paths, and elec-
trons flowing through the other paths do not flow from
C to D. Through the conductors between A and C, and
between G and B, flow all the clectrons for all the
paths. Through conductors C-E and D-G flow all the
electrons for two paths. But through the conductors
between E and F, and from the right-hand tube to G,
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flo:i'1 only those electrons which pass through this one
path.

The table for Parallel Circuits shows how resistances,
potential differences, and electron flows are computed
for each separate parallel path or part, also for all the
parallel paths taken together, and gives additional im-
portant information in the notes. In addition to the
symbols used in the table for Series Circuits, this one
uses R1, R2, RS3, etc, to represent the individual re-
sistances of separate paths which are connected in
parallel.

E

Resistor

Fig. 3-6. A parallel circuit including three paths.

Parallel Resistance Chart.—From Chart No. 3-7 may be
read the value of the combined resistance of two re-
sistances connected in parallel when both are in the
range from one to 400 ohms. The outer two scales are
for the separate parallel resistances. The center scale
shows the combined resistance. With a ruler or other
straightedge laid across the values of the separate re-
sistances on the outside scales, the struightedge will cross
the value of combined resistance on the center scale.

This chart may be used to find the value of a re-
sistor which, used in parallel with another resistor, will
give a combined resistance of some certain desired value,
For example; having on hand a 4-ohm resistor, and
needing a 3-ohm unit, the chart shows that 4 ohms on
an outside scale and 3 ohms on the center scale line
with 12 ohms on the other outside scale.
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From the table for parallel circuits we find that the
rules for any one path or part considered by itsell are
exactly the same as for any one part or portion of a
series circuit when we are careful to use the values of
flow rate, vesistance, and potential difference which

pply.

The rules for parallel resistance of all paths together
are important because they so often are needed in cal-
culations. Note especially that the combined resistance
of two resistances in paralle]l (called BRI and R2) may be
found by dividing their product by their sum. If there
are three or morc parallel resistances, the combined
resistance of any two may be thus computed, then this
resistance may be used in connection with the resistance
of a third path to find the combined resistance of all
three, and so on.

A
A

I— \;v\§|
_AMA AMAM_

c S——
I_/vv\_' 2
[ —

] D E 3

Fig. 3-8. Parallel and series elements in the same circuit.

Parallel and Series Combinations,—When a circuit con-
tains some parts in parallel and others in series, as
shown by Fig. 3-8, the first step is to detcrmine the
combined resistances of the groups of paralleled parts,
then these single values of resistance are considered as
being in series with other parts of the circuit. In the
diagram shown, the combined resistance would be com-
puted for parts 4, B and C, and this value considered ax
a single resistance 1. Then the combined resistance
would be computed for parts D and E, and this consid-
ered as a single resistance 3. Then the circuit resistance
would consist of the sum of resistances I, 2, 3 and /.

Sources in Ser'es and in Paralle.—When any number of
sources are connected together in series, or are any-
where in a serics eircuit, their emf’s add together and ro
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do their internal resistances. The total emf for the
circuit is equal to the sum of tne emf’s of the sources.

With sources in series the total or maximum eleciron
flow may be no more than the maximum permissible
rate for the source of least capacity; otherwise the
source of least capacity would be overheated by the ex-
cess flow. Tor example, with any number of dry cells
in series the flow rate in amperes may be no more than
for a single cell, although the total emf would be in-
creased.

Sources connected together in parallel must have the
same emf for each; otherwise the greater emi of one
will force a reversed clectron flow through another
source. With a parallel connection the total emf, and
the total potential difference applied to a connected eir-
cuit, are the same as the emf and potentiai difference
for a single source. The total electron flow from sources
in parallel may be as great as the sum of the maximum
permissible rates of flow from all the sources. Since
paralleled sources have their internal resistances in paral-
lel. the combined internal resistance is less than for one
source and there will be less drop of terminal potential
than with a single source.



Section 4
POWER

Table of Power Formulas—The power formulas show

the relations between power, current, resistance or im-
pedance, and potential differences in direct-current cir-

Direct-Current Circuits

2

P = EI = L = 1R
: . B _ p /2’
= R = E = R
E P E®

R = "I' = Iz = —F-

P
E = IR = T = VPR

Alternating-current circuits with negligible
inductance and capacitance.

-2
P = EI 7 I=2
E P P
1=z = 5 = \/’z—'
E B 25
Z = -f - Iz - P
P
E = 12 = I = \PZ

50
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Alternating-current circuits with appreciable

-

-

-

-

W'NEU"UHI?J

-

-inductance, capacitance, or both.
E2Kk

- = ———— - 2
= EIk 7 I°Zk
. E I S A
B Z - Bk - ik
_ E P E”k
I = 1% = 7P
P P2
= 1z = TE = -'k'

Meanings of letter symbols.

potential difference, volts..
current, amperes.

power, watts,

resistance, ohms

impedance, ohms

power factor, a fraction,
equal to the number of watts
divided by the product of
volts and amper=zs; also to
the cosine of the angle of
lag or lead of current.

cuits, also in single-phase alternating-current -circuits
which contain negligible inductance and capacitance,
and in those containing sufficient inductance, capacitance,
or both to cause a lagging or leading current. In this
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latter class of a-c circuits the power factor enters into
most of the formulas.

The power factor, which is a fraction less than 1, is
equal to the (useful) power in watts divided by the
(spparent) power in volt-amperes. The power factor
is equal also to the cosine of the angle by which the
alternating current lags or leads the accompunying alter-
nating potential. Cosines are listed in the table of trigo-
nometric functions.

Power Charts.—l'or values commonly found in radio
worl ali of the relations between watts, amperes, volts
and ohms that are computed by using the formulus may
be found with Iair aceuracy from Charts No. 4-1, 4-2
and 4-3. Kuach of these charts has three scales. When
a straightedge is laid across known values on two scales
it will interseet the third seale at the corresponding
value of an unknown quantity. On cach scule there are
series of nunbers marked A and B. If the A-scries is
used on one scale 1t must be used on both ol the other
scales, and if a B-series is used on one scale the B-series
must be used on the other two scales.

Chart No. 4-1 relates volts, watts and milliamperes.
On power scale A the vajues are in milliwatts (thou-
sandths of a watt). and on scale B the values are in
watts. Chart No. 4-2 relates ohms, watts and amperes.
The single watts scale, marked A-B, is used both with
scales A and scales B for ohms and amperes. Values
on the amperes scale are shown as decimal fractions
which casily may be read as milliamperes. Chart No.
4-3 relates ohms, volts and watts, The watts scale 4
is in decimal fractions which are easily read as numbers
of milliwatts.

The range of Chart No. 4-3 may be extended by
either multiplication or division. That is, the values on
all three A-scales or on all three B-scales may be multi-
plied or divided by any number, provided the same
multiplier or divisor is used for all three scales. For
example, the A-scales might be divided by 100, and then
would be read as from 001 to 1.0 ohms, as 0.001 to 0.1
volts, and as 0.00010 to 0010 watts or as 0.1 to 10 milli-
watts. The range of values covered by Charts 4-1 and
4-2 cannot be thus extended.

Resistor Ratings.—Resistors ordinarily are rated and
specified in accordance with their resistance in ohms or
megohms and with the power in watts which they may
use or “dissipate” without reaching a temperature so
high as to damage the resistor. If resistors which are
coated with or embedded in insulating material such as
enamel are used with rates of flow and potential dif-
ferences which produce the full wattage rating, the re-
sistors will reach temperatures around 450° to 500° F.
ahove the temperature of the surrounding air when they
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VOLTS

A B
10 — 1000
7 + 700
6 1 600
5 <+ 500
.4 -+ 400
3 + 300
2 1 200
1 +— 100
+
0.7 + 70
06 T 60
0.5 + 50
+ 40
03+ 30
02 + 20
o1-l-10
Chart 4-1.

POWER

WATTS
A B
(100 1000
50 + 500
40 1 300
30 1 300
20 + 200
10 — 100
5 1 50
4 + 40
(/2] 4
2 3 | 30
e 2 T 20
3
o -
3 ] —::— 10
s T
05 T 5
04 T 4
03+ 3
02 L2
011
005 + 05
004 ¥ 0.4
003 1 0.3
002 + 0.2
Loot L 0.1
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MILLIAMPS
A B

10 1000

7 700

6 600

5 500

4 400

3 300

2 200

1 100
0.7 70
0.6 60
05 50
04 40
03 30
0.2 20
01 10

Power chart. volts, watts, and milliamperes.
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OHMS WATTS AMPERES
A B A-B A B
1000 — 100 — 1000 1000 T 100
1 + .900 - 0.90
700 - 70 + 500 T
600 |- 60 1400  .BOO - 080
+ + 300 T
500 - 50 00 700 T 070
400 | 40 T
1 600 - 0.60
300 + 30 ~ 100 I
1 T .500 L 0.50
I T s0 1
200 I 20 ¥ a0 1
1 b 400 - 0.40
1 1+ 20 T
” T
1 z | T
100 +10 |§ J_:- 10 T
Ed 2 T .300 -+ 030
T _\o I t
70 T 7 v T 5 <4
60 - 6 | & E 1
50 + 5 | o 1
4 g L 2
40 L 4 |2 .200 + 0.20
1 - +
30 3 =+ ! 1
T + 05 150 4,015
20 -1 2 :_— 0.4 -
1 T 03 T
1 1 02 +
oL 1) Lo 100 - 010

Chart 4-2. Power chart; ohms, watts, and amperes.




POWER
OHMS VOLTS WATTS
A B A B A B
100—T- 10000 IO?— 1000 000 — 100
aq o T
T I e
70+ 7000 7+ 700 700 + 70
60 T 6000 6 T 600 600 T 60
50 4 5000 5 1 500 500 1- 50
40 - 4000 41 400 4001+ 40
30 -+ 3000 31300 .300 4 30
20 1 2000 2t 200 .200-4 20
10— 1000 14100 100410
Ea ¥ g3
7+ 700 o07+7 o070F7
6+ 600 06160 06076
51 500 0.5 50 0.50 1 5
41l a0 o04la0 o040l a4
3+ 300 0.3+ 30 0.30 4 3
2 1 200 0.2 —} 20 020 2
1L 00 010110 0.10 L

Chart 4-3. Power chart; ohms, volts, and watts,
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are a foot or more from other objects. If the resistors
are enclosed, or if there are other reasons for lack of
free circulation of air, this limit of safe temperature
will be reached with less wattage.

If the mounting is such as to restrict air circulation,
or if temperature of the resistor may be high enough to
damage surrounding parts when dissipating normal wat-
tage it becomes necessary to reduce the power in watts
by reducing the rate of flow, the potential difference,
or both; or clse a resistor of higher wattage rating must
be employed. Usually a resistor is chosen with a wat-
tage rating double the actual power in watts as com-
puted from flow in amperes and potential in volts.
Under favorable conditions the rating need be only fifty
per cent more than the actual power dissipation, but
often it must be three or even four times the actual
dissipation. The charts or formulas may be used to
determine the actual power in watts, and this computed
power then increased by a suitable allowance.
< The same general principles apply in selecting rheo-
stats or potentiometers, which are units of adjustable
resistance rated according to their maximum resistance
and maximum permissible power dissipation in watts.
Wattage ratings usually are based on having all of the
resistance in circuit. When less resistance is being used
in the rheostat, the circuit resistance may be decreased
and the rate of flow increased. The rated wattage should
be checked against the maximum flow that may occur
under any possible conditions of use.

It must be kept in mind that in every device con-
taining resistance, which means practically everything
used in radio, power will be used in the device in pro-
portion to the rate of flow through it and the potential
difference between its terminals. All power used in
resistance is changed to hecat. The temperature of the
device will rise until the rate at which the heat passes
off into the surroundings becomes equal to the rate at
which it is produced by the power being used.

Power Transfer.—When a load is connected to a source.
the power used in the load, or the rate at which work

is done in the load. depends on the relation between the .

resistance of the load and the internal resistance of
the source. The power in the load is maximum when
these two resistances are equal. If the load resistance
is made greater, electron flow decreases to an extent
which drops the power in the load. If the load resist-
ance is made less than the source resistance, the electron
flow increases, but the terminal potential decreases to
an extent which causes reduction of power in the load.
To obtain maximum power the resistance ¢i the load
is adjusted to a value which is equal to the internal
resistance of the source.

o
Ty -



Section 5
CAPACITORS AND CAPACITANCE

The basic formulas relating to capacitors are as fol-
lows; where C is capacitance in farads, @ is the charge
in coulombs, and V is the potential difference in volts
between plates of the capacitor.

c=Y =cv v=29
vV Q i c

Practical units of capacitance are the microfarad,
equal to the one one-millionth of a farad, and the
micromicrofarad, equal to one one-millionth of a micro-
farad. .

A formula for the capacitance in micromicrofarads is,

C= 0225 x A X K X (N-1)
- D

C, capacitance in micromicrofarads.

A, area of one side of one plate, in square inches.
K, dielectric constant of dielectric material.

N, total number of similar plates.

D, plate separation or dielectric thickness, in inches.

The dielectric constant of a mnterial is the number
of times that the capacitance is increased by using the
material instead of air as the dielectric of a capacitor
of otherwise similar construction.

The accompanying table of Dielectric Constants lists
the constants for substances used as dielectrics in capaci-
tors. The dielectric constant varies with many factors.
It depends on the exact grade, kind and form of mate-
rial. It varies with temperature, also with absorption
of moisture by the substance. The constant is greater
when the charging rate is slow than when it is rapid,
it is different for direct-current charging than for alter-
nating-current charging, and it changes with the fre-
quency of alternating current or potentials.

Ezample: What is the capacitance of a capacitor hav-
ing 9 plates, each measuring 2 inches square, separated
by mica having a diclectric constant of 6 and a thick-
ness of 0.02 inch? Note that plates 2 inches square have
a surface area on one side of 4 square inches. Using
these values in the formula,

Mmfds = 9225 X 4 X 6 X -1 _ 549
002

This formula gives capacitances that are approxi-
mately correct. Some of the field may extend beyond
the edges of the plates. especially in air-dielectric ca-

57
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DIELECTRIC CONSTANTS

AT 10
Aleohol, grain ....... ... .. 26

WOOd i 31
Bakelite ................... . 4t08
Celluloid ............cccoo i 71010
Ceramic dielectrics ..............oov'ernin.. .. 85 to 90
Cloth, varnished ............................. .. 35to5
Fibre, vuleanized hard................... ... .. .. 5to8
Film, photo (cellulose)........................... 4t08
Gases, miscellaneous kinds. ................... 10to 107
Glass, lead .......... ... ..o 1T 5to8

Pyrex ... 4t05

WIDdOW . ... 7t08
Glyeerine .................. .. i 40 to 56

(€3 ©00000000006660506000006869G90000000006000000000000 0

Mica ..., 4to8
Oil, petroleum .............. ... ... ... ... . 0000 2.1

transformer ......... ... ... . .0 22to026
Paper, dry, untreated......................... .. 15t03

WaXed .. 25t04
Phenol insulators ..................... ... ... .. 4to75
Plastics, casein ............................... . 6to7
Porcelain, unglazed ........................... ... 5to7
Resins, synthetic ...................... ... ... . 25t04
Rubber, iard .................................... 2to4
Quartz, fused ............ ... ... ... ... .. 35tod5
Shellac ... 3t03.7
Shellac base insulation.........................0 . 4to7
Silk 46
Steatite .........oo 45t065
Sulphur .............. 3to42
Titanium dioxide ............................. 90 t0 170
Turpentine .............. .. ... . ... 22
Water, distilled ..................... ... ........... 81

vapor, saturated ....... ... ... ... ... ... ,..1007
Wax, bee’s .................................. ..~ 32

CETeSIM . u\itie et e 25

paraffin ... ... 2t03
Wood, dry maple......................... ... .. 3todb

dry oak ... 3to6

pacitors, and this increases the capacitance. Plates which
are relatively long in comparison with their width have
increased capacitance due to the “elongation factor.”
The formula assumes the use of flat plates.

Any two conductors separated by insulation, which
acts as a dielectric, have capacitance. There is capaci-
tance between each element of a tube and every other
element, because the elements are conductors and they
are separated by a vacuum or a gas, either of which is
a dielectric. There is capacitance between any two wires



CAPACITORS AND CAPACITANCE 59

which are fairly close together and which are insulated
or separated. There is capacitance between all the wires
in radio apparatus and the metallic parts of the chassis
or framework.

Capacitors in Parallel.—When capacitors are connected
together in parallel, as in Fig. 5-1, the total capacitance
of the combination is equal to the sum of the capaci-
tances of the separate units. It makes no difference
how many capacitors are so connected, and it makes no
difference whether their individual capacitances are alike
or different; the total capacitance always is equal to
the sum.

Fig. 5-1. Capacitor plates in parallel.

As shown by the capacitor formulas, the charge in
coulombs, @, 1s equal to the product of capacitance
and voltage. When connected in parallel, all capacitors
must have the same voltage. This leaves the charge
proportional to the capacitance alone. Consequently,
the total charge must be proportional to the total ca-
pacitance, and inasmuch as the total charge or quantity
must be the sum of all the separate charges, the total
capacitance must be equal to the sum of the separate
capacitances.

Capacitors in Series.—At the left in Fig. 5-2 are three
capacitors of three different capacitances connected in
series to a source of potential difference. During charg-
ing of the capacitors the same quantity of electrons
must return to one terminal of the source as flow out
of its other terminal. This same quantity must flow
onto one of the plates of the capacitor at one end, and
out of the plate in the capacitor at the other end.
Because the charges on both plates of a capacitor must
always be equal, this same quantity flows from the
left-hand capacitor into the center one, and from the
center one to the one at the right. Then all three
capacitors must receive equal charges, in coulombs, re-
gardless of their capacitances. This is true of any num-
ber of any kind of capacitors connected in series,

At the right in Fig. 5-2 are three capacitors of equal
capacitances. All must receive equal charges. One of
the capacitor formulas, V = Q/C, shows that the voltage
is equal to the charge divided by the capacitance. %f
all charges are alike. and all capacitances are alike,
then all capacitor voltages must be alike in the right-
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hand diagram of Fig. 5-2. If, for an example, the total
applied potential is 120 volts and if the voltages of the
three capacitors are alike and equal, then each must
have a voltage of one-third 120, or 40 volts.

Knowing the capacitance and the voltage of each
capacitor we may compute the charge from the formula
Q = CV. The product of 6 mfd. (0.000006 farad) and
40 volts is 000024 coulomb of charge in each capacitor,
and, as we know, this must be the charge or the quan-
tity of electricity that has moved out of and into the
source. Now assume that one of the 6-mfd. capacitors
is connected by itself to the source. The product of

12 Mfd 6 6 6
6 Mfd 2Mfd Mfd. Mfd Mfd
40 40 40

T Equal Churgesl Volts Volts Volts

1 I
l
Source 6 Mfd Vozl?s

120 Volts

o

120
Volts

Fig. 5-2. Series capacitors, their capacitances and voltages.

6mfd. (0.000005 farad) and 120 volts is 0.00072 coulomb.
This is three times the charge taken by the three ca-
pacitors in series, and the effective capacitance of the
three in series is only one-third that of one of them
alone.

The rules for the combined capacitance of capaci-
tances in series are as follows:

1. The combined capacitance of any number of equal
capacitances in series 1s equal to the capacitance of one
divided by the number of units.

2. The combined capacitance of any (wo capacitances
in series, whether they are equal or unequal, is equal
to the product of the separate capacitances divided by
their sum.
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Ezample. What is the combined capacitance of
6 mfd. and 12 mfd. in series? The product is 6 X 12
=72. The sum is 6 4+ 12 =18, And 72 + 18 =4 mfd.

This rule may be extended to handle more than two
capacitances. For an example, consider the capacitances
of 6 mid., 12 mfd. and 2 mfd. The first step 1s to com-
pute the combined capacitance of two of the units.
In the preceding example the combined capacitance of
6 mfd. and 12 mid. was found to be 4 mfd. The second
step is to consider this combined capacitance and an-
other of the original separate capacitances as being in
series, and compute their effective value. Here we would
have the combined capacitance of 4mfd. and the re-
maining 2-mfd. unit. The product is 4 X 2=8. The
sum is 4 +2=26. And 8+ 6 =1% mfd, which is the
total effective capacitance of 6, 12 and 2 mfds. in series.

3. The combined capacitance of any number of capac-
itances in series, regardless of whether or not they are
alike, may be found by adding the reciprocals of the
separate capacitances, and taking the reciprocal of their
sum. The reciprocal of a number is 1 divided by that
number. The reciprocal of a fraction is the fraction
with its terms inverted.

Ezample. What is the combined capacitance of 12,
4, 6 and 3 mfds. in series?

Reciprocals are s } 3 § or f+%+ %+ =15

The reciprocal of 10/12 is 12/10, and this is equal to
12,

So the combined capacitance is 1.2 mfd.

Chart No. 5-1 may be used for determining the com-
bined capacitance of two capacitors in series when the
values of the separate capacitors lie between 0.00015
and 005 mfd. This is the range of values for most of
the small fixed capacitors used in radio. Scales A-A4-A
are used together, and scales B-B-B are used together.
An A-scale must not be used in the same computation
with a B-scale. With a straightedge laid at the values
of the separate capacitors on the two outside scales,
the straightedge will cross the center scale at the value
of the combined capacitance.

This chart may be used also to determine the capaci-
tance that must be used with another one in series to
provide a desired combined capacitance for the two
units.

Ezample. What should be used in series with 0.002
mfd. to provide a combined capacitance of 0.0004 mfd.?
A straightedge laid across the left-hand B-scale at 0.002
mifd. and across the center B-scale at 0.0004 mfd. crosses
the right-hand B-scale at 0.0005 mfd., which is the
required capacitance.
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A | (N’B Abs B A, .
J. .05 --.005 1.
05$005  02F.002  05F:005

.02 1+.002 0l +-001 021.002

014.001 00510005 .01+-001
0041 .0004

.006 | .0006 -003+.0003 .006{ -0006
.005-.0005 I .005+.0005

.0041.0004 .002-+.0002 .0041.0004

.0037.0003 .0015T.00015 .003+.0003

00251.00025 | 0025+.00025

002 +.0002 .001+.0001 .002+.0002

0008 £.00008

0015 L 00015 0015 100015

Chart 5-1. The series capacitance chart,
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When capacitors are connected in series the sum of
the voltages on the separate units is equal to the
applied potential difference. More important, the volt-
ages on the units are inversely proportional to their
capacitances, which means that the smaller the capaci-
tance the greater is the voltage across it. This comes .
about because, as shown previously, all series capacitors
have equal charges, because V = Q/C, and with all the
Q-values alike it is plain that the smaller is the value
of C (capacitance) the larger will be the value of V.

.01 Mfd. 002 .025 Mfd.
Mfd. ) |
54,7 273.4

Volts 21-9
el Volts

350
Volts

L

Fig. 5-3. The capacitors for which voltages are computed.

Example. With the three capacitors of Fig. 5-3
(.01, .002, and .025 mfd.) in series on a 350-volt source
what will be the voltage across each unit?

a. Capacitances are 01 002 .025

Reciprocals are 100 500 40
Sum of reciprocals is 100 4 500 + 40 = 640

b. Divide the applied potential difference by the sum

of the reciprocals, 350 -~ 640 = 547 (approximately).

c. Multli)ply each reciprocal by the fraction found in

step b.

100 X 547 = 54.7 volts across .01 mfd.
500 X 547 = 2734 volts across .002 mfd.
40 X 547 = 219 volts across 025 mid.

To withstand a source potential difference which is
greater than the rated voltage of available capacitors,
two or more capacitors may be used in series.

Ezrample. Working potential difference is 450 volts.
Required capacitance 1s 8 mfds. Available capacitors
have working voltage of 250.

Two 16-mfd. 250-volt units may be connected in
series. The combined capacitance will be 8 mfds. and
the combined working voltage 500, which exceeds the
requirement. If the two or more series capacitors are
not of equal capacitance it must be borne in mind.
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that their working voltages will be inversely proportional
to their capacitances.

Color Coding of Capacitors.—Small capacitors, flat or
cylindrical, may be marked with colored dots or bands
to indicate capacitance, tolerance or accuracy, and maxi-
mum working voltage. The colors, as shown by the
accompanying table RMA Color Code for Capacitors,
have values which are the same as used for resistor color
coding.

Capacitance is shown in micro-microfarads unless it
exceeds 10,000, in which case it shown in microfarads.
Mica capacitors are not made in voltage ratings less
than 500. Small mica capacitors with three dots in a
horizontal row as at A in Fig. 54, are rated in two
significant figures and a multipiler as the colors are
read from left to right with the capacitor viewed right
side up. Which way is right side up is indicated by
the maker’s name, trademark, other printed matter, or
by an arrow. As an example, red-green-brown would
indicate 2 (for red), 5 (for green) and 1 cipher added
(for brown). This makes 250 mmids, which is the same
as 0.00025 mfd.

A four-dot system, as at B or € of Fig. 54, may be
used when capacitance is to be shown to two significant
figures and when a tolerance is to be indicated.

The standard RMA six-dot system 1s shown at D of
Fig. 54. There are two horizontal rows of dots. The
top row, reading from left to right, indicates three sig-
nificant figures for capacitance. In the bottom row,
reading from right to left, the first dot indicates the
multiplier or number of ciphers to be added after the
significant figures, the second (middle) dot indicates
the tolerance in per cent, and the third dot indicates
the maximum working voltage. As an example: Top
row (left to right) red-red-green and bottom row (right
to left) red-green-gold would be read as 2, 2, 5, then
2 ciphers added, 5 per cent tolerance, and 1,000 working
voltage. The capacitance would be 22500 micro-micro-
farads, which is the same as 0.0225 mfd.

Diagrams £ and F show color positions for units
having part of the coding on the front and the remain-
der on the back. The third position on the front of
the capacitor is left blank, as an indication that the
other code colors will be found on the other side. A
tolerance color mav or may not be shown.

Diagrams G and H show five-dot color arrangements
which are not in general use, although having been
employed by some manufacturers.

Diagram I shows the ASA (American Standards Asso-
ciation) American War Standard coding for fixed mica-
dielectric eapacitors. To indicate that this method of
eoding is used, the first dot at the upper left always fs



RMA COLOR CODE FOR CAPACITORS

Color Significant. Ciphers Decimal Toler  Working Temperature

Figures Added  Multiplier -ance  Voltage Coefficient

Black 0 none 1 20% - - + or -~ ,00003
Brown 1 1 10 1% 100 - .00003
Red 2 2 100 2% 200 - .00008
Orange 3 3 1,000 3% 300 - .00015
Yellow 4 4 10,000 4% 400 - .00022
Green 5 5% 500 - .00033
Blue 6 6% 600 - .00047
Violet 7 7% 700 - .00075
Gray 8 8p 800

White 9 /A 900  Not specified
Gold 0.1 1,000

Silver 0.01 10% 2,000

No color . 206 500

AONVLIDVAVD ANV SYOLIDVdVD

59
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black. This dot does not indicate any figure of the cod-
ing. Significant figures, and ciphers added or decimal

multipliers, are the same as in the earlier RMA table.
Tolerance markings are as foilows:

Black or the letter M =20%
Silver or the letter K =10%
Gold or the letter J = 5%
Orange or the letter H = 2%%
Red  or the letter G =2%

A B

C
DO®| |0E® ®®%

0] E Front F  Front

@@g OO0 OO0
@D
0 | ®

Back Back
G H 1

OO ® ® THOOO
® ® Oe@® ODR®

Characteristic

"Hoeed |

TXV Temperature

Fig. 5-4. Positions of color code markings on capacitors.

The characteristics are indicated by a letter or by a
color in the lower left-hand position. The characteristics
include the Q-factor (ratio of reactance to high-fre-
quency resistance as measured at one megacycle), the
temperature coefficient, and the maximum capacitance
drift. The indications are as follows:
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ASA AMERICAN WAR STANDARDS CHARACTERISTICS

Temperature Maximum
COLOR LETTER Q-factor Coefficient Drift
Black A Not Not Not
specitied specified specified
Brown B See note Not Not
specified specified
Red c Seenote  —to-- 0002 05%
Orange D Scenote  — to 4 0001 02%
Yellow I See note 0 to 4 .0001 0.05%
Green By See note 0to 4 .00005 0.025%
Blue G See note Oto —.00005 0.025%

Note: The approximate minimum values of Q for
capacitors having characteristics other than A, measured
at one megacycle, are:

5 mmfd. 140 50 mmfd. 550 500 mmfd. 1370

10 minfd. 230 100 mmfd. 770
20 mmfd. 340 200 mmfd. 1030

Temperature coefficents show variations in mmfds. per
mmfd. per centigrade degree temperature change.

Diagram J shows code color positions for cylindrical
“tubular” capacitors with paper dielectric, also those
having mica or ceramic dielectric and encased in ceramic
tubes. In the standard system there are two groups
of bands, those of one group being much wider than
those of the other. Both groups are read by starting
from the center and reading toward the ends. The wide
bands indicate three significant figures for capacitance
value. The narrow bands indicate (in order) the multi-
plier, the tolerance, and the working voltage.

Temperature Compensating Capacitors.— Diagram K of
Fig. 5-4 shows color code positions, which may be either
dots or bands, for ceramic dielectric capacitors which
are designed to have certain variations of capacitance
with changes of temperature, and which are used to
compensate for changes in other units of a circuit. The
entire end of the capacitor which is the termination
of the inside plate is covered with a color which indi-
cates the temperature coefficient. Reading away from
the colored end, the dots or bands indicate (in order)
the first and second significant figures, the multiplier,
and the tolerance. The accompanying table shows the
color code used for these capacitors. For capacitances
of more than 10 mmfd. the tolerance is specified as a
per cent of the total capacitance, and for those of
10 mmfd. and less the tolerance is specified in mmfds.
The temperature coefficient is in micromicrofards per
micromicrofarad of capacitance, per centigrade degree
temperature change. The standard tolerance for this
coefficient is + or — 15%, or else is + or — 0.00003
mmfd./mmifd./°C., whichever is the larger.
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ASA CODE FOR CERAMIC CAPACITORS
Tolerance, 4- or —

Sig- More
nificant Than
Fig-  Multi- 10 10 Mmfd. Temperature
Color ures plier Mmid. or Less Coeflicient
Black 0 1 20% 20 mmid. 4 or — 00003
Brown 1 10 1% 01 mmfd. — .00003
Red 2 100 2% 02 mmfid. — 00008
Orange 3 1000 2‘/_»% 0.25 mmfd. — .00015
Yellow 4 N Ceee e — 00022
Grecn 5 e 5% 0.5 mmfd. — 00033
Blue 6 Cae sooo  oooopaoooo — 00047
Violet 7 Caee et eeaeaaeaens — .00075
Gray 8 0.01 e eeeeeeeeeeeeaeaaas

White 9 0.1 106 10 mmfd. Not specified

Time Constants.—If a capacitor and a resistor are con-
nected in series to a source of emf, as at the left in
Fig. 5-5, there will be an electron flow through the re-

Source

8

Fig. 5-5. Directions of electron flow during charge and discharge of
a capacitor.

sistor, and this flow will charge the plates of the capaci-
tor. The full potential difference of the source is not
instantly applicd to the capacitor, because there is a
loss of potential or a drop of potential in the resistor
as electron flow passes through it. Then the potential
difference across the capacitor can be only the difference
between thc source potential and the drop of potential
in the resistor. During the first instant of charging
therc is a relatively large electron flow, a correspond-
ingly large potential drop in the re<1<tor and a small
remaining potential difference across the capacitor. As
the charge increases there is a rise of capacitor voltage,
because V = @Q/C. The capacitor voltage, V, opposes
the cmf of the source and the rate of electron flow
commences to fall off. As V steadily increases there is
a steady drop in the rate of charging and a steady fall-
ing off in the rate of electron flow. If the rcsistance is
great enough and the capacitance great enough it may
take a long time to charge the capacitor fully.
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CAPACITOR -RESISTOR TIME CONSTANTS
CAPACITOR POTENTIALS

Tlm 3 CHARGE DISCHARGE
Number of Fraction Fraction
Time of Source of
Constants Potential Initial
Voltage
0.00 0.000 1,000
.05 . 049 .951
.10 .095 .905
.15 139 .861
.20 .181 .819
.25 .221 .779
30 . 259 . 741
35 .295 . 705
.40 .330 .670
.45 .362 .638
.50 .393 .607
.60 . .451 . 549
.70 . 503 497
¢ .80 .551 . 449
.90 . 597 . 407
1.0 .632 . 368
1.1 .667 .333
1.2 .699 «301
1.3 . 727 .273
1.4 . 753 .247
1.5 L7177 « 223
1,6 .798 . 202
1,8 .835 .165
2,0 .865 135
2.2 .889 .111
2.5 9179 .0821
3.0 .9502 .0498
3.5 .9698 .0302
4.0 .9817 .0183
5.0 .9933 .0067
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If the charged capacitor in series with the resistor is
short circuited, as at the right in Fig. 5-5, the electron
flow through the resistor is accompanied by a drop of
potential in the resistor. As appears from the relative
polarities of capacitor and resistor, the potential dif-
ference across tﬁe resistor opposes the potential differ-
ence of the capacitor, and the rate of electron flow is
slowed down. Again, if the resistance and capacitance
are great enough, it may take a long time for the capaci-
tor to discharge fully.

The length of time, in seconds, required for the voltage
of a capacitor during charge to reach 0.632 of its final
maximum value is called the time constant of the
capacitor-resistor combination. Also, the length of time
required for the short-circuited capacitor to lose 0.632
of its original voltage is the same time constant of the
capacitor-resistor combination.

The time constant, in seconds, is equal to the product
of the number of microfarads of capacitance and the
number of megohms of resistance which are in series.
This time constant is not affected by the applied poten-
tial difference nor by the voltage of the capacitor, but
only by the values of capacitance and resistance. How-
ever, the final voltage and also the quantity of charge
are affected by potential difference.

The accompanying table, Capacitor-Resistor Time
Constants, lists capacitor potentials during charge and
discharge at the ends of various periods of times which
are given in numbers of time constants. The capacitor
potentials are shown as fractions of the source potential
(or final capacitor voltage) during charge, and as frac-
tions of the initial capacitor voltage during discharge.

Ezample: A potential difference of 180 volts is ap-
plied for 0.0005 second to a capacitor of 0.0005 mfd.
capacitance and a resistor of 0.5 megohm resistance in
series. To what voltage will the capacitor be charged?

00005 (mfd) x 0.5 (meg) = 0.00025 sec. time constant

0.0005 time period = 2 time constants
0.00025 time constant
Fraction (from table) for 2 constants — 865
180 (volts) X 865 = 115.7 volts in 0.0005 second.
Ezample: If a 0025 mfd. capacitor is charged to 350
volts and then is discharged through a 5-megohm resis-
tor, what will be the capacitor voltage at the end of
0.05 second of discharge? )
0025 (mfd) X 5 (meg) = 0.125 sec. time constant
005 time period
0.125 time constan
Fraction (from table) for 040 constant = .670
350 (volts) X 670 = 236.5 volts at 0.05 second.

+= 040 time constant
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RECEIVING TUBES

The table of Tube Characteristics lists numbers, types,
sockets connections, voltages, currents, and other char-
acteristics for receiving tubes in general use. The follow-
ing explanations refer to symbols and classes of infor-
mation given in the various columns of the table.

TUBE NUMBER

Where numbers, or numbers and letters, are sepa-
rated by a sloping line (/) the descriptive data applies
to two or more tubes. For example, 25A6/G/GT means
that three tubes, 25A6, 25A6G, and 25A6GT, are alike

" so far as the listed data is concerned. The number
25A7G/GT means that 25A7G and 25A7GT tubes are
alike so far as listed data is concerned. The letter G
following the number on a tube indicates that the tube
has a glass envelope. The letters GT indicate a glass
envelope of smaller size than the otherwise similar G
lype. The letters GT/G on a tube show that it is a
GT size which otherwise is like a discontinued G type.

TUBE TYPE

Abbreviations in the Tube Type column have the fol-
lowing meanings. Note that the capital letters usually
are the first letters in the name of the tube. For ex-
ample, P means a pentode, R means a rectifier, T means
a triode, and so on. Double letters such as TT mean
twin tubes, in this case a twin triode in one envelope,
while PT means a pentode and a triode in one envelope.

B Beam power tube
BB twin
BR and rectifier

C5 Converter, pentagrid (5 grids)

Cé6 hexode-triode (6 grids)

C7 heptode- triode (7 grids)

C8 octode (8 grids)

D Diode, single (detector type)
"DD double

II Tuning indicator, twin type

IT and triode

M5 Mizxer, pentagrid (5 grids)

Pa Pentode, voltage amplifying type
Pb power amplifying type

A
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PD and single diode

PDD and double diode

PPa twin, voltage amplifying
PPb twin, power amplifying
PR and rcctifier

PT and triode

PTD and triode and diode
Rd Rectifier, doubler type

Rf full-wave

Rh half-wave

Sa Tetrode (screen grid), voltage amglifying
Sb (screen grid), power amplifying
Ta Triode, voltage amplifying type
Th power amplifying type

TD and single diode

TDD and double diode

Tia twin input, voltage amplifying
Tib twin input, power amplifying
Toa twin output, voltage amplifying
Ts detector type

TTa twin, voltage amplifying
TTb twin, power amplifying
TTec twin, direct coupled type

VR Voltage regulator

TUBE SOCKET

Numbers in this column refer to numbered diagrams
which follow the table and which show socket connec-
tions or tube base connections when looking at the
bottom of the tube. When some of the tube base pins
are of larger diameter than others on 4-, 5- and 6-pin
types the larger pins are those for filament or heater
connections. The locating key for octal bases always
would be at the bottom of the diagrams for such tubes.
Octal base diagrams with fewer than eight small circles
around the outside of the diagram indicate that the
missing pins are not on the tubes. Small circles with
no enclosed letter indicate that the pin is present but
is not connected to the tube elements. A letter en-
closed in a rectangle instead of a circle indicates a cap
terminal rather than a base pin. The letters enclosed
in the small circles and rectangles have the following
meanings.

A Anode.

Ao Oscillator anode. Equivalent to a plate for the

oscillator section of a converter tube.
CT Center tap for filament or heater.
F Filament.
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G  Control grid.
Go Oscillator grid of converter tube.
Gs Signal grid of converter; the grid to which is
applied the high-frequency signal potential.
H Heater.
K Cathode.
P Plate.
R Ray control electrode of indicator tube.
Sh  Shield; internal, external, or shell.
Su  Suppressor grid.
TA Target of indicator tube.
CATHODE

The kind of cathode is indicated by the letter C for
a cold cathode, by F for a filament-cathode, and by H
for a heater cathode.

The Volts and Amps columns list the voltages and
the currents in amperes for the filaments or heaters.
The letter p between the voltage and current values
indicates that the listed voltage and current are for a
parallel connection of a center-tapped filament or heater.
With a series connection the voltage would be twice
that listed, and the current would be half of that listed.

NOTES
Abbreviations used in the Notes are as follows:
amp  Amplifier section.

Cl-A Class A operation.
Cl-B  Class B operation.

n Input section of direct coupled tube.
mzr  Mixer section of converted tube.
osc Oscillator section of converter tube.

out Output section of direct coupled tube.

pen  Pentode section.

Pl-3  Plate connected to pin 3, remote cutoff type.

Pl-4  Plate connected to pin 4. sharp cutoff type.

P-p Push-pull circuit. Output is for two tubes.

ray Ray control electrode of indicator tube.

rec Rectifier section.

tar Target of indicator tube.

tri Triode section.

CHARACTERISTICS

The characteristics, voltages, and currents usually are
.those for the highest or nearly the highest plate potential
(Ep) ordinarily used for the tube. Lower potentials
often are used, and higher ones may be used for some
tubes. Plate potentials other than those listed ordinarily
would be accompanied by different grid potentials (Eg)
and screen potentials (Es), and all other characteristics
would be altered. Potentials, currents. and characteris-
ties occur together. A change in any one usually would
cause, or would require, changes in the others.
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The characteristics for amplifier tubes are for cldss A
or A, operation unless otherwise specified.

Ep (plate potential). For rectifier tubes and for diode
tubes the listed voltage is the maximum r-m-s or ef-
fective a-c input.

Eg (control grid potential). The abbreviation cath
means that control grid bias is secured with a resistor in
series with the eathode. The following biasing resistances
are used with listed tubes for the characteristics shown
in the table.

6AC7/1852 160 ohms, min. w7 160 ohms
6AK5

200 ohms 7W7 160 ohms
6F4 150 ohms 14W7 160 ohms
6J4 100 ohms 1231 200 ohms
6J6 50 ohms, 2 units 1851 160 ohms, min.

The abbreviation drur means that the control grid bias
for the listed tube and its driver tube is automatically
developed by the dynamic coupled connection with a
coupling resistor between ground or B— and the con-
nection joining the driver cathode and the power tube
control grid.

Es (screen grid potential). In volts.

Ip (plate current). In milliamperes. For rectifier tubes
and for diode tubes the listed currents are maximum
values for d-c output.

I3 (screen grid current). In milliamperes.

Rp (plate resistance). In ohms for values up to 99,000,
and in megohms and decimal fractions of megohms for
values of 100,000 ohms (0.1 megohm) and greater.

Gm-Gc (conductance, in micromhos). For amplifiers
the values are of mutual conductance or of control-grid-
plate transconductance. For converters the values are of
conversion transconductance, which is a measure of the
effect of control-electrode voltage on output-electrode
current in a manner similar to the mutual conductance
or grid-plate transconductance as a measure of the effect
of control grid potentials on plate currents of an
amplifier tube.

Mu (amplification factor).

OUTPUT

Load. The plate circuit load resistance is listed in
ohms for values up to 99,000, and in megohms or
decimal fractions of megohms for values of 100,000 ohms
(0.1 megohm) and greater. This is the load which, with
potentials and currents shown in the table, develops the
listed power output. .

Watts. The normal output power in watts and decimal
fractions of a watt is for the listed load resistance,
potentials, and currents.
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Number Type Socket Kind Volts Amps

004
02
043
oD3
024/G
01-A

1

»
1A3

1A4-P
1A4-T
1A5G/GT

146

TUBE

Ts 4
VR 182
VR 181
VR 181
Rf 186
Ta 4
See 1-V

D 68
Pa dl
Pa 10
Pb 87
c5. 33

¥

c

c

-m =™

CATHODE

5.0- 0.25

5.0

1.4
2.0
2.0
1.4

2.0

0.25

0.15
0.06
0.06
0.05

0.06

NOTES
Ep
45

150
75

180

300+

136

117
180
180

90

mxr 180
0sc 180

Eg
0

- 9.0

- 3.0

Es

67.5

67.5

'67.5

CHARACTERISTICS
Ip Is Rp  Gm-Ge
1.5 30000 666
30
40
40
75
3.0 10000 800
0.5
2.3 0.8 1.0 725
2.2 0.7 0.6 650
4.0 0.8 0.3 850
. 2.0 0.5 300

Mu
20

QUTPUT

Load

25000

Watts

o.115
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Number

1A7G/GT

14B5
184-F
1B5/255

1B7G/GT

168-GT

1C5G/GT

1C6

1C7-G

1D5-GF

TUBE
Type
c5
Pa
TDD
2]

FTD

Pb

¢S
cs

Pa

Socket
167

115
11
25

167

170

87

33

167

97

CATHODE
Kind Volts Amps
F 1.4 0.05
F 1.2 0.05
F 2.0 0.06
F 2.0 0.086
F 1.4 0.10
F 1.4 0.10
F 1.4 0.10
2 2.0 0.12
F 2.0 0.12
F 2.0 0.06

NOTES

osc

pen
tri

0so

osc

Ep

90
€0

150
180
135

90
90

90
90

90

180
180

180
180

180

Eg
0

CHARACTERISTICS (Continued)

Es Ip
45 0
1

1.5 150 6.6

3.0

3.0

3.0

67.5 1.7
45 1.8

1.6
90 6.3

90 7.5

67.5

67.5

ls

0.6

1.3

Rp  Gm-Ge
0.6 250
0.125 1350
1.5 650
35000 §75
0.35 350
1150

275

0.115 550
0.7 325
0.7 525
1.0 750

OUTPUT
My lood Waotls

20

14000

8000

0.21

0.24
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TUBE CATHODE NOTES : CHARACTERISTICS (Continued) OuTPUT

Number Type Socket Kind Volts Amps Ep Eg Es Ip Is Rp  Gm-Gc Mu Lload Watts
1D5-GT Pa 98 F 2.0 0.086 180 - 3.0 67.5 2,2 0.7 0.6 650
1D7-G c5 167 F 2.0 0.06 mxr 180 - 3.0 67.5 1.5 2.0 0.5 300
osc 180 2.5
1D8-GT PTD 170 F 1.4 0,10 pen SU - 9,0 €0 50 1.0 0.2 925 12000 0.20
tri €0 0 1.1 43500 575 25
1E4-G ‘a 84 F 1.4 0.05 80 - 3.0 1.5 17000 825 14
1E5-GP Pa 97 F 2.0 0.06 180 - 3,0 67.5 1.7 0.6 1.5 650
1E7-G PPb 181 F 2,0 0.24 p-p 135 - 7.5 135 7.0 2.0 24000 0.575
1F4 Pb 15 F 2.0 ¢€.12 135 - 4.5 135 8.0 2.4 0.2 1700 16000 0.31
1F5-G Pb 87 F 2.0 0.12 135 - 4.5135 8.0 2,4 0.2 1700 16000 0.31
1F6 PDD 32 F 2.0 0.06 180 - 1.5 67.5 2.2 0.7 1.0 650
1F7-G PDD 173 F 2.0 0.06 180 -1.5 67.5 2.2 0.7 1.0 650

164G/GT Ta 84 F " 1.4 0,05 9 - 6,0 2,3 10700 825 8.8
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TUBE CATHODE NOTES CHARACTERISTICS (Continved) OuTPUT

Number Type Socket Kind Volts Amps Ep - Eg Es Ip Is Rp Gm-Ge Mv Lload Watts ,
1G5-G Pb 87 F 2.0 0.12 135 -13.5 135 8.7 2,5 0.16 1550 9000 0.55
lGGG/GT T 117 F 1.4 0,10 90 0 1.0 45000 675 30

1H4-G Te 84 F 2.0 0.06 180 -13.5 3.1 10300 -900 9.3

1HSG/GT TD 102 F 1.4 0.05 %0 © 0.15 0.24 275 65

1H6~G DD 118 F 2.0 0.06 135 - 3.0 0.8 35000 575 20

1J5-G Pb 87 F 2,0 0.12 135 -16.% 135 7.0 2.0 0.105 950 0.135 0.45
1J6—G. T 117 F 2.0 0.24 135 - 3.0 3.4 10000 1.9
L4 Pa 71 F 1.4 0.05 90 0 S0 4,5 2,0 0,35 10256

1LA4 Pb 97 F 1.4 0.05 90 - 4.5 90 4.0 0.8 0.3 850 25000 0.115

1LA6 c5 144 F 1.4 0.05 mxr 90 0 45 0.55 0.6 0.75 250
ose 90 1.2
1LB4 Pb 121 F 1.4 0.05 290 - 9.0 90 5,0 1,0 0.2 925 12000 0.20

1ILCS - Pa 122 F 1,4 0.05 €0 0 45 1.15 0.2 1.5 776



6L

Number
1LC6

1LDS
1LE3
1LA4
1LNS
1N5G/GT
1P5-GT
1Q56/GT
1R4/1294
1R5

154

185

TUBE
Type
cs
PD
Ta
D
Pa
Pa

Pa

(43
Pb

PD

Socket
144

137
108
112
122
97
97
88
109
5
72

76

CATHODE
Kind Volts Amps
F 1.4 0.05
F 1.4 0.05
F 1.4 0.05
F 1.4 0.05
F 1.4 0.05
F 1.4 0.05
F 1.4 0,05
F 1.4 0.10
F 1.4 0.15
F 1.4 0,05
F 1.4 0.10
F 1.4 0.05

NOTES

Ep
mxr 90
oso 45
90

90

90

90

90

90

90

117

90

90

67.5

Eg

- 4.5

- 7.0

CHARACTERISTICS (Continued)

Is

Rp

0.78 0.7 0.65

Es Ip
&5
1.4
45 0.6
4.5
0.15
90 1.6
90 1.2
80 2,3
80 9.5
1.0
67.5 1.6
67.5 7.4
67.5 1.6

0.1

0.35

0.7

1.3

3.2
1.4

0.4

0.75
11200
0.24
1.1
1.5
0.8

75000

0.6
0.1

0.6

Gm-Ge
275

5§75
1300
275
800
750
750

2200

300
1575

625

14.5

65

OUTPUT
My  load Watis

8000

8000

0.27

0,27




08

Number
1T4
1T5-GT
1-v

2A3

TUBE
Type

Pa

Tb
Pb
DD

cs

TTc
PDD
TTea

Ta

Socket
7
87
3
4
27
31

45

48
44
43

184

Kind Volts

CATHODE NOTES
Amps Ep
1.4 0,05 90
1.4 0.05 90
6.3 0.3 329
2.5 2.5 250
2.5 1.75 250
2,5 0.8 250
2.5 0.8 mxr 250
osc 250
2,5 2,25 250
2,5 0.8 250
6,3 0.6 each 250
6.3 0.3 300

CHARACTERISTICS (Continued)

Eg Es Ip
0 67.5 3.5
- 6,0 90 6.5

45

=45 60

-16,5 250 34
- 2.0 0.9
- 3.0 100 3.5
4.0

=24 40
- 3.0 100 6.0
-16.5 8.3
-10.5 11.0

Is
1.4

1.4

6.5

1.5

Rp Gm-Gc
0.5 900
1150

800 5250
80000 2500
1000 1100
0.3 550
5150 3500
0.8 1000
7600 1375
6600 3000

QUTPUT
Mu  load Watts
14000 0.17
4.2 2500 3.5
7000 5.2
100
18 5000 4,0
0.4

20



Number

2ES

2G5

25/4s
W3
222/G84
3a4
345

3A8-GT

3B5-GT
3B7/1921

3C5-GT

TUBE
Type Socket
I 26
I | 26
DD 12
Rh 50
Rh 1
Pb 74
TTea 77
PTD 171
B 89
TTb 133
Pb 89

CATHODE
Kind Volts Amps
H 2.5 0.8
H 2.5 0.8
H 2.5 1.5
F 2,6 1,5
F 2.8 1.5
F l.4p 0.2
F l.4 n 0.22
F l.4 p 0.10
F 1.4 p 0.10
F l.4 po.22
F 1.4 p 0.10

NOTES
Ep Eg
tri 250 0
tar 250
tri 250 0
tar 250
50
350
360
150 - 8.4
90 - 2.5
pen S0 0
tri S0 0
67.% =7.0
20 0
67.5 =7.0

CHARACTERISTICS (Continued)

Es

20

90

67.5

67.5

Is

2.2

0.5

0.6

Rp  Gm-Ge
0.1 1900

8300 1800
0.8 750
0.2 325
0.1 1650
11000 1850
0.1 1650

My

15

65

20

OUTPUT
load Watts
8000 0.7
5000 Q.2
8000 1.0
5000 0.2



4]

Number
3D6/1299

3LE4

574
8U4-G
9V4-G

5W4/G/GT

TUBE
Type Socket

B
Pb
Pb
Pb
B
Pb

Rf

Rf

Rf

Rf

115
115
115
73
89
73

51

51

&3

51

CATHODE

Kind Volts Amps
F 1.4 p0.22
F 1.4 p 0.10
F 1.4 p 0.10
F  1l.4p 0.10
F 1.4 p 0.10
F 1.4 p0.10
F 5.0 2.0
F 5.0 3.0
H 5.0 2.0
F 5.0 1.5

NOTES
Ep

90
90
90
90

90

90

con 450
ohk 550

oon 450
ohk 560

oon 375
ohk $00

oon 350
chk 50O

Eg
4.5
9.0
4.5

4.5

7.0

Es
90
90
90
90

90

9.5

7.4

229
225

225

226

175
175

100
100

Is
1.6
1.8
1.3
2.1

1.6

1.4

Rp

0.11

0.1

0.1

CHARACTERISTICS (Continued)
Ip

Gm-Ge
2400
1600
2200
2150

2100

1575

OUTPUT
Load Watts
8000 0.27
6000 0.3
80Q0 0.27

10000 0.27
8000 0.27
8000 0.27



Tty

TUBE CATHODE
Number Type Socket Kind Volts Amps
$X4-6  Rf 106 F 5.0 3.0
5Y3G/GT Rf 51 F 50 2.0
5Y4-G Rf 106 F 50 2.0
523 Rf 7 F 50 3.0
524 Rf 53 H 50 2.0
643 Tb 4 F 6.3 1.0
6a4/LA Pb 16 F 63 0.3
6A5-G T 113 H 6.3 1.25
646 T 37 H 6.3 0.8

NOTES
Ep

con 450
ohk 550

ocon 350
ohk 500

con 350
ohk 500

ocon 450
ohk $50

con 350
ohk 500

250
180
250

Ci-B 300

Eg

45

~12

-45

Es

180

CHARACTERISTICS (Continued)

Ip

225
228

125
125

125
125

2256
225

126
125

60
22
60

17.5-

3.9

Rp Gm-Ge

800 6250
45500 2200

800 5250

My

4.2

4.2

OUTPUT
load Watts
2500 3.2
8000 1.4
2500 3.75
8000 10.0



v8

. TUBE CATHODE  NOTES CHARACTERISTICS (Continued) OUTPUT

Number Type Socket Kind Volts Amps Ep Eg E Ip Is Rp GmGe Mu loead Watts
BA7 /S C5 45 E 6.3 0.3 omxr250 -3 100 3.6 2.7 0.3 550
. osc 250 4.0
GAB/G/GT ¢5 166 H 6.3 0.3 mxr 250 -3 100 3.6 2.7 0.3 550

osc 260 4.0
CAB6-G TTe 93 H 6.3 0.5 in 250 0 5.0 40000 1800 72

out 250 0 $4.0 8000 3.6
6AB7/1853 Pa 126 H 6.3 0.45 300 -3.0 200 12.5 5.2 0.7 5000
6AC5G/GT Tb 62 H 6.3 0.4 250 drw 32 7000 3.7
6ACGG TTe 93 H 6.3 1.1 in 180 0 7.0 3000 54

out 180 0 45.0 4000 3.8
64C7/1852 Pa 126 H 6.3 0.45 300 eath 150 10.0 2.5 0.1 9000
6ADS-G Ta 62 H 6.3 0.3 250 =2.0 0.9 1500 100
6ADG~G I 95 H 6.5 0.15 ray 75

tar 150 3.0 .



<8

TUBE CATHODE NOTES CHARACTERISTICS (Continued) OUTPUT

Number Type Socket Kind Volts Amps Ep Eg Es Ip Is Rp Gm-Ge Mu Llood Watts
6AD7-G PT 162 ) 6.3 0.85 pen 250 -16, 55250 34.0 6.5 80000 2500 7000 3.2
tri 250 =25 4,0 19000 325 6
GA.ESG/GT Ta 62 H 6.3 0.3 95 -15 7.0 3500 1200 4.2
6AE6-G Toa 85 H 6,3 0.15 P1-3 250 =1.5 6.5 25000 1000 25
_P1-4 250 -1.5 4,5 38000 950 33
6AE7-GT Tia 130 H 6.3 0.5 250 -13.5 10.0 4650 3000 14
6AFS Ta 62 H 6.3 0.3 180 -18 7.0 4900 1500 7.4
6AF6-G I 55 H 6.3 0.15 ray 81
tar 135 1.5
6AGE-G Pb 91 H 6.3 1.25 250 -6.0 260 32.0 6.0 10000 8500 3.75
BAG?7 Pv 128 H 6.3 0,65 300 ~10.5 300 25.0 6.5 0.1 7700
GAHS-G B 176 H 6.3 0.9 350 -18 250 33000 5200 4200 10.8
6AH7-GT TTa 143 H 6.3 0.3 250 =9,0 12.0 6600 2400 16

6AKS Pa 78 i 6.5 0.175 180 ocath 120 7.7 2.4 0.69 5100



98

Number
6 AK6
SALS
6ALS
6AQ6
6B4-G

6B5

6B6~G
6B7 /s
688 /G
6C4
6C5/G/GT

8cé

TUBE

Type Socket

Pb
DD
B
TDD
Tb

TTe

TDD
PDD
PDD

T

Pa

187
190
185
189

84

29

101

174
69
134

35

CATHODE NOTES

Kind Volts Amps Ep
bid 6.3 0.15 180
H 6,3 0.3 150
H 6.3 0.9 250
H 6.3 0.15 250
F 6.3 1.0 250
H 6.3 0.8 1in 300

out 300
H 6.3 0.3 250
H 6.3 0.3 250
i 6.3 0.3 250
H 6.3 0.15 250
H 6.3 0.3 250
H 6.3 0.3- 250

9.0

CHARACTERISTICS (Continued)

Es Ip
180 15.0
9.0

280 72.0

100 6.0
100 6.0
10.5
8.0

100 2.0

Is

2,5

5.0

Rp
0.2

22500
58000

800

. 24000

91000

0.8

0.8

7700

1.0 +

Gm-Ge

2300

6000
1200
5250

2400

1100

-
1000

1000

2200
2000

1225

OUTPUT
My lood Wotts
10000 1.1
2500 6.5
70
4.2 2500 3.2
58
7000 4,0
100
17
20



{8

"Number
6C7
6C8-G
6D6
6D7

6D8-G
6ES5

626
687
6F4
6F5/G/or

6F6 /G

TUBE

Type Socket
DD 41
TTa 175
Pa 35
Pa 42
c5 166
1 26
T 37
Fa 42
Ta 196
Ta 54
Pb 91

CATHODE NOTES
Kind Volts Amps
4] 6.3 0.3
H 6.3 0.3 each
H 6.3 0.3
H 6.3 0.3
H 6.3 0.15 mxr
os¢
H 6.3 0.3 tri
tar
H 6.3 0.6
H 6.3 0.3
H 6.3 0.225
H 6.3 0.3
H 6.3 0.7

Ep
250
250
250
250
250
250
250
250
250
180
250

250
375

Es

100

100

100

100

250
250

CHARACTERISTICS (Continued)

Ip
4.5

3.2

Is

2.0

2.6

2.0

Rp
16000
22500
0.8
1.0 +

0.4

3500
0.8

2300
66000

80000

Gm-Gc
1250
1600
1600
1225

550

1700
1600
5800
1500

28500

Mu
20

36

1500

6
iz2s0
17

100

OUTPUT
Watts

Load

14000

7000
10000

1.6
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Number

6F7 /8

6F8~C
6G5

6G6G
GH4~GT
6HS
6H6/G/GT
6J4
6J5/G/GT
6J6

6J7/G/GT

TUBE

Type Socket

PT 46
TTa 175
See 6US

Pb 91
D 52
See 6U5

DD 86
Ta 188
Ta 62
TP 81
Pa 9¢

CATHODE NOTES
Kind Volts Amps Ep
H 6.3 0.3 tri 100

pen 250
H 6,3 0.6 each 250
it 6.3 0.15 180
H 6.3 0.15 100
H 6.3 0.3 each 117
H 6.3 0.4 150
H 6.3 0.3 250
H 6.3 0.45 each 100
H 6.3 0.3 250

cath

~8.0

cath

CHARACTERISTICS (Continued)

Es Ip

3.5
100 6.5

8.0

180 15.0

4.0

4.0
15.0
8.0

100 2.0

Is Rp
16200
1.5 0.85
7700
2.5 0.175
4500
7700
7100
0.5 1.0 +

1226

OUTPUT
Gm-Ge Mu Load Waits
525 .5
1100 S00
2600 20
2300 10000 1.1
12000 55
2600 20
5300 38



68

TUBE

Number
6J8-G c7
6K56/GT Ta
6K6G/GT  Pb

6X7/G/GT Pa

6K8/G/GT C6

6L5-G Ta
8L6 /G B
6L7 /G M5
6M6-G Pb

Type Socket

165

63
91
96

164

62

90

103

91

CATHODE NOTES
Kind” Volts Amps
H 6.3 0.3 mxa
o080
tri
H 6.3 0.3
H 6,3 0.4
H 6.3 0.3
H 6.3 0.3 mxr
osc
H 6.3 0.15
H 6.3 0.9
PP
.| 6.3 0.3
H 6.3 1.2

Ep
250
250
150
250
250
250

250
100

250

250
270

250

250

Es

100

250
125

100

250
270

100

250

CHARACTERISTICS {Continued)
Rp Gm-Gc

2.6

6.0

5.0

7.1

4.0

2.5
8750
50000
68000
0.6

0.6

9000

22500
23500

1.0 +

290
1600
1400
2300
1650

350

1900

6000

375

9500

My

14

70

17

OUTPUT

Load

7600

2500
5000

7000

Watts

3.4
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Number
6UT-G

6N5
6N6-C.
6N7/G/GT

6P5G/CT

6P7-G
6P8-G

6Q6-G
6Q7/G/aT
6R6-G

TUBE
Type

Pa

1

TTe

TTH

Ta

PT

cé

™
DD

Pa

Socket
96

26

94

131

62

168-

164

66
101

123

CATHODE NOTES
Kind Volts Amps
H 6.3 0.3
H 6.3 0.15 +tri
tar
H 6.3 0.8 in
out
H 8.3 0.8 C(C1-A
Cl-B
H 6,3 0.3
H 6,3 0.3 pen
tri
H 6.3 0.8 mxr
oso
H 6.3 0.15
H 6.3 0.3
H 6.3 0.3

Ep
250

135
135

300
300

250
300

250

250
100

250
100

260
250

250

CHARACTERISTICS (Continued)
Rp Gm-Gc

Eg Es Ip
-2,5 1256 10,5

0 0.5

2,0

0 9,0

42.0

-5.0 6.0
0 17.5

-13.5 6.0
-3.0 100 6.5
=3.0 3.5
-2.0 75 1.5
2.2

=3.0 1.2
=3.0 1.0
~-3.0 100 7.0

Is

2.8

1.4

0.9

24000

11300

9500

0.85
16200

58000

3400

2400

3100

1450

1100
525

1050
1200

1450

My

58

35

OUTPUT

Load

7000

8000

Watts

4.0

10.0



16

Number
6R7/G/GT
656-GT
6S7 /G
68A7
6SA7G/GT
6sc7
65D7-GT
6SE7-GT
6SF5 /GT
6SF7
65G7
65KH7

TUBE

Type Socket

TDD
Pa
Pa
cs
cs
TTs
Pa
Pa
Ta
PD
Pa

Pa

101

176

96

155

153

132

126

126

61

145

125

125

CATHODE NOTES
Kind Volts Amps
H 6.3 0.3
H 6.3 0.45
H 6.3 0.15
B 6.3 0.3
H 6.3 0.3
q 6.3 0.3
1 6.3 0.3
it 6.3 0.3
H 6.3 0.3
H 6.3 0.3
H 6.3 0.3
H 6.3 0.3

Ep
250
250
250
250
250
250
100
250
250
250
250

250

Es

100
100
100

100

100

100

100
125

150

CHARACTERISTICS (Continued)

Ip
9.5

13.0
8.5
3.4
3.4
2.0

6.0

11.8

10.8

Is

1.9

1.5

3.3
4.4

4.1

Rp Gm-Ge

8500 1900
0.35 4000
1.0 1750
0.8 450
0.8 450
53000 1325
1.0 3600
1.1 3400
66000 1500
0.7 2050
0.9 4700
0.9 4900

Mu

16

70

100

OuTPUT

Load

Watts



Z6

TUBE
Number Type
88J7 /GT Pa
6SK7/G/GT Pa
6SL7~GT TTa
6SN7~GT TTa
65Q7/6/GT TDD
65R7 TDD
6887 Pa
8s17 TDD
6T5 I
6T6~GM Pa
6T7-G TDD

Socket

126
126
142
142
134
134
126
134

26

178

101

CATHODE NOTES
Kind Volts Amps
H 6.3 0.3
H 6.3 0.3
H 6.3 0.3 each
H 6.3 0.6 each
H 6.3 0.3
H 6.3 0.3
): 6.3 0.15
H 6.3 0.15
H 6.3 0.3 tri
tar
H 6.3 0.45
): 6.3 0.15

Ep
250
250
250
250
250
250
250
250

250
250

250

250

CHARACTERISTICS {Continued)
Rp Gm-Ge

Es Ip
100 3.0
100 9.2
2.3
9.9
0.9
9.5
100 9.0
9.5
0.24
4.0
100 10.0

1.2

Is
0.8

2.6

2.0

2.0

1.0 +
0.8

44000
7700
91000
8500
1.0

8500

1.0

62000

1650

2000
1600
2600
1100
1900
1850

1500

5500

1050

OUTPUT

Mu  load Watts
70
20
100 -
16 10000 0.3
16 10000 0.3
65



£6

Number

6U5/665

6U6~-GT
6U7-G

6V6/G/GT

6V7-G
6W5-G
6W6-GT
6W7-G

6X5/G/GT

6X6-G

TUBE
Type Socket
I 26
B 90
Pa 36
B 90
TDD 101
Rf 58
B 90
Pa 96
Rf 58
I 92

CATHODE NOTES
Kind Volts Amps
H 6.3 0.3 tri
tar
H 6.3 0.75
H 6.3 0.3
H 6.3 0.45
PP
H 6.3 0.3
H 6.3 0.9
H 6.3 1.25
H 6.3 0.15
H 6.3 0.6 con
ohk
H 6.3 0.3 tri
tar

Ep

250
260

200
250

250
250

250
350
135
250

325
450

250
135

Es

100

250
250

135

100

Ip

0.24
4.0

55
8.2

45
70

8.0
100
61

2.0
70
70

2.0

{s

3.0

o »n

12.0

CHARACTERISTICS (Continued)

Rp  Gm-Gc

20000 6200
0.8 1600

52000 4100

7500 1100

€500

1.5 1225

My

OUTPUT
load Watts
3000 5.5
5000 4.5
10000 10.0
20000 0.35
2000 3.3



¥6

TUBE CATHODE NOTES CHARACTERISTICS (Continued) OUTPUT

Number Type Socket Kind Volts Amps Ep Eg Es Ip Is Rp Gm-Gec Mu Lload Watts
8Y5 Rf 21 H 6.3 0.8 oon 350 50

6Y8~G B 90 H 6.3 1.25 200 -14.0 135 61 2.2 18300 7100 2600 6.0
6Y7-G TTe 131 H 6.3 0.6 250 0 10.5 14000 8.0
623 Rh 3 H 6.3 0.3 con 350 60
624 See 84/674

625 Rf 24 H 6.3 p 0.8 230 80
62470 TIb 131 H 6.3 0.3 180 0 4.2 20000 2.2
62Y5-G Rf 58 H 6.3 0,3 oon 325 40

ohk 450 40

TA% Ta 111 H 8.3 0.3 250 =8.0 9,0 7700 2600 20

TA5 B 123 H 6.3 . 0.7 125 -9,0 120 44,0 3.3 16800 6000 2700 2.2
TA6 Db 116 H 6.3 0.15 150 8.0 ‘

TA7 Pa 124 H 8.3 0.3 250 -3,0 100 9.2 2.4 0.8 2000



TUBE

Number

TA8 c8

7B4 Ta

7BS Pb

7B6 TDD
© 7B7 Pa
v

7B8 [}

7€4/1203A D

7¢5 B
76 DD
7C7 Pa
7E5/1201 Ta

Type Socket

157

1
127
135
124

156

109
123
1356
124

114

CATHODE NOTES
Kind Volts Amps Ep
H 6.3 0.15 mxxr 250

oso 250
H 6.3 0.3 250
H 6.3 0.4 250
H 6.3 0,3 250
H 6.3 0.15 250
H 6.3 0.3 mxr 250

oso 260
H 6.3 0.15 117
H 6.3 0.45 250
H 6.3 0.15 260
H 6,3 0.15 250
H 6.3 0,15 180

-12.5

~1.0

~3.0

=3.0

Es

100

250

100

100

250

100

CHARACTERISTICS (Continuad)
Rp  Gm-Gc

Ip

Is

3.2

4.0

0.7

66000
75000
91000
0.75

0.36

52000

0.1
2.0

12000

650

1500
2100
1100
1750

550

4100
1000
1300

3000

My

100

100

100

36

OUTPUT
Lload Watts

9000

4.5



96

Number
TES
TE7
7F7
7F8
767/1232
7H7
797
7
N7

797

7R7

TUBE
Type Socket

TDD

PDD

TTa

TTa

c7

Pa

TTa

cS

PDD

135
158
14

83

124

163

124
141
154

158

CATHODE
Kind Volts Amps
H 6.3 0.3
H 6.3 0.3
H 6.3 0.3
H 6.3 0.3
H 6.3 0.45
H 6.3 0.3
H 6,3 0.3
H 6.3 0.3
H 6.3 0.6
H 8.3 0.3
H 6.3 0.3

NOTES

osc

Ep
250
250
250
250
250
250

250
250

250

250

Es

100

100
150

100

100

100

100

CHARACTERISTICS (Continued)

Ip
9.5
7.5
2.3

10.0

6.0

Is

1.6

2.0

2.8

1.5

2.1

Rp
8500

0.7

44000

10500

7700

1.0

Gm-Ge
1900
1300
1600
5000
4500
3800

290

3100
2600
550

3200

Mu

16

70

20

OuTPUT

Load

Watts



L6

Number

7s7

777
'
W7

Y4

724

10
12
12-A

12A5

TUBE
Type Socket
€7 163
Pa. 124
Pa 124
Pa 129
Rf 110
Rf 110
T 4
Ta 4
~Ta 4
Pb 38

CATHODE NOTES
Kind Volts Amps Ep
H 6.3 0.3 nmxr 250

osc 250
H 6.3 0.3 250
H 6.3 0.45 300
H 6.3 0.45 300
H 6.3 0.5 comn 325

chk 450
H 6.3 0.9 con 325

chk 450
F 7.5 1.25 425
F 1.1 0.25 135
F $.0 0.25 180
H 6.3 p 0.6 180

=10.5
-13.5

-25.0

CHARACTERISTICS (Continued)

Es Ip

100 1.8
5.0
150 10.8
150 10.0
150 10.0

60
60

100
100

18.0
3.0
7.7

180 45.0

Is Rp  Gm-Ge
3.0 1.25 525
4.1 0.9 4900
3.9 0.3 5800
3.9 0.3 5800

6000 1600

15000 440

4700 1800

8.0 35000 2400

Mu

8

6.6

QUTPUT

load Watts
10200 1.6
3300 3.4



86

Number
12A6
12A7

12A8G/GT

12AH7
1286
12B7

12B8-GT

1208
12F5-GT
12H6

12J5-GT

TUBE
Type Socket

B 90
PR 47
c5 166
TTa 143
TD 66
See 14A7
PT 169
PDD 174
Ta 54
DD 86
Ta 62

CATHODE
Kind Volts Amps
H 12,6 0.15
H 12.6 0.3
H 12.6 0.15
H 12,6  0.16
H 12,6 0.15
H 12.6 0.3%
H 12.6 0.15
H 12.6  0.15
H 12.6 0.15
H 12.6 0.15

NOTES

pen

mnxr
0so

pen
tri

each

Ep
250
135

250
250

250

90
90

250
280
117

250

Eg
-12.5

-13.5

CHARACTERISTICS (Continued)

Es Ip
250 30.0
135 9.0
100 3.5
4.0
7.6
0.9
90 7.0
2.8
125 10.0
0.9
4.0
9.0

is

2.0

2.3

Rp
70000
0.102

0.3

8400

91000

0.2
37000

66000

7700

Gm-Ge
3000
979

550

1800

1100

1800
2400

1325

1500

2600

OUTPUT

Mu  Lload

7500

13500

16

100

90

100

20

Watt:

3.4

0.55



66

TUBE CATHODE NOTES CHARACTERISTICS (Continued) OUTPUT

Number  Type Socket Kind Volts Amps Ep Eg Es Ip Is Rp Gm-Gc Mvu load Watts
1247-GT Pa 96 H 12.6 0.15 250 ~=3,0 100 2.0 0.5 1.0 + 1225
12K7G6/GT Pa 96 H 12.6 0.15 250 =3.0 125 10.5 2.6 0.6 1650
12K8 cé 164 H 12.6 0.15 mxr 250 =3.0 100 2.5 6.0 0.6 350

osc 100 3.8

I?.XQ7 0D 101 H 12,6 0.15 250 -3.0 1.0 58000 1200 70
125A7 CcS 155 H 12.6 0.15 250 =2.0 100 3.4 8.0 0.8 450
12SA7G/GT C5 153 H 12.6 0.15 250 =2.0 100 3.4 8.0 0.8 450

125C7 TTa 132 H 12.6 0.15 250 =-2,0 2.0 §3000 1325 70
12SF5/GT Ta 61 H 12.6 0.15 250 -2.0 0.9 66000 1500 100
12SF7 PD 145 H 12.6 0.15 250 =-1.0 160 12.4 3.3 0.7 2050

12567 Fa 125 H 12.6 0,15 250 -1.0 125 11.8 4,4 0.9 4700

12847 Pa 125 H 12.6 0.15 250 -1.0 150 10.8 4.1 0.9 4900

12847/GT Pa 126 H  12.6 0.15 250 -3.0 100 3.0 0.8 1.0 + 1650



00l

TUBE CATHODE NOTES CHARACTERISTICS (Continued) OUTPUT

Number Type Socket Kind Volts Amps Ep Eg Es Ip Is Rp Gm-Ge Mv load Watts
123K7/G/GT Pa 126 H 12.6 0.15 250 -3.0 100 9.2 2.6 0.8 2000

12SL7-GT TTa 142 B 12.6 0.15 each 250 -2.0 2.3 44000 1600 70

125H7-GT TTa 142 H 12.6 0.5 each 250 =8.0 9.0 7700 2600 20

125Q7/G/GT TDD 134 H 12.6 0.15 250 -2.0 0.9 91000 1100 100

12SR7 TDD 134 H 12.6 0.15 250 -9.0 9.5 8500 1900 16 10000 0.3
1223 Rh 3 H 12.6 0.3 con 235 55

14A4 Ta 111 H 12.6 0.15 250 -8.0 9.0 7700 2600 20

1445 B 123 H 12.6 0.15 250 -12.5 250 30.0 3.5 70000 3000 7500 3.4
14A7/12B7 Pa 124 H 12.6 0.15 250 -3.0 100 9.2 2.4 0.8 2000

14AF7 TTa 141 H 12.6 0.15 250 -10.0 9.0 7600 2100 16

14B6 TDD 135 H 12.6 0.15 250 -2.0 0.9 1000 1100 100

14B8 c6 156 H 12.6 0.15 mxr 250 -3.0 100 . 2.7 0.36 550

3.5
oso 250 4.0



101

Number
14C5
14C7
14E6
1457
14F7
1417

1497

1457
14Q7
14R7

1487

TUBE
Type

B
Pa
TDD
PDD
TTa
Fa

c7

TTa
4]
PDD

c7

Socket
123
124
135
158
141
124

163

141

CATHODE NOTES
Kind Volts Amps
ol 12,6 0.225
H 12.6 0.15
H 12,6 0.15
H 12.6 0.15
H 12.6 0.15
I 12,6 0.15
H 12.6 0.15 mxr
oso
H 12.6 0.3
H 12,6 0.15
2] 12.6 0.15
B 12.6 0.15 mxx
os¢

Ep
250

250

250
250
250

250
250

250
25Q
250

250
250

Es

250

100

100

100

100

100

100

Ip

9.5
7.5

2.3

Is

1.6

3.5

2.8

8.9
2.1

3.0

CHARACTERISTICS (Continued)

Rp  Gm-Gc
52000 4100
1.0

8500 1900
0.7 1300
44000 1600
0.8 3800

1.5 290

7700 2600
1.0 550
1.0 3200

1.25 525

Mu

16

70

OUTPUT

Load

5000

Watts

4.5



Zol

TUBE CATHODE NOTES CHARACTERISTICS (Continued) OUTPUT

Number Type Socket Kind Volts Amps Ep Eg Es Ip Is Rp Gm-Gec My load Watts

14w7 Pa 129 H 12.6 0.225 300 cath 160 10.0 3.9 0.3 5800
14Y4 Rf 110 H 12.6 0.3 con 325 60

chk 450 60
15 Pa 18 H 2.0 0.22 135 =-1,5 67.5 1.85 0.3 0.8 750
18 Pb 27 H 12.6 0.3 250 -16.5 250 34.0 6.5 80000 2500 7000 3.2
19 TTb 23 F 2.0 0.26 135 -3.0 3.4 10000 1.9
20 Tb 4 F 3.3 0.132 135 -22,5 6.5 6300 525 3.3 6500 0.11
21A7 cé 163 H 19.0 0.3 mxr 250 =3.0 100 1.3 2.8 275

osec 150 -3.0 3.5
22 Sa 10 F 3.3 0.1382 135 -1.5 67.5 3.7 1.3 0.325 500"
24A /S Sa 17 H 2.5 0.17s 250 -3.0 S0 4.0 1.7 0.8 1060 630
25A6/G/GT Pb €1 H 25.0 0.3 160 -18.0 120 33.0 6.5 42000 2375 5000 2.2
25A7G/GT PR 161 H 25.0 0.2 oen 100 -15.0 100 2¢.5 4.0 50000 1800 4500 0.77

rec 117 75



€01

TUBE

Number Type Socket
25AC5G/GT Tb 62

25B5 TTe 30

25B6-G Pb 91

25B8-GT PT 169

25C6-G B 90

2508-GT PTD 172

25L6/G/GT B 90

25N6-G TTe 83

258 See 1B5

25X6-GT Rd 86

CATHODE NOTES

Kind Volts Amps

H 25.0 0.3
H 25.0 0.3 in
out

H 25.0 0.3
H 25.0 0.15 pen
tri

H 25.0 0.3
H 25.0 0.15 pen
tri

B 25.0 0.3
H 26,0 0.3 in
out

H. 25.0 0.15

Ep
165

100
180

200

100
100

200

100
100

200

100
180

Eg

drvr

135

100

135

100

110

CHARACTERISTICS (Continued)
Rp Gm-Ge

Ip

60

2.0

2.2

2,7

2.0

18000

0.185
75000

18300

0.2
91000

30000

5000

2000
1500

7100

1900
1100

9500

Mu

112

QUTPUT
lood Wotts
3500 3.3
4000 3.8
2500 7.1
2600 6.0
$000 4.3
4000 3.8



t0t

TUBE CATHODE NOTES CHARACTERISTICS {Continued) OUTPUT

Number Type Socket Kind Volts Amps Ep Eg Es Ip Is Rp Gm-Gc My load Watts
25Y4-GT Rh 56 H 25.0  0.15 117 75
25Y5 Rd 28 H 25.0 0.3 235 75
2523 Rh 3 H 25.0 0.3 238 50
2624 Rh 56 H 25.0 0.3 .117 125
2625 Rd 28 H 26.9 0.3 117 75
2526/G/GT Rd 86 H 25.0 0.3 117 75
26 Ta 4 F 1.5 1.05 180 -14.§ 6.2 7300 1150 8.3
26A7-GT BB 191 H 26.5 0.6 26,5 -4,5 26.5 20.0 2.0 2500 5500 1500 0.2
27 /s Ta 13 H 2.6 1.75 250 -21.0 8.2 9250 975 9.0
30 Ta 4 F 2.0 0.06 180 -13.5 3.1 10300 900 9.3
31 Te 4 F 2,0 0.13 180 -30.0 12.3 3600 1050 3.8 5700 0.37§

32 Sa 10 F 2.0 0.06 180 -3.0 67.§ 1.7 0.4 1.2 650



sol

Number

32L7-GT

33

34

35 /51
3545
35L6G/GT
355
3574
3523
3524-GT
3525G/GT

3526G

TUBE
Type

BR

Pb
Pa,

Sa

Sa

Rh

g

Rad

Socket

147

15
11
17
123
90
17
105
104
56
57

86

CATHODE NOTES
Kind Volts Amps
H 32.5 0.3 pen
reo
F 2.0 0.26
F 2.0 0.06
H 2.5 1.75
H 35.0 0.15
H 35.0 0.15
H 2.5 1.75
H 35.0 0.15 con
H 35.0 0,15 con
H 35.0 0.15 con
H 35.0 0.15 oon
H 35.0 0.3

Ep

920
125

180
180
250
200
110
250
125
235
125
235

125

Eg Es
-7.0 90
-18.0 180
-3.0 67.5
-3.0 90
-8.0 110
-7.5 110
-3.0 90

CHARACTERISTICS (Continued)

Ip

27.0
60.0

22.0
2.8
6.5

41.0

40.0
6.5

50

100

100

100

110

2.0

5.0
1.0
2.5
2.0
3.0

2.5

Rp Gm-Gc

17000 4800

55000 1700
1.0 620
0.4 1050
40000 5900
13800 5800

0.4 1050

OUTPUT
My load Waits

2600

6000
420

4500

2500
420

1.0

1.6

1.6



S
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Number
36
37
38
39/44
40
4025-GT
41
42
43’
ss
4573

4575-GT

TUBE
Type

Sa
Ta
Pb
Pe
Te
Rh
Pb
Pb
Fb

Tb

Socket
17
13
18

18

57
27
27

27

67

57

CATHODE NOTES
Kind Volts Amps
H 6.3 0.3
H 6.3 0.3
H 6.3 0.3
H 6.3 0.3
F 5.0 0.25
H 45,0 0.15
H 6.3 0.4
H 6.3 0.7
):4 25.0 0.3
F 2.5 1.5
B 45,0 0.075
H 45.0 0.15 oon

Ep
250
250
250
250
180
125
250
250
135
250
117

235

-18.0
~16.5
-20.0

-50.0

Es

90

250

$0

250
250

135

CHARACTERISTICS {Continued)
Rp Gm-Ge

tp
3.2
7.5
22.0
5.8
0.2
100
32:0
34.0
37.0
3@.0
65

100

1.7

3.8

1.4

5.5
6.5

8.0

0.55
8400

0.1

0.8

0.15

68000
80000
35000

1610

1080
1100
1200
1050

200

2300
2500
2450

2176

OUTPUT
Mu load Watts

9.2
10000
30
7600
7000
4000
3.8 3900

2.5

3.4
3.2
2.0

1.6



Lot

Number
46

47

48

49

50

JOAS
50C6-G
50L6-GT
50Y6G/GT
5026-G
5027-G

ol

TUBE

Type Socket
Tib 14
Pb 16
Sb 22
Tiv 14
Tb 4
B 123
B 90
B 90
Rd 86
Rd 86
Rd 138

See 35/51

CATHODE NOTES
Kind Volts Amps Ep
F 2.5 1.75 Cl-B 300
F 2.5 1,75 250
H 30.0 0.4 125
F 2.0 0.12 C1-B 180
F 7.5 1.25 400
H 50.0 0.15 200
q 50.0 0.15 200
H 50.0 0.18 200
H 50.0 0.15 117
1 50.0 0.3 117
H 50.0 0.15 117

Es

250

100

110

110

CHARACTERISTICS (Continued)
Rp  Gm-Gc

Ip
4.0

52.0
2.0
§5.0
50.0
61.0
50.0
75
125

65

Is

12,0

60000

11000

1800

35000

18300

30000

2500

3900

2100
8250
7100

9500

My

43

3.8

OUTPUT
load  Watts
5200 16.0
7000 2.7
1500 3.0
12000 3.5
3670 3.4
3000 4.7
2600 6.0
3000 4.3



801

Number
53

55 /s
56 /s
5648

57 /s
57AS

58 /s
5848

59

TOAT-GT

7OL7-GT

TUBE

Type Socket

TTb
TDD
Ta
Ta
Pa
Pa
Pa
Pa
Pb

PR

37

31

13

13

35

35

35

36

147

148

CATHODE

Kind Volts
H 2.5
H 2.5
H 2.5
H 6.3
B 2.5
H 6.3
H 2,5
H 6.3
4 2.5
H 70.0
H 70.0

NOTES
Amps

2,0 Cl-B
1.0
1.0
0.4
1.0
0.4
1.0
0.4
2.0

0.15 pen

rec

0.156 amp

o

Ep
300
250
250
250
250
250
250
250
250

110
125

110
117

Es

100
100
100
100
250

110

110

CHARACTERISTICS (Continued)
Rp Gm-Gec

Ip

17.5
8.0
5.0
5.0

2.0

35.0

40.0
60

40.0
70

Is

9.0

3.0

3.0

9500
9500
1.0 +
1.0 +
0.8
0.8

40000

15000

1100
1450
1450
1225
1225
1600
1600
2500

5800

7500

Mu

8.3

13.8
13.8
1500
1500
1280
1280
100

80

OUTPUT
Lload Watts
8000 10.0
20000 0.35
6000 3.0
2500 1.5
2000 1.8



601

TUBE - CATHODE NOTES CHARACTERISTICS (Continued) OUTPUT

Number Type Socket Kind Volts Amps Ep Eg Es Ip Is Rp Gm-Gc Mu Lload Watls
71~A Tb 4 F 5.0 0.25 180 -43.0 20.0 1750 1700 3.0 4800 0.79
75 /S TDD 31 H 6.3 0.3 250 =-2.0 0.9 91000 1100 100
75-30 VR 55 ¢ 75 5-30
76 Ta 13 q 6.3 0.3 250 ~13.5 5.0 9500 1450 13.8
77 Pa 35 H 6.3 0.3 250 -3.0 100 2.3 0.5 1.0 + 1250
78 Pa 35 &1 6.3 0.3 250 =3.0 10C 7.0 1.7 0.8 1450
79 TTb 34 hi 6.3 0.6 Cl-B 250 0O 10.5 14000 8.0
80 Rf 7 F 5.0 2,0 con 350 125

chk 500 125
8l 2h 1 ) 7.8 1.25 con 700 85
82 Rf 7 F 2,9 3.0 con 450 115
chk 550 115
83 Rf 7 F 5.0 3.0 con 450 225

chk 550 225



ol

TUBE
Number

83-V Rf
84/674 Rf
85 TDD
86AS TDD
89 Pb
90-30 VR
99-v Ta
99-X Ta
105-30 VR
117L7/M7 - BR

Type Socket

8

12

31
31
35
66

55

149

CATHODE

Kind Volts Amps
H 5.0 2.0
B 6.3 0.5
H 6.3 0.3
H 6.3 0.3
B 6.3 0.4
[

F 3.3  0.08
F 3.3 0,08
[+

H 117 0.08

NOTES
Ep

oon 375
ochk 500

con 325
chic 450

250
260
250
0
90
90

105

amp 105
reo 117

Eg

Es

-25.0 250

~4.5

~4,5

106

CHARACTERISTICS (Contirued)

Ip

175
175

60
60

8.0

4.5
32.0
10-30

2.2

Is

6.5

4.0

Rp

16000

70000

14000

14000

17000

Gm-Ge

1100
1250

1800

475

475

6300

QUTPUT
My Load Watts
8.3 20000 0.35
20
125 6750 3.4
[}
6
4000 0.85



TUBE
Number Type Socket
11787-6T BR 150
117P7-GT  BR 150
11724-GT Rh 56
_.1I7ZSQ/GT Rd 86
=150-30 R 85
182B/482B Tb 4
183/483 Tb 4
210-T See 10
485 Ta 13
840 Pa 9
864 Ta 4

CATHODE

Kind Volts Amps
H 117 0,09
H 117 0.09
H 117 0.04
H 117 0.075
c

F 5.0 1,25
F 5.0 1.25
H 3.0 1,28
F 2.0 0.13
F 1.1  0.28

NOTES
Ep

asmp 100
rec 117

amp 105
rec 117

117
117
150
250

250

180

180

Eg Es
-6.0 100
-5.2 105
~35.0
-65.0
-9.0
-3.0 67.5
-9,0

CHARACTERISTICS (Continved)

Ip

51.0
75

43.0
75

90

5.8
1.0

3.5,

Is

5.0

4.0

0.7

Rp
16000

17000

2500

2000

8900
1.0

12700

Gm-Ge

7000

5300

2000

1500

1400
400

645

Mu

12,8
400

8.2

OUTPUT
Load . Watts
3000 1.2
4000 0.85
4500 1,35
4500 1.8



[43

Number
874
950
954
955
956
967
958 /A
959
9el
1204
1221

1223

TUBE

Type Socket

VR
Pb
Pa
Td
Pa
Ta
Ta
Pa
VR
Pa
Pa

Pa

2

15
198
194
198
195
195

197
183

146
35

96

Kind Volts Amps

c

F

CATHODE

2.0

6.3

6.3
6.3

6.3

0.12
0.15
0.15
0.15
0.05
0.10

0.05

0.15
0.3

0.3

NOTES
Ep

90
135

250

48-67
250
250

250

Eg Es
-16.5 135
-3.0 100
-5,0
-3.0 100
-5.0
-7.5
-3.0 67.5
-2.0 100
-3.0 100
-3.Q 100

CHARACTERISTICS (Continued)

Ip
10-50
7.0

2.0

0.5-2
4.0
2.0

2.0

Is

2.0

0.7

2.7

0.4

1.3
0.5

0.5

Rp

0.125
1.0 +
12500
0.7

20800
10000

0.8

0.8
1.0 +

1,0 +

Gm-Ge

1000
1400
2000
1800

650
1200

600

1800
1225

1225

125

25

13.5

12

OUTPUT’

Load

13500

20000

Watts

0.575

0.136
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Number

1231
1284
1233
1602
1603
1609
1611

1612

TUBE

Type Socket
Pa 124
Pa 107
Ta 64
Tb 4
Pa 35
Pa 15
See 6F6
¥5 103
Pa 96
Pb 91
B 90
1 92

CATHODE NOTES
Kind Volts Amps
n 6.3 0.45
H 12,6 0.15
F l.4 0.11
F 7.5 1.25
H 6.3 0.3
F 1.1 0.25
H 6.3 0.3
H 6.3 0.3
X 6.3 0.7 p-p
H 6.3 0.9 p-p
H 12.6 0.15 tri
tar

Ep
300

250
250
300
300

250
250

Eg

cath

=30.0

-20.0

Es
150

100

180

67.5

100
100
500

250

CHARACTERISTICS {Continued)

Ip

10.0
9.0
4.7

18,0

8.3

Is
2.5

2.9

2,1

0.65

7.1
Q0.5
6.5

4.0

Rp  Gm-Gc
0.7 5500
0.8 2000
10750 1300

5000 1600
0.9 2000
0.4 725
1.0 + 375
1.0 + 1225

Mu

14

OUTPUT
lood Wotts

10200 1.6

40060 5.0

4000 10.0



1413

Number

1631

1632
1633
1634
1635
1642
1644
1851
7000
7193
7700

9001

TUBE
Type

B

TTa
TTa
TTb
TTa
PPt
Pa

Pa

Socket

90

90
142
132
131

43
152

96

96
184

35

82

CATHODE NOTES
Kind Volts Amps
H 12.6 0,45
| 2 4
H 12.6- 0.6
H 25.0 0.15
H 12,6 0.15
H 6.3 0.6 Cl-B
H 6.3 0.6
H 12.6 0.15
H 6.3 0.45
H 6.3 0.3
H 6.3 0.3
H 6.3 0.3
H 6.3 0.15

Ep

250
270

100
250
250
300
250
180
300
250
300
250

250

Eg

-14.0
-17.6

~7.5
-8.0

-2.0

Es

250
270

110

130
150

100

100

100

CHARACTERISTICS (Continued)

Ip

72.0
134

49.0
11.5

2.0

8.3
13.0
10.0

2.0

2.0

2.0

Is

5.0
11

4.0

2.8
2.5

0.5

0.7

Rp Gm-Gc

22500 6000
23500

13000 9000
6900 2600

53000 1325

7600 1375
0.16 2150
0.1 €000
1,0 + 1225

6600 3000
1.0 + 1225

1.0 + 1400

Mu

18

70

10.4

20

OUTPUT

Load

2500
5000

2000

12000

10000

Watts
6.5
17.5
2.1

10.4

1.0



Slt

TUBE CATHODE NOTES CHARACTERISTICS (Continued) OQUTPUT

Number Type Socket Kind Volts Amps Ep Eg Es Ip Is Rp Gm-Gc Mu Lload Watts
€002 Ta 70 H 6.3 0.15 250 -7.0 6,3 11400 2200 25
9003 Pa 82 H 6.3 0.15 250 -3.0 100 6,7 2.7 0.7 1800
9004 D 192 H 6,3 0.15 117 5.0
9005 D 193 H 3.6 0.165 117 1.0
9006 Rh 65 H 6.3 0.15 270 5.0
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REPLACEMENT TUBES

The table of Replacement Tubes lists original and
replacement types which have the same or equivalent
characteristics, but which require the indicated changes
of sockets, socket wiring, or filament or heater voltage.
The internal capacitances usually are different in the
original and replacement types, which necessitates re-
alignment and other readjustments.

In the column headed Socket Type are shown the
number of pin holes for the original and replacement
types, also changes between locking types (abbreviated
lok) and octal types. .

The column headed Socket Wiring shows wiring
changes as indicated by the numbered diagrams of base
or socket connections, which follow the earlier Tube
Table. The first of the two listed numbers is that of the
diagram for the original tube; the second is that of the
diagram for the replacement tube.

Changes of filament or heater voltage always mean an
accompanying change of current. The currents are shown
in the Tube Table. A star (*) in this column indicates
a change of current with no change of required voltage.

REPLACEMENT TUBES
Requirep CHANGES

ORIGINAL ~ RepLACEMENT  Socket Socket Filt or Htr
Tube Tube Type Wiring Voltage
1A4P 1D5SGP Sto8 11 to 97
1ASGT/G 1LA4 to lok 87 to 121
1A6 1D7G 6to 8 33 to 167
1B4P 1ESGP Sto 8 11 to 97
1B5/25S 1H6G . 6to8 25to 118
1C6 1C7G 6to8 33to 167
1F4 1F5G Sto 8 15 to 87
1F6 1F7G 6to8 32t0173
1HSGT 1LH4 8 to lok 102 to 112
1LA4 1ASGT/G lok to 8 121 to 87
1LH4 1HSGT lok to 8 112 to 102
2AS5 6F6G 6to8 27 to 91 2.5 to 6.3
2A6 6SQ7G 6to8 31to134  2.5t0 6.3
2A7/S 6A8 7to8 45 to 166 2.5 to 6.3
2B7/S 6B8G 7t08 44 to 174 2.5t0 6.3
2ES 2.5 to 6.3
3i.F4 305GT/G lokto 8 115 to 89
5U4G X4G 51 to 106
X4G sU4G 106 to 51
SY3GT/G 5Y4G 51 to 106
5Y4G SY3GT/G 106 to 51
SZ3 SU4G 4to8 7 to 51
6A3 6B4G 4to8 4 to 84
6A6 6N7GT/G 7to 8 37 to 131
6A7/S 6A8 7to8 45 to 166
BS 6N6G 6to 8. 29 to 94
6B6G 6SQ7 101 to 134
6B7/S 6B8G 7to8 44 to 174
C6 617 6to8 35 to 96
66 6U7G 6to8 35 to 96
67 6]7 7to8 42 to 96
6U7G 7t08 42 to 96

6E7
6F5/G/GT 6SFS 54 to 61
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N Requirep CHANGES
ORIGINAL ~ REPLACEMENT Socket Socket Filt or Htr

Tube Tube Type Wiring Voltage
6F7 6P7G 7to8 46 to 168
6F8G 6J5 175 to 62 .
6SK7 7A7 8 to lok 126 to 111
6SN7GT 6]5 142 to 62 .
6597 6B6G 134 to 101
55 6SR7 .
6V6GT/G 7Cs 8 to lok 90 to 123
7A4 6]5 lok to 8 111 to 62
7A7 6SK7 lok to 8 111 to 126
78B4 6SFS - lok to 8 111 to 61
7BS 6K6GT/G lok to 8 127 to 91
7Bé6 65SQ7 lok to 8 135 to 134
7B8 6A8 lok to 8 156 to 166
7CS 6V6GT/G lIok to 8 123 to 90
7E6 6R7 lok to 8 135 to 101
7F7 6SL7GT lok to 8 141 to 142
7v7 TW7 124 to 129
7W7 7V7 129 to 124
12A8GT 6A8G 12.6 to 6.3
8 6B8 12.6 to 6.3
12F5GT 6F5S 12.6 to 6.3
6SFS 54 to 61 12.6 to 6.3
12H6 6116 12.6 to 6.3
12)J5GT 6}SG/GT 12.6 to 6.3
12J7GT 6J7G 12.6 to 6.3
12K7GT 6K7G 12.6 to 6.3
12K8 6K38 12.6 to 6.3
8 687 12.6 to 6.3
12SA7/G/GT 6SA7/G/GT 12.6 to 6.3
6SC 12.6 t0 6.3
12SFS5GT 6SFS 12.6 to 6.3
12SF7 6SF7 12.6 to 6.3
125G7 6SG7 12.6 to 6.3
12SH7 6SH7 12.6 to 6.3
12SJ7GT 6SJ7 12.6 to 6.3
12SK7 6SK7 12.6 to 6.3
12SL7GT 6SL7GT 12.6 to 6.3
128Q7/G/GT 6SQ7/G/GT 12.6 to 6.3
12SR7 6SR7’ 12.6 to 6.3
14 types See Note 12.6 to 6.3
18 6F6G 6to8 27 to 91 12.6 to 6.3
19 1J6G 6to 8 23to 117
2585 25N6G 6to8 30t0 93
25C6G 6Y6G 25 to 6.3
25Lé6 501.6 25to 50
2525 2526G/GT 6to 8 28 to 86
30 1H4G 4to8 4 to 84
35AS 3SL6GT/G lok to 8 123 to 90
35Y4 3525G lok to 8 105 to 57
3523 35Z4GT lok to 8 104 to 56
35ZSGT/G 40Z25/GT 35 to 45
40Z5GT 35Z5GT/G 45 to 35
41 6K6GT/G 6to8 27 to 91
42 6F6G 6to 8 27 to 91
43 25A6GT/G 6to8 27 to 91
45ZSGT 35ZSGT/ G 45 to 35
50C6G 25C6G 50 to 25
SOL6GT 25L6GT 50 to 25
S0Y6GT/G  2526GT/G S0 to 25
53 6N7GT/G 7t08 37 to 131 2.5t0 6.3
55/S 6V7G Sto8 31to 101  2.5to 6.3
56 6P5GT/G Sto8 13 to 62 2.5t0 6.3
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Rrquirep CHANGES

ORIGINAL ~ REPLACEMENT  Socket Socket Filt or Htr
Tube ‘T'ube Type Wiring Voltage
57 6J7 6to8 35t0 96 2.5t0 6.3
58 6U7G 6to 8 35 to 96 2.5to0 6.3
75 6507 6to8 31to 134
76 6P5GT/G 5t08 13 10 62
78 6K7 6to8 35 to 96
79 6Y7G 6to8 34 to 131
80 5Y3GT/G 4to 8 7 to 51
83-V $V4G 4to8 8to 53
8s 6V7G 6to8 31 to 101
117P7GT 117L/M7-GT 150 to 149
t221 1223 6to8 35 to 96
1603 6]7 6to8 35to 96
1612 6L7
1620 6)7
1633 128N7GT 25to 12.6
1634 128C7
1851 6AC7/1852 . 96 to 126

Note: Types wlhose numbers commence with 14 are equiva.
lent to those commencing with 7 when remaining letters and
figures are the same, and when bheater voltage is changed from
12.6 to 6.3 or from 14 to 7.

GRID BIAS

Grid biasing potentials for radio-frequency and inter-
mediate-frequency amplifying tubes most often are se-
cured from the volume control circuit, which may be
either automatic or manual. Biasing potentials for
power amplifiers may be secured from the potential drop
across a resistor in series with the cathode, called the
cathode-bias or self-bias method, or may be taken from
a negative point on the voltage divider system which
is part of the d-¢ power supply for plate and screen
potentials.

Cathode-Bias.—The biasing potential developed across a
resistor in series with the cathode is equal to /R, where
I is the combined plate and screen current (or total
cathode current) in amperes, and R is the resistance in
ohms of the biasing resistor.

An increase of plate current is accompanied by an in-
crease of bias potential. This makes the control grid
more negative, which opposes the increase of plate cur-
rent. A decrease of plate current reduces the bias
potential, thus making the control grid less negative,
and the decrease of plate current is opposed. Because
of these relations between plate current and control grid
bias, the cathode-bias method tends to lessen the changes
of plate cwirent and to decrease the amplification.

Whenever potentials developed in the plate circuit
react on the grid circuit to lessen the amplification. as is
the case with cathode-bias, the action is called degenera-
tion. A mnioderate amount of degeneration in audio-
frequency amplifying circuits improves the fidelity, or
prevents over-amplification of some frequencies, but



TUBE
TYPE

S0L6

Kind

Pentode
Converter
Pentode
Pentode

Pentode
Pentode

Pentode
Triode
Pentode
Beam power
Converter
Triode (2)
Pentode
Pentode
Pentode
Pentode
Pentode
Triode (2)
Triode (2)
Triode
Triode
Beam power

Converter
Pentode
Pentode
Triode

Beam power
Beam power

Beam power:

RECEIVING TUBES
CATHODE BIAS RESISTORS

GRID

BIAS

volts
o}
0
0
0

= 4.5
-7

Plate
Volts

90
90
90
90

90
90

300
250
250
250
250
250
250
250
250
250
250
250
250
250
250
250

250
250
250
250

200
200
200

Screen CATHODE

Volts

90
45
90
45
90

674

150

250
250
100

100
150
150
100
100

250

100
150
100

110
110
110

Mitli-
amperes
6.5
2,75
2
2,45

11.6
8.8

12,5
9
37.5
80
12,5
4 ¥
15.7
12.6
14.9
3.8
11.8
4,6%
g #
0.9
9.5
49,5

12.5
12.6
11.8

0.9

52
43
52

129

BIAS
RESISTOR
Ohms

© O © o

400
800

160

800
260
440
200
2200
950
250

160
200
260
2200
150
185
150

# Total cathode current for both sections of twin tube,
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does so at the expense of some loss in amplification
or gain.

The degenerative effect is lessened by bypassing the
bias resistor with a capacitor. The greater the capaci-
tance of the bypassing capacitor the smaller are the
variations in resistor current and the smaller .are the
variations in bias potential. When degeneration is de-
sired in audio-frequency amplifiers the bypass capacitor
may be omitted. Sometimes only a portion of the bias-
ing resistor is bypassed and the remainder is allowed to
cause degeneration to some extent. Bypass capacitors
always are used when r-f or i-f tubes are provided with
cathode-bias.

The required resistance for a biasing resistor is found
as follows:

Ohms — 1000 X vﬂo!gz’diias_
cathode current, milliamps.

The cathode current for triodes is equal to the plate
current. For pentodes and other tubes having screen

grids the cathode current is equal to the sum of the
plate and screen currents.

ﬁ
- A\

AAAAA
WV

Fig. 6-1. Single biasing resistor for two tubes.

As an example, the Tube Table shows for a 6V6 tube
a plate current of 45 milliamperes and a screen current
of 4.5 milliamperes, making a total cathode current of
495 milliamperes. The grid bias is shown as —12.5 volts.
Using these values in the formula gives,

Ohms = 1000 X 125 _ 950
49.5

Since no standard fixed resistor has a value of 252.5
ohms we use a 250-ohm resistor. Resistances within 5 or
10 per cent of the computed values are satisfactory,
depending on the closeness of bias potential desired.

The accompanying table, Cathode Bias Resistors, lists
popular types of tubes together with commonly used
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grid bias voltages, plate voltages and screen voltages,
and gives the biasing resistances which correspond to the
other values.

If two or more tubes of the same type require the
same bias potential, a single biasing resistor may be used
as in Fig. 6-1. The cathode current for the bias resistor
is the sum of the cathode currents for all the biased
tubes, or is the sum of all the plate currents and screen
currents.

Tubes having filament-cathodes are provided with
cathode-bias as shown by Fig. 6-2 when alternating cur-
rent is used for filament heating. To a center tap 7' on
the filament winding of the power transformer is con-
nected the biasing resistor R and its bypass capacitor.
The direction of electron flow in the plate circuit is
shown by arrows. The potential drop in resistor R is in
such direction as to make the upper end negative with
reference to the lower end. The control grid, connected
to the upper end of the bias resistor through the grid
circuit, is provided with negative bias with reference to
the filament-cathode which is connected to the lower
end of the resistor through the transformer winding.

—_— u—
Plate
Circuit
Lood
N
™  *| < | Plate l
| =] Power [F
- Supply

Transformer
Fig. 6-2. Filament-cathode biasing with a-c heating.

If the filament supply transformer has no center tap
on the winding, the bias resistor and its bypass capacitor
may be connected, as shown by the small diagram of
Fig. 6-2, to the center of another resistor connected
between the ends of the transformer winding, or any-
where betwecen the two sides of the filament circuit.
The center-tapped resistor usually has a resistance which
allows flow through it of about %4 ampere of current
when there is no cathode current. That is, the resistance
in ohms is about four times the number of volts of fila-
ment potential.
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Bias from Power Supply.—T'ig. 6-3 shows a direct-current
power supply furnishing a termninal potential difference
of 260 volts, to which arc connected in series the re-
sistors A-B-C'-D. Resistances and currents in this system
are of such values that there is a 100-volt drop through
section A, a 150-volt drop through section B, and 5-volt
drops through each of scctions ¢ and D. With reference
to the negative side of the power supply the potentials
at points between resistors are as shown.

The cathodes of the two tubes are connected to the
10-volt point in the power supply resistor system. The
grid circuit of the left-hand tube is connected to the zero
point, which makes the cathode 10 voits more positive
than the grid, makes the grid 10 volts more negative

250
v
%
—_ 0 —
-10
v

150
v
0
T
D . Cc B A
4 VYWV AN
0 5 10 160 260'
v v v v
‘L—_Ec Power Supply L,_—

Fig. 6-3. Biasing from a d-c power supply.

than the cathode, and gives this tube a 10-volt negative
bias for its grid. Incidentally, the plate is connected to
160 volts on the power system, making the plate po-
tential 150 volts positive with reference to the cathode.
The grid circuit of the right-hand tube is connected to
the 5-volt point on the power supply resistor svstem,
making the cathode 5 volts more positive than the grid,
the grid 5 volts more negative tYmn the cathode, and
providing a 5-volt negative bias for the grid. The plate
of this tube is connected to 260 volts on the power sup-
ply. so the plate is 250 volts more positive than the
cathode,

By appropriate choices of resistance values it i3 possi-
ble with this method to provide any desired negntive
biases for the grids of any number of tubes. With a
correctly designed system there is but small chiange in
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current through the resistors which provide the biases,
and the bias voltages remain almost constant during
usual variations of plate currents in the tubes.

Grid Leak-Capacitor Bias.—A capacitor C and a grid leak
or grid resistor B connected as in Fig. 64 between the
control grid and eathode of a tube will provide a nega-
tive grid bias when alternating current or potential is
introduced into the grid circuit. Grid-leak bias is used

R
C

10000

Fig. 6-4. Biasing with grid leak and capacitor.

for some types of detectors, for some types of radio-
frequency power amplifiers, and for many types of oscil-
lators, but seldom is found in present-day receivers.

The capacitor is charged by the positive pulses of
grid circuit alternating potential, but cannot discharge
through the tube because electron flow does not take
place from a cold grid to a hot cathode. Consequently,

—_—
Plate Circuit

L
————— Screen 0
Circuit A
Grid ! D
Circulr { l
|
= +]—<;{- +——-.l— +
- s — S

Fig. 6-5. The circuits in which returns are to the cathode.

the capacitor discharges only through the leuk resist-
ance. The rute of discharge depends on the applied a-c
potential, and resulting capacitor charge potential, and
on the resistance of the leak resistor. II)‘he capacitor
potential remains negative on the grid side, and there
1s a potential drop across the resistor which maintains
the grid negative so long as the a-¢ potential is applied
to the circuit. To maintain a negative bias, the time
constant (microfarads times megohms) of the capacitor-
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resistor combination must be several times as long as
the period (1 divided by frequency in c.ps.) of the
applied alternating potential.

Cathode Returns.—Circuits for the. various elements in a
tube are shown by Fig. 6-5. Electron flow in the plate
circuit would be considered as starting from the cathode
and as going through the tube space, the load, the power
supply, and back to the cathode. In the screen circuit
the flow would be from cathode to screen, then through
part of or all of the power supply and back to the
cathode. In the grid circuit any flow would be from
cathode to grid, then through the input resistance, the
grid bias supply, and back to the cathode. All element
circuits start from the cathode and all must return to
the cathode.

Fig. 6-6. Returns for filament-cathodes with d-c heating.

Because even small variations of grid potential are
amplified in the plate circuit it is important that the
grid circuit be correctly returned to the cathode in order
to avoid hum and other troubles. Fig. 6-6 illustrates
some points to be observed with tubes having filament-
cathodes which are heated with direct current from
either a battery or some other power source. As at I
the grid return always should be made to the negative
end of the filament-cathode, although plate and screen
circuit returns may be made to the positive end. The
average potential of the filament-cathode is equal to the
potential at its center. With the grid return to the
negative end. there is a negative grid bias equal to half
of the potential drop through the filament-cathode, or
to the drop from the center to the negative end.

When a suppressor grid is connected to one end of
the filament, as at 2 in Fig. 6-6, or when beam forming
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plates are so connected, as at 3, the end of the filament
to which these elements are connected should be at-
tached to the negative side of the power supply, and
the grid circuit return should be made to this end.
Filament-cathodes often are arranged in two sections,
as at 4, with the scctions connected in parallel to the
base pins. The grid circuit return should be made to
whichever pin is negative. If a suppressor grid or beam
plates are connected to one of the pins, that pin should
be the negative one. Two scctions of the filament
cathode may be center-tapped as at 5, thus permitting
the sections to be operated either in series or in parallel
on the power supply. With the power supply connected
only to A and B with C left open, the sections would be
in series. With A and B connected together and to one
side of the power supply, and with (' connected to the
other side of the power supply, the scctions would

Sk

Fig. 6-7. Returns for filament-cathodes with a-c¢ heating.

operate in parallel. The applied filament potential for
parallel operation should be half that for series operu-
tion, and the parallel current would be double that with
the series connection. For example, in parallel opera-
tion the filament-cathode might take 0.1 ampere at 1.4
volts, and in series take 0.05 ampere at 2.8 volts. The
power, equal to I X E, is the same in both cases. In
diagram 6 the center tap of the filanient-cathode is con-
nected internally to a suppressor grid. The grid circuit
return would be made to this center tap pin.

Tig. 6-7 shows filament-cathodes heated by alternating
current from the winding of a transformer. While the
potentials at the ends of the winding alternate, the
potential at the center of the winding remains constant
at the average value of the end potentials, which always
is zero. The grid circuit return is made to this constant
zero potential point as at 7, or may be made, as at 2,
to a center-tapped resistor of 25 to 50 ohms resistance
connected across the transformer winding or across the
filament-cathode pins of the tube. The potential at the
center of such a tapped resistor remains constant and of
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zero value, With two filament-cathode sections in
parallel, as at 3, the grid circuit return is made to a
center-tapped resistor as shown, or else to a center-
tapped transformer winding.

With tubes having heater-cathodes the grid circuit
return always is made to the base pin which connects
directly to the cathode in the tube. A few of the many
cathode and heater connections found in cathode-hcater
tubes are shown by Fig. 6-8. The simplest and most

: ]

Fig. 6-8. Connections used in heater-cathode tubes.

common arrangement is at 1. At 2 the cathode is con-
nected to two pins, and the suppressor grid to one of
them. Another connection of the cathode to two pins
is shown at 3. and still another at 4. At § the heater is
in two sections, with the cathode connected to a mid-
point between the scctions as well as to its base pin.
At 6 and 7 two sections of the heater are operated in
parallel. At 8 the two sections of the heater may be
operated in series, with the power supply connected to
the outer ends, or in parallel with both outer ends con-
nected to one side of the power supply and the center
tap between sections connected to the other end of the
power supply.
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Although the cathode is well insulated, electrically,
from the heater, it is possible for electron emission from
the heater to flow to the cathode if there is too much
potential difference between the two parts. To main-
tain the cathode and the average value of heater po-
tential at the same value the cathode may be connected
to a center tap on the heater winding, as at 9 in Fig. 6-8,
or to a center-tapped resistor across the hecater trans-
former or the heater pins of the tube, as at 10. In some
circuits having high amplification the heater center tap
and the cathode are connected to such points on the
direct-current power supply system as will make the
heater about 10 volts positive with respect to the
cathode.

LOAD LINES

A load line is a straight line drawn on a family of
plate characteristics for a tube. The line passes through
all the combinations of grid potential, plate potential,
and plate current that can occur together while the tube

0 __—2 Grid Potential-Volts
I ]
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Fig. 6-9. Plate characteristics for a 6J5 tube.

is working with a plate circuit load of a certain number
of ohms. Fig. 6-9 shows a family of plate characteristics
for a 6J5 tube. Fig. 6-10 shows a 10,000-ohm load line
for a plate supply potential of 200 volts. Load lines
. permit the solution of many practical problems which,
without such a graphic method, would call for involved
calculations. Load lines are especially useful when mak-

VLALES UL 1uau putcnuial, Uis 90U VOIS oI plate potential
means also 50 volts of load potential.
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ing changes in receiver circuits and when making sub-
stitutions of tubes. They may be applied to the plate

144

GAGE
No.

CURRENT CAPACITY

COYNE RADIO HANDBOOK

MAGNET WIRE
PLAIN ENAMEL COVERED—P.E.

Amperes
Open Layer
Coil Winding
16.5 11.0
13.1 8.72
10.4 6,62
8.23 5.49
6.53 4.35
5.18 3.45
4.11 2,74
3,26 2,17
2.56 1.72
2.06 1.36
1.62 1.08
1.29 .858
1.022 .682
.810 « 540
642 428
. 510 L339
.404 « 269
.320 214
254 169
. 203 154
.160 .1065
.127 .C778
.1005 L0670
.07¢7 . 0531
L0832 L0421
L0501 L0334
. 0398 .0265
0315 .0210
. 0250 .0167
. 0198 0152
.0157 L0105
.0125 .0083
. 0099 . G036
. 0078 .0052
. 063 . 0041
. 0048 .0032
.0040 . 0028

Diam,
in.

0.1306
.1165
.1040
.0927

.0828
L0740
. 0658
.058¢

0526
. 0469
. 0415
0373

.0333
.0297
. 0265
.0237

.0212
.0190
.0170
.0152

.0135
.0122
.0108
. 0096

. 0087
L0077
.0068
L0062

. 0055
. 0049
. 0044
.0039

.0054
.0030
. 0027
.0024
.0022

Turns

Linear
Inch
7.65
8.58
9.61

10.8

[
[/ ]
® ©

pN0 O

B 01 R o
.
©w NN

[o B RS -3
O 0 o~
N o

omm=

Cﬂf\!b‘nh
LR ON

Turns

Square

Inch

58.5

73.6

€2.4
114

141
177
221
277

348
437
£48
681

852
1065
1340
1665

2100
2630
3320
4145

5250
6510
8175
10200

12650
16200
19950
25000

31700
39600
49100
62600

77600
104000
136000
173000
206000

Ohms
Cubic
Inch

0.00315
00475
.0G748
.01183

.0188
.0295
. 0484
. 0754

.116
.184
. 291
. 456

. 720
1.134
1.800
2,820

4.49
7.08
11.27
17.75

28,34

44,32

70.15
110.4

172.6
279.0
4335.2
684, 5

1094
1723
2693
4332

6770
11580
177380
26800
42400
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MAGNET WIRE

Single cotton enameled (S.C.E.), single cotion covered )
(8.C.C.), and double cotton covered (D.CC)

S.C.E. s.c.C. D.C.C.
GAGE  Turns Turns Turns Turns Turns Turns
No. Linear  Square Linear  Square Square  Square
Inch Inch Inch Inch Inch Inch
8 7.3 52 7.4 53 7.0 48
9 8.2 64 8.3 66 7.9 69
i0o 9.1 80 9.3 84 8.9 76
11 10.2 100 10,4 104 9.9 93
12 1i.4 124 11.7 129 11.0 114
13 12,7 151 12,9 160 12,1 140
14 14,1 187 15,6 198 13,6 171
15 15.6 230 16,1 245 15.1 208
16 17.4 286 17.9 312 16,7 260
17 19.3 368 19,9 383 18.2 316
18 21.4 438 22.1 472 20.2 378
19 23.6 532 24,4 581 ©2.2 455
20 26.1 644 27,0 712 24.3 545
21 28.9 780 29.8 863 26,7 650
22 31.7 1008 335.0 1128 25.2 865
23 34.9 1220 38.2 1370 1.6 1030
24 38.1 1475 29.8 1865 4.4 1215
25 41.8 17¢0 43,6 2020 7.2 1420
26 45,7 2155 47.8 2445 40.1 1690
27 49.7 2590 52.0 2325 43.1 1245
28 54,0 3100 56.8 3500 46,2 2250
29 55,8 3660 61.3 4120 49,2 2560
30 63.0 4320 66,5 4200 52.5 2930
31 68.1 5120 71.9 5770 55.8 3330
32 73.2 5960 77.2 67C0 53.9 3720
33 78.5 7020 82.8 7780 62.1 4140
34 84.0 8060 88.4 9010 65,3 4595
35 89,6 9200 94,5 1C300 68.4 5070
36 95.2 10550 100.0 11750 71.4 5550
37 100.6 12000 105.8 13250 74.3 6045
38 106.4 13400 111.6 14200 77.1 8510
39 111.6 15150 117.2 16600 79.8 6935
40 116.6 16750 122.8 18400 82.3 7450

inch will be somewhat reduced. With random winding
rather than exact layer winding the number of turns
per square inch will be increased by an indefinite
amount.

The tables for other insulations list turns per linear
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MAGNET WIRE
Single silk enameled (S.S.E.), single silk covered (S.5.C.).
and double silk covered (D.S.C.)

S.S.E. S.S.C. D.S.C.

GAGE Turns  Turns Turns  Turns Turns  Turns
No. Linear Square Linear Square Linear Square

Inch Inch Inch Inch Inch Inch

16 18.4 326 18.9 351 18.2 327
17 20.5 408 21.2 437 20,3 405
18 22.8 505 23,6 548 22.6 503
1@ 25.4 622 26,3 682 25.1 619
20 28.4 769 2V.4 848 27.8 761
21 31.6 " 946 32.7 1055 30.8 835
22 35.0 1175 36,6 1318 34.2 1150
23 39.0 1440 40.6 1620 37.7 1400
24 43,1 1775 45,2 2010 41,6 1700
25 47.8 2180 50,2 2470 45.8 2070
26 52.9 2680 55.8 5005 50. 5 2510
27 8.4 3275 61.7 3680 55.5 3010
28 64.5 4030 68.4 4600 v0.9 3620
29 71.4 4865 75.1 5530 67,1 4270
30 77.8 5890 83.1 6800 74.0 5100
31 85.6 7170 €1.5 8260 79.2 8000
32 95.8 8560 100.5 9870 86.5 6990
33 102.7 10400 110.1 11850 93.6 8160
34 112.3 12200 120.4 14250 101.0 9480
35 122.5 14500 131.4 16800 108.5 10870
26 133.3 17300 142.8 19850 116.2 12400
37 144.1 20400 165.0 23300 124.2 14100
38 156.4 23600 165,7 27300 132.0 16C00
39 166.7 27850 180.0 31700 140.0 17800
40 180.0 32000 1¢5,0 38700 148.2 19900

inch and twns per squarc inch for the various gage
sizes. The Copper Wire Table gives dimensions and
resistances of the bare copper wire over which the in-
sulntions are placed to make magnet wire.

The various numbers of turns listed in the Magnet
Wire tables are averages for different makes. Thick-
nesses of insulation are not always exactly uniform
with different makers nor with different lots of wire
from the same maker. Consequently, there will be
some variations from the listed figures, but the varia-
tions seldom are great enough to seriously affect com-
putations for coil windings.
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SINGLE-LAYER COILS
The following formula gives the self-inductance of a
single-layer coil of cylindrical shape wound with round
‘wire. Symbol letters for dimensions are shown by
Fig. 7-1.
L= an'K
10b

Radius from axis of winding to the center of the
wire, in inches.

Length of winding, regardless of the length of the
form which supports it, in inches.

Number of turns of wire.

Self-inductance, in microhenrys.

A shape factor which varies with the ratio of
diameter (2a) to winding length (b) as shown by
the accompanying table of Shape Factors for
Single-layer Coils.

The shape factor is used because the greater the diam-
eter in proportion to the winding length the less be-

[~

Rbs

i

Winding
Form

. //
Wire "_ b _’i

Fig. 7-1. Dimensions used in inductance formulas for single-layer coils.

',

comes the self-inductance. The factor for a given coil
is found by first dividing the diameter (twice the
radius a) by the winding length, both in inches, then
referring to the table for the factor corresponding to
this ratio.

As an example, with a coil 3% inch in diameter and
2 inches long, divide % by 2, which gives % or 0.375.
The ratio 0.375 is not listed in the table, but for .36
the factor is .863 and for .38 it is .856. so the desired
factor would lic between 863 and .856. Since the actual
ratio (0.375) is three-fourths of the way from 0.36 to
0.38, the factor will be three-fourths of the way from
863 to 856, or will be about .858. Ordinarily it is
sufficiently accurate to estimate the shape factor by
inspection of the nearest values in the table.

The winding length, b, is the total lengthwire dis-
tance covered by the turns, regardless of whether they
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SHAPE FACTORS FOR SINGLE-LAYER COILS

Diameter K Diameter Diameter

Length Length S Length K
0'.10 0.969 0.50 0.818 2,0 0,526
.12 .951 .55 .E03 2.1 .514
.14 .943 .60 .784 2.2 . 502
.16 .935 .65 . 774 2.3 .492
.18 .928 .70 . 761 2.4 .482
0.20 0.920 0.75 0.748 2.5 0.472
.22 2913 .80 . 735 2.6 .463
.24 . 905 .85 .723 2.7 .454
.26 . 898 .90 . 711 2.8 .445
.28 .891 .95 . 700 2,9 .437
0.30 0.884 1.00 0,688 3.0 0.429
.32 .877 1,10 .687 3.2 .414
.34 .870 i.20 .548 3.4 .401
.36 .863 1.30 .629 3.6 . 388
.38 .856 1,40 .611 3.8 . 376
0.40 0.850 1.50 0,595 4.0 0.365
.42 .843 1.60 . 580 4.2 .355
.44 .837 1.70 . 565 4.4 . 346
.46 .831 1.80 . 651 4.6 .336
.48 .824 1.90 . 538 4,8 . 328
5.0 .320

are close together or are spaced apart. This and other
formulas assume that coil current fills the winding space,
and so it is the entire space occupied by the winding
that is to be considered.

Although the radius, a, is supposed to be measured
from the winding axis to the center of the wire, the
diameter of the wires usually used is so small that only
slight error is introduced by figuring with the outside
diameter of the coil form and neglecting the additional
distance to the center of the wire. The additional dis-
tance is equal to 1 divided by twice the number of
turns per linear inch as shown by the Magnet Wire
tables. For example, number 20 plain enamel wire
winds 30.1 turns per inch, so the additional radius would
be 1% % 30.1 = 1/602 or about 1/60 inch.

Ezample: What is the inductance of a coil having
80 turns in a length of 25 inches on a form with an
outside diameter of 1% (1.625) inches? See 1, Fig. 7-2.

The diameter divided by the length is 1.625/2.5 = 65.
For this ratio the table gives a shape factor of 774.
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The radius of the coil form is one-half its diameter,
or is 813 inch. The size of wire is not specified, so the
form radius is taken as the winding radius, a.

Placing the known values in the formula gives,

L= 813 X SOz_X 774 — 661 x 6100 X .774
10 X 25 25

= 13096 or about 130 microhenrys.

_ 3274
T

180
microhenrys

Fig. 7-2. Coils tor which data are computed in the examples.

Turns for a Required Inductance.—Frequently it is re-
quired to design a coil of specified dimensions which
will have a required self-inductance, which means de-
termining the number of turns for the windings, also
the size or gage of wire, when the diameter and length
are specified. The following formula gives the number
of turns. The dimensions and the letters used to denote
them are shown by Fig. 7-1.

10b1,
n = afK

The letters in this formula have the same meaning
as in the preceding one for inductance.

Ezxample: How many turns are required for 130 micro-
henrys inductance using a winding form 125 inches in
outstde diameter and making the winding 1% or 167
inches long? See 2, Fig. 7-2.

The ratio of winding diameter to length is 1.25/167
=.75, and the shape factor for this ratio (from the
table) is .748. With a diameter of 125 inches the radius.
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a, is 625 inch. Placing the known values in the formula
gives,

n__\/10)(167)(130_ 2171__\/74222
625% X 748 2925

= 86.15 or about 86 turns.

The next step is to select a wire size that will wind
86 turns in a total length of 167 inch. Dividing 86 by
167 or by 1% shows that the winding must be about
516 turns per inch, if the turns are laid close together.
From the tables of Magnet Wire it now is possible to
select any kind and gage of wire that will wind 51.6
or more turns per inch. This requirement would be
met by number 25 plain enamel (529 turns per inch),
by number 30 double cotton covered (525 turns per
inch) and by other wires.

To save making the computations called for by the
turns formula, and especially the extracting of square
roots, there have been prepared the tables of Turns for
Wmdmgs on Single-layer Coils.

To use these tab]es it is necessary first to figure out
two ratios. One is the ratio of inductance (in micro-
henrys) to winding diameter (in inches), and the other
is the ratio of winding diameter to wmdmg length, both
in inches. The left-hand column of the tables lists
inductance/diameter ratios. Each of the other columns
applies to one diameter/length ratio. At the intersec-
tions of columns and lines are shown the approximate
numbers of turns required.

Ezample: Consider the coil for which the required
number of turns were found, with the formula, to be 86.
Diagram 2, Fig. 7-2. The inductance is 130 micro-
henrys, the diameter is 125 inches, and the length is
167 inches. The ratio of inductance to diameter is
130/125 = 104. The ratio of diameter to length is
125/1.67 = 75.

There is no column in the tables for a diameter/
length ratio of .75. but there are columns for 08 and
0.7 ratios. The required value will be midway between
the numbers for the ratios of 0.8 and 0.7. There is no
line for an inductance/diameter ratio of 104 in the
table, but there are lines for ratios of 110 and 100, so
the required number of turns will be 4/10 of the way
from the number for 100 to the one for 110. The small
section of the table to which reference is made ap-
pears this way:

Inductance Diameter/Length
Diameter 038 07
110 86 90

100 82 86
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Inductance Diameter /Length
Diameter 50 30 20 1.5 1.2 1.0
500 113 124 137 149 159 170
450 107 118 130 141 151 161
400 101 112 123 133 142 152
350 94 104 114 124 133 142
300 88 96 106 115 123 132
280 84 93 103 112 119 127
260 81 89 98 107 115 122
240 78 86 9§ 103 110 117
220 75 82 91 98 106 113
200 7 78 87 94 101 107
150 69 76 84 91 98 104
180 87 74 82 89 95 101
170 66 72 80 86 93 98
160 64 70 78 84 80 96
150 62 68 75 8l 87 93
140 60 65 72 78 84 )
130 58 63 70 76 81 86
120 55 61 67 73 78 83
110 53 58 64 70 75 79
100 51 56 61 66 7 76
95 49 54 60 65 69 74
S0 48.0 52,5 58.0 63.0 67.5 72.0
85 46.5 51.0 56.5 61.0 65.5 70.0
80 45.0 49.5 §5.0 59.0 64.0 67.5
75 43.5 48.0 §3.0 57.5 61.5 65.5
70 42,0 46.5 51.0 55.5 59.5 63.5
65 41.0 44.5 49.5 53.5 57.5 61.0
60 39.0 43.0 47.5 51.5 55.0 58.5
55 37.5 41,0 45.5 49.0 5K3.0 56.0
50 36.0 39.0 43,0 47.0 50.5 83.5
45 34.0 37.0 41.0 44.5 48.0 50.5
40 32,0 35.0 38.5 42.0 45.0 48.0
35 30.0 32,5 36.0 39.0 42.0 44.5
30 28.0 30.0 33,5 36.5 39.0 41.5
28 26.7 29.2 32,2 35.0 37.7 40.0
26 25,8 28,2 31,0 3%.8 36.3 38.5
24 24.7 27.0 29.9 32.3 34.9 37.0
22 23.7 26.0 28.7 31.0 33.3 35.4
20 22.6 24,8 27.3 2¢.6 31.8 33.9
18 21.5 23.4 26.0 28,0 30.0 32.0
16 20.2 22.1 24,4 26.4 28.4 30,1
14 19.0 20.7 22,9 24.8 26,6 28,2
12 17.5 19.2 21.1 22.9 24.6 26,2
10 16.0 17.5 19.3 21.0 22,4 24.0
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inductance

Diameter

500
450
400

350
300
280

260
240
220

200
120
180

170
160
150

140
130
120

110
100
95

90
85
80

78
70
65

60
55
50

46
40
35

S0
28
26

24
22
20

18
16
14

12
10

0.8

183
174
164

153
142
137

132
127
122

116
113
110

107
103
100

97
93
90

86
82
80

78
76
75

71
68
66

63
[
58

55
52
48

45.0
43.2
41.8

40.0
38.4
36,7

34.8
32.8
30.6

28.3
25,9

0.7

193
183
173

161
149
144

139
133
128

122
118
116

113
109
106

102
98
94

90
86
84

82
80
77

75
72
69

66
64
61

58
54
51

47.2
45.5
44.0

42.0
40,3
38,5

36,6
34,8
32.2

29.9
27.2

Diameter / Length
06 05
204 221
194 210
183 198
171 185
159 171
153 165
148 159
142 153
136 146
129 140
126 136
123 133
120 12¢
116 125
112 121
108 117
194 113
100 108

96 103
92 99
89 96
87 94
84 s1
82 88
79 85
77 83
74 80
71 77
68 73
65 70
61 66
58 62
54 58
50.0  54.0
48,3  s2.1
46,7  50.3
44,8 48,2
42.9  46.3
41.0  44.0
38,8  41.9
36.7  35.4
34,2 37.0
31.6 34,2
28.5  51.1
152

0.4

241
229
216

201
187
180

174
167
160

155
149
145

141
137
132

128
123
118
1i3
108
105

102
99
96

93
90
87

83
80
76

72
68
64

59.0
57.0
55,0

52.7
50.5
48.0

45.8
43.0
40,2

37.3
34.0

0.35

256
243
229

214
198
192

185
177
170

162
158
154

150
145
141

136
131
125

120
115
112

109
106
102

99
96
92

89
85
81

77
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Inductance

Diameter

500
450
400

350
300
280

260
240
220
200
150
180

170
160
150

140
130
120

110
100
95

90
85
80

75
70
65

60
55
50

45
40
35

30
28
26

24
22
20

18
16
14

12
10

0.3

273
259
245

228
212
204

197
150
181

173
169
164

160
155
150

145
139
134

128
123
119

116
113
109

106
102
95

95
91
87

82
77
72

67
65
62

60
57
55

52.0
49.0
45.8

42.3
38,7

0.25

298
281
265

248
230
222

214
205
196

188
183
178

173
168
163

157
151
145

139
133
129

125
122
118

115
111
107

102
98
94

89
84
78

73
70
68

65
62
59

56.3
53.0
49.7

46.0
42.0

Diameter / Length

0.2

328
310
293

273
254
246

237
227
218

208
202
197

192
186
180

174
167
161

154
147
143

139
135
132,

127
123
128

114
109
104

98
93
87

81
78
75

72
69
66

62.4
59.0
55.0

51.0
46.6

153

0.15

375
356
336

313
290
280

270
260
249

238
231
226

219
212
206

198
192
184

176
168
164

159
155
150

145
140
135

130
125
119

113
107
99

92
89
86

82
79
75

7.3

67.0
63.0

58.0
53.1

0.12

418
395
373

349
323
311

300
288
276

263
257
250

243
236
228

220
212
204

195
187
182

177
172
167

161
156
150

144
138
132

125
118
110

102
98
95

92
88
83

79.0
74.6
69.8

64.5
59.0

0.1

455
430
407

380
352
340

328
313
300

287
280
272

265
257
249

240
231
222

213
203
198

163
187
181

176
170
164

157
151
143

136
128
120

112
108
104

100
95
91

86.1
8l.2
76.0

70.3
64.4
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For the inductance/diameter ratio of 104 the values
would be about half way between 100 and 110, and would
be 84 and 88 turns. Midway between these two num-
bers (for the diameter/length ratio of .75) would be 86,
which is the required number of turns for the winding.

Ezample: How many turns and what gage of double
silk covered wire should be used for an inductance of
180 microhenrys on a form of 225 inches diameter with
%‘ wi;lding length of 1 inch or less? See diagram 3,

ig. 7-2.

The ratio of inductance to diameter is 180/2.25 = 80,
and the ratio of diameter to length is 2.25/1 == 225. In
the table and on the line for the inductance/diameter
ratio of 80 it is shown that 495 turns are needed with &
diameter/length ratio of 3.0 and 55 tumns for a diameter/
length ratio of 20. The present diameter/length ratio
of 225 is one-fourth of the way from 2.0 to 3.0, so the
required number of turns will be about 53.6.

In the Magnet Wire table for double silk covered wire
it is found that number 26 will wind only 505 turns per
inch, which would make the coil slightly longer, while
number 27 winds 55.5 turns per incﬁ, making the coil
slightly shorter than 1 inch if the turns are laid close
together. The shorter winding will have increased induc-
tance, and the longer one will have less inductance than
the required 180 microhenrys.

Fig. 7-3. Dimensions affecting inductance of muiti-layer coils.

MULTI-LAYER COILS

The formulas for computing inductances or number
of turns for multi-layer coils are similar to those used
for single-layer coils with the exception that a different
shape factor is used for the multi-layer types. When a
coil is wound several layers deep, as in Fig. 7-3, the
self-inductance is less than as though the same number
of turns and the same radius and length were used in a
single layer.

The shape factors are listed in the table, Shape Fac-
tors for Multi-layer Coils. To select the shape factor it
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Length Height / Diometer
Height 0.025 0.05 0.1 0.2 0.3 04

0.1 0.0071 0.0121 0.0197 0.0307 0.0386 0.0445
.2 .0140 .0235 .0383 .0592 .0737 ,0845
3 .0206 ,0346 ,0559 .0857 .1061 .1209

.4 .0270 .0451 ,0727 .1106 ,136 .154
5 .0332 .0553 .0887 .1339 .1l64 .184

.6 .0392 ,0651 .1040 ,1559 ,189  .212
.7 .0450 ,0747 .119  .177 213  .238
.8 .0508 .0839 ,133  ,196  .236  .262
.9 .0565 .,0928 ,146  .215  .257  .283
1.0 .0618 ,1015 159  .233  .276  .304
1.11  .0677 .l1109 .173  .251  .297  .325
1.25  .0749 .1222 .190  ,273  .321  .349
1.43 .0838 .136  .210  .299  .348  .376
1.67  .0953 .15¢  .236  ,331  .381  .408
2.0 .1107  .177 3268 .370  .421 44T
2.5 .1322 .210 312,420 470  ,491
3.3 .1650 .257 .374  .486  .530  ,545
5.0 .2219 .336  .467  .575  .607 .61l
10.0 .3498 .495  .628  ,701  .705  ,691
Height / Diameter

0.5 0.6 0.7 c.8 0.9 1.0
0.1  0.0491 0.0525 0.0561 0.05S80 0.0617 0.0645
.2 .0928 .0924 ,1049 .1097 .1l42 1189
.3 .1320 .1406 L1476 .1536 ,1594 .1654
.4 .167  .177  .185  .192  .189  ,206
.5 .199 .210  .219  .226  .233  ,240
.6 .228  .239  .248  .256  ,263 271
.7 .25¢  ,266  .275  .282  .289  .297
.8 .279  .250  .299  .306  .313 321
.9 .301 .31z .320  .327  .334  .342
1.0 .321  .332  .340  .346  .352  .360
1.11  .342  .352  .359  ,365  .371  .379
1.2  .365  ,375 .38l  .386  .392  .399
1.43 <392  .400 405  .410  ,415  .422
1.67  .422  .429  .433  .436  ,440  .447
2.0 468  ,462  .464  .466  .469  .475
2,5 .499  .500 .500  .499  .501  ,505
3.3 .548  .544  .540  ,537  .536 540
8,0 J605  .s95  .586  .579 576 579
10.0 .672  .653  .638  .627 .62l  ,620

155
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Is necessary to use two ratios. One is the ratio of wind-
ing length, dimension b in Fig. 7-3, to winding height,
shown as dimension ¢ in Fig. 7-3. The other is the ratio
of winding height, ¢, to winding diameter, which is twice
the radius @ shown in Fig. 7-3. The dimension ¢ is the
mean radius, or is the radius from the coil axis to the
center of the radial height of the winding.

Assume that it is desired to find the shape factor for
a coll (diagram 7, Fig. 74) having a mean radius a of
125 inches, a winding length b of 125 inches, and a
winding height ¢ of 1 inch.

The length to height ratio, b/c is 125/1 = 125. The
height to diameter ratio, c/2:1, is 1/25=04. In the
table column for 04 height/diameter ratio, and on the
line for 1.25 length/height ratio the shape factor is
shown to be .349 for this coil.

Whether the winding is solid or is space wound in any
manner makes no_ difference in the shape factor and
the formulas. It is assumed that the winding or the
total number of turns is uniformly distributed in the
total space filled by the winding.

The formula for inductance is,

a'n’F
L 10b

Mean radius from axis to center of the winding
height, in inches.

Length of winding, in inches.

Total nwnber of turns of wire, assumed to be
equally divided between the layers.
Self-inductance, in microhenrys.

Shape factor taken from the table, Shape Factors
for Multi-layer Coils.

Ezample: What is the inductance of a coil having
a mean radius (a) of 1.2 inches, wound 0.75 inch long
(b) with a winding height of 04 inch (c) and having
180 turns? See diagram 2, Fig. 7-4.

Two ratios are determined in order to find the shape
factor. The ratio of length to height or b/c is .75/04
= 1875, and the ratio of height to diameter or ¢/2a
is 04/24 = 167. The nearest values in the table, and
the actual ratio, are,

o

o~ 3o

Length
Height Height/Diameter
01 0.167 02
167 236 331
1876 322
20 268 370
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It is necessary to interpolate between listed factors
for 0.1 and 02 for the height/diameter ratio of 0.167,
and between listed factors of 1.67 and 2.0 for the length/
height ratio of 1.875. The shape factor is found to be
322 for the coil in question.

Placing the known values in the formula gives,

Lo 12X 180°x 322 _ 15020

10 X 75 75
= 2003 microhenrys, or about 2 millihenrys.

The formula for number of turns in a multi-layer
winding is,

_ [ 10bL
n= \} ak

The letters have the same meanings as in the preced-
ing formula for inductance, and as shown by Fig. 7-2.

.T- Sl L SP
[ g
10 foi

J_

OFf

f ! 5000
, , !“ob_,s"f microhenrys
res T

b
Fig. 7-4. Multi-layer coils for which data are computed.

Example: How many turns and what gage size of
single cotton enameled wire should be used for an in-
ductance of 5 millihenrys (5000 microhenrys) in a wind-
ing 1 inch long (b), 0.5 inch high (¢), and with a mean
radius of 0.5 inch (a)? See diagram 3, Fig. 7-4.

The ratio of length to height, b to ¢, is 1/05 =2, and
the ratio of height to diameter, ¢/2a, is 0.5/1 =05.
For these two ratios the table shows a shape factor (E)
of 458. Placing the known values in the formula gives,

_ TI0XTIX5000__ 30000 _ . /e
. "\/ 05 %58 —\ 15 — V46700
= 6608 turns
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In the winding space 1 inch long and 05 inch high
the cross sectional area is 0.5 inch. In this space there
are to be about 6600 turns, which means 13,2200 turns
per square inch. The Magnet Wire table for single cot-
ton enamel wire shows that number 38 gage will wind
solid with 13,400 turns per square inch, so this is the
size of wire required.

Winding Volume.—In the Aagnet Wire table for plain
enamel covered wire there is a column for resistance
in ohms per cubic inch of winding. The number of
cubic inches of winding volume may be found from the
dimensions shown In Fig. 7-3 as follows:

Cu.in. = b ¢ (od —c) 8.1416

That is, the cubic inch volume is equal to the product
of winding length (b), winding height (c), the differ-
ence between the outside diameter (od) and the wind-
ing height (c), and the number 3.1416.

Ezample: The dimensions for the coil of diagram I
in Fig. 74 are: =125, c=10, and od =35, all in
inches. These values in the formula give,

Cu.in. = 125 X 1.0 X (35 — 1.0) X 3.1416
=125 X 25 X 3.1416 = 9817

Assuming that the winding is of number 30 plain
enamel wire, the resistance per cubic inch is given by
the table as 70.15 ohms. Then the resistance of the
winding is, approximately,

70.15 X 9817 (cu. in.) = 688.6 ohms.

Directions of Electron Flow, Flux, and Conductor Motion.—
Many rules have been devised to make it easier to
remember the relative directions of electron flow, of
magnetic flux or field lines, and of conductor motion
when there is induction. Some of the rules are shown
by Fig. 7-5.

At the top it is shown that with the left hand grasp-
ing a conductor so that the thumb lies along the con-
ductor and so that the fingers encircle it, when the
thumb points in the direction of electron flow in the
conductor the fingers point in the direction that mag-
netic lines pass around the conductor.

A somewhat similar rule, as shown at the center
of Fig. 7-5, applies to electron flow around the turns
of a solenoid or coil and to the direction of the mag-
netic flux through the interior of the coil. With the
left hand grasping the coil and the thumb extended
along the length of the coil, the thumb points in the
direction of magnetic force, or toward the north pole
of the coil. when the fingers encircle the coil in the
direction of electron flow around the turns.
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At the bottom of Fig. 7-5 is illustrated a rule for
induced electron flow in a conductor moved through
a magnetic field. The thumb, forefinger, and middle
finger of the left hand are held so that each is at right
angles to both the others. Then, when the forefinger
points in the direction of magnetic flux lines, magnetic
north to magnetic south, and when the thumb points

Electron

(Forefinger)

Conductor
Motion

(Thumb)

Electron Flow
(Middle Finger)

Fig. 7-5. Rules for directions of electron flow.

/

in the direction of conductor motion through the mag-
netic field, the middle finger points in the direction of
induced electron flow in the conductor, which, of course,
is also the direction of the induced emf.

All of these rules apply to the direction of electron
flow, not to conventional current flow, and all employ
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the left hand. If the right hand is used, the rules will
up&:‘ly with directions of conventional current flow.

he rule which involves direction of conductor move-
ment for induction applies when the conductor moves
while the magnetic field is stationary. If the conductor
remains stationary while the field is moved, the direction
of induced emf and electron flow may be found by
using the right hand with the indications of the fingers
and thumb remaining unchanged.



Section 8
REACTANCES AND ENERGY LOSSES

A sine wave, represented by Fig. 8-1, is the ideal wave
form for alternating potential or current. The wave
forms of actual alternating potentials and currents may
be, and often are, quite different from a sine wave.
However, in order to have a definite basis on which to
work, most alternating-current calculations are made
on the assumption of a sine wave. .
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Fig. 8-1. A sine wave for alternating potential or current.

The relative values of potential or current at the
various numbers of degrees from 0° to 90° in a sine
wave may be read from the values of sines listed in the
table of Trigonometric Functions. As may be seen from
Fig. 8-1, the values from 90° to 180° are the same as
from 0° to 90°, but are decreasing. From 180° to 270°
the values are the same as from 0° to 90°, and from
270° to 360° they are the same s« from 90° to 180°.

As shown by Fig. 8-2, the greatest value of current,
potential or emf reached during a cycle is called the
peak, mazimum or crest value. The working ability or
power producing ability of a sine wave current is called
the effective value or the root-mean-square (r-m-s)
value. and is equal to 0.707 times the peak value. The
average value of current or potential in a half-cycle
of a sine wave is equal to 0636 times the peak value.

161




162 COYNE RADIO HANDBOOK

Unless definitely specified otherwise it always is the
effective or r-m-s value that is referred to when talking
about alternating currents or potentials. The amplitude
of an alternating current or potential is its greatest
value in either direction, or is its greatest departure
from zero in either direction. The amplitude in a sine
wave is equal to the peak value.

Peak or maximum X 0.707 — effective or r-m-s
Peak or maximum X 0.636 = average
Effective or r-m-s X 1414 = peak or maximum

Effective or r-m-s X 0.9 = average

Average X 157 = pcak or maximum
Average X 1.11 = effective or r-m-s
Peak or Maximum _ 1.000

Average

Zero

Peak or Maximum

Frequency and Wavelength.—Frequencies and wavelengths
are measured in the following units,

Frequency: Cyecles
Kilocycles, ke
Megacycles, Mc

Wavelength: Meters, m

Centimeters, cm

1 cycle =0.001 ke = 0.000001 Mc
1 kiloeycle =1,000 cycles =0.001 Mec
1 megacycle = 1,000,000 cycles = 1,000 kilocycles
ke — 300000 ke — 30000000
meters cm
—_300 Me = 30000
meters cm
1 meter = 100 centimeters

1 centimeter = 0.01 meter
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300000 300
= t =l

meters Ko meters Mo
__30000000 __30000
cm = cm e

There is no general agreement as to the names given
to ranges of frequencies or wavelengths used in the
various classes of radio transmission. A class of service
which at one time employs a certain frequency range
or ranges may later use an extended or a limited range.
The table of Transmission Frequencies lists some of
the ranges, their uses, and names.

REACTANCES
Inductive Reactance—Inductive reactance is the oppo-
sition to flow of alternating current in circuits possessing
inductance, the opposition being due to the action of
induction. Inductive reactance is measured in ohms.
The symbol for inductive reactance is X.. This kind
of reactance increases directly with frequency and di-
rectly with inductance in the circuit. The basic formula
for inductive reactance s,
X, =62832fL
X: Inductive reactance, in ohms.
{ Frequency, in cycles.
L Inductance, in henrys.

The inductive reactance formula may be written with
other units than cycles and henrys. For example,

X1, ohms = 62832 X kilocycles X millihenrys.
X1, ohms = 6.2832 X megacycles X microhenrys.
X1, ohms = 0.0062832 X kilocycles X microhenrys.
X1, ohms = 6283.2 X megacycles X millihenrys.

X, ohms = kilocycles X microhenrys
1591565

The approximate relations between frequency, indue-
tance, and inductive reactance may be determined from
Chart No. 81 which is used with a straightedge in the
same manner as preceding charts of the same general
type. The straightedge is laid on two of the scales at
values of frequency, inductance, or reactance which are
known. The straightedge will cross the third scale at the
corresponding value of the third quantity. The induc-
tance range of the chart is from 1 microhenry to 1,000
henrys; the frequency range is from 50 cycles to 50
megacycles; and the Inductive reactance range is from
300 to 300,000 ohms. Values read from this and similar
charts will not be so accurate as values determined with
appropriate formulas, but for most practical problems
the charts give satisfactory results.
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TRANSMISSION FREQUENCIES

Very low frequsncy v-1-f
Low frequency 1-f
Uedium frequency n-f
High frequency h-f

Very high frequency v-h-i“

Ultra-high frequency u-h-f

Super-high frequency  s~h-f

Point to point radio end marine
navigation:t

Air navigation

Redio broadoasting, amplitude
moduletion

Anateur rsdio%

F-M radio broadcasting

Television*

Relay, radio and television

General exmerimentsl work

30
10000

300
1000

3000
100

30
10

300

40
7500

200
1500

1750
176

i These services use various bands of

other services,

Below
Below 10000 m

ke to
m  to
ke to
m to
ke to
m to
¥e to
m  to
Me to
m to

Above

Above
ke to
m to
ke to
m to
ke to
m to
ke to
mn  to
Me to
m to
¥e to
m  to
Me to
m  to

frequencies within
the range indicated, with intermedadte bands used for

30 kT
300 ke
1000 m

3000 ko
100 m

30 ¥e
10 m

300 Mo
ln

3000 Mo
10 em

3000 Mo
10 cm

2600 ko
115 m

400 ke
750 m

1600 ke
187.5 m

60 Lic
Sm

282 Mo
1.06 m

300 le
1

B =

3000 Mc
10 om
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REACTANCE. INDUCTANCE FREQUENCY

1 300000 1000 - 3%
] 500 1 = 100
4 200000 I |
) 1200
b 1 0 - 4
> | 199 3 n| 1300
z| %0 4 Y 4
-| 100000 l..|J< ] i} ds500
i * $< 31000
j ® 104 9]
1 s0000 2 5 1 | 2000
4 40000 © 13000
1 30000 L 1 3 5000
. $ (500 ] L 3 10000
41 20000 @ ] (
Z
|_|J< 100 - (9] 4 20
T 3 Wl 430
31 50 e
-{ 10000 ] 2l 450
] s 1 0L
1 J o) 100
] 10 - 3
- 5000 51 | {200
4 4000 { 1 300
- ]
J 3000 L 1 4 . 500
] 0 (500 3
(7] 1 3
| 2000 £ > ] Lol
[ L]
© Zliwo{ p 200
I 50 1 E’) 13
-| 1000 oﬁ ] >| 35
m @ 4
o)
] © < ]
. = 10 - OJ} 4 10
] , 9
- 500 ] =| {20
400 - — 30
] 300 U B ~ Jso

Chart 8-1. The chart for inductance and frequency
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Capacitive Reactance.—Capacitive reactance is the oppo-
sition to flow of alternating current in a circuit contain-
ing capacitance, the opposition being due to the charg-
ing and discharging of the capacitance or of capacitors
in the circuit. Capacitive reactance is measured in ohms.
The symbol is X¢. Capacitive reactance varies inversely
with frequency and with capacitance. The basic formula
for capacitive reactance is,

1

62832 f C
Xc¢ Capacitive reactance, in ohms.

f{ TFrequency, in cycles.

C Capacitance, in farads.

Xc

Capacitances never are so large as a farad, so for
practical purposes the formula must be altered to show
capacitances in microfarads or in micro-microfarads.
Rather than dividing the number 1 by the product of
62832, frequency, and capacitance, it usually lessens the
work to use a single equivalent number into which is
divided the product of frequency and capacitance. This
has been done in the following formulas.

Xe, ohms = — 169155000
kilocycles X micro-microfarads
Xe, ohms = 159{55 -
megacycles X micro-microfarads
Xc¢, ohms = 159155
cycles X microfarads
159.165
Xe, ohms = — 4
© kilocycles X microfarads
Xc, ohms = 0.159155

megacycles X microfarads

Chart No. 8-2 allows reading either frequency, capaci-
tance, or capacitive reactance when the other two quan-
tities are known. Like other generally similar charts,
this one is used by laying a straightedge at two known
values on their scales, and reading the third correspond-
ing value where the straightedge crosses the third scale.
The runges of frequencies and capacitances are great
enough to permit using this chart for most practical
problems.

Whereas all the formulas are designed to give the
value of capacitive reactance when the two known
quantities are frequency and capacitance, the chart
permits determination of a frequency at which a given
capacitance will have a particular reactance, also of
the capacitance required to provide a desired reactance
at some particular frequency. As an example: it is a
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REACTANCE

3100000

-1 50000
{40000

130000

420000

- 10000

5000
44000

413000

-1 2000

1000

|

1
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4400
1300
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CAPACITANCE

1

BRI

03

.02

.01

.005
.004

.003

.002

.00

-0005
0004
0003

-0002

0001

-00005
-00004

.00003

Chart 8-2. The chart for capacitance and frequency.

MICROFARADS
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common statement that the bypass capacitor used across
a cathode-bias resistor should huve a very small reac-
tance at the lowest frequency to be handled. In a broad-
cast receiver the lowest radio frequency might be 500
kilocycles, and it might be desired to have no more
than 200 ohms reactance in the capacitor. Laying a
straightedge across 500 kilocycles and 200 ohms of the
chart shows that the required capacitance is about 0.0015
microfarad. There would be no need for computing
a more exact value of capacitance for the reason that
the one indicated is a standard size, and there would
be no others available with only small variations from
this value.

Reactances in Series and in Parallel.—So far as thélr effect
on reduction or limitation of alternating current is
concerned, reactances have the same effect as resis-
tances, and, so long as their values are in ohms, reac-

Applied .
Potential Current in
Inductance

N
~ -
CurrentTin
Capacitance
Fig. 8-3. Potunuals and currents in inductance and capacitance.

tances may be treated like resistances in all calculations.
All the rules for determining combined values of re-
sistances in series apply to reactances in series, and
those for resistances in parallel apply to reactances in
parallel.

Lagging and Leading Currents.—When an alternating po-
tential 1s applied to an inductance the current in the
inductance lags the potential by 90°, as shown by
Fig. 8-3. This means that the current peak in a given
direction, positive or negative, occurs 90° later than
the potential peak in the same direction. When alter-
nating potential is applied to a capacitance the current
in the capacitance leads the potential by 90°, as also
shown in Fig. 8-3. The peak of capacitance current in a
given direction occurs 90° earlier than the peak of po-
tential in the same direction.

When inductance and capacitance are present in the
same circuit, the current will lag the potential if the



REACTANCES AND ENERGY LOSSES 169

inductive reactance is greater than the capacitive reac-
tance, and the current will lead the potential if the
capacitive reactance is greater than the inductive reac-
tance.

To find the angle of lag (with excess inductance) or
the angle of lead (with excess capacitance) the dif-
ference between the two reactances is divided by the
resistance in ohms. The result of the division 1s the
tangent of the angle of lag or lead. The angle corre-
sponding to the tangent may be found from the list of
tangents in the table of Trigonometric Functions.

X —Xe¢
R
Xe—X,
R

tan angle of lag =

tan angle of lead =

Foulvoeice

Xu R Xe R L >
X X X
oL < L
w R

Fig. 8-4. Inductance, capacitance, and resistance combinations.

X X¢ R

Impedance—The alternating current which will flow in
a circuit when an alternating potential is applied de-
pends on the relative values of inductive reactance,
capacitive reactance, and resistance, all in ohms, The
opposition to current flow offered by a combination of
reactance and resistance is called impedance. Impedance
is measured in ohms. The symbol is Z.

Fig. 84 shows elementary circuits in which there are
various combinations of inductance with its inductive
reactance, capacitance with its capacitive reactance, and
resistance. These circuit elements are in series for three
circuits, and in parallel for the other three. The ac-
companying formulas allow determination of impedances

in ohms for each of the combinations shown by Fig. 8-4.
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Inductance and resistance in series.

Z=VvX,+ R
Capacitance and resistance in series,
Z=vX’+ K

Inductance, capacitance, and resistance in series,
Z=V(Xi—Xc)+ R
Inductance and resistance in parallel,
. XuX R
VXS R
Capacitance and resistance in parallel,
— Xe X R
VX + It
Inductance, capacitance, and resistance in parallel,
7 = X X X ¢ X R
VXXX + RI(X2~ Xo)'

The term (Xi— Xc¢) means that the net reactance
which is to be squared is taken as the difference between
the inductive and capacitive reactances, regardless of
which is larger and which is smaller. For example, were
the inductive reactance 12 ohms and the capacitive react-
ance 20 ohms, the net reactance would be 8 ohms. As
in all other formulas, it is a geueral rule that multipli-
cations are to be made, and quantities are to be squared,
before 'the additions are made.

All of the formulas call for squaring certain numbers
of ohms of reactance or resistance, which is not difficult,
and all of them call for extracting the square roots of
various sums, which is not so easy without the use of a
table of roots or a slide rule. However, with the help
of Chart No. 8-3, square roots may be found as readily,
and as accurately, as with a small slide rule.

In Chart No. 83 the scales for numbers and their
square roots are side by side and close together. No
straightedge is required, because the two sets of gradua-
tions (for numbers and corresponding square roots) are
on the same vertical line and it is necessary only to read
from one side to the other. In column A on the left-
hand side of the vertical scale are numbers from 1 to 9,
and in column A on the right-hand side of the same
vertical scale are the square roots of these numbers.
Column B, which is on the left-hand side of its
vertical scale, contains numbers from 10 to 100, and
in column B on the right-hand side of the same
scale are the square roots of these numbers. Columns C
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NUMBERS ROOTS NUMBERS ROOTS
E C A ACE F D B BDF
1000000 10000 100 oog
100000 1000 10 900000 9000 90 ~2
=[- o
90000 900 9 ——mS 800000 8000 80 e
(.3
EERID) BE) & 700000 7000 70 —
70000 700 7 E sl 3
00g 600000 6000 60 = @
— NG =
60000 600 6 = =
= 500000 5000 50 <E_ o9
50000 500 5 = 4 F &
45000 450 <[ 400000 4000 40 —-
-1 ol o
40000 400 4 = RR] 35 038
35000 350  —| I+
- 300000 3000 30 —
30000 300 3 —| =+
T o v8g
25000 250 -E
0 o -=
-~ 2#2200000 2000 20 - 393
20000 200 2 —| +
- -::— OO
i 150000 1500 15 ~F -9
15000 150  — T
. T vuno
4 € ©~a
T 100000 1000 10;{
E o
10000 1 -l o8 — 038

Chart 8-3. The square root chart.
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similarly contain numbers running to 1,000, and their
square roots. Columns D cover numbers from 1,000 to
10,000, and their square roots; columns £ run from 10,000
to 100,000; and columns F go from 100,000 to 1,000,000—
always with the numbers on the left of the scales and
the square roots on the right. Thus the chart allows
finding the square root of any number from 1 to 1,000,000
with an accuracy of between one per cent and 1/10 of
one per cent anywhere in the range.

The chart may be extended to cover any range be-
cause, as may plainly be seen, every time two ciphers are
added to the basic numerals in the columns of numbers,
one cipher is added to the basic numerals in the corre-
sgomling columns of square roots. If it is desired to use
the chart for decimal fractions, the rule is to move the
decimal point two places in the columns of numbers and
at the same time move the decimal point one place in
the same direction in the columns of square roots.

Although the chart columns are marked “numbers”
and “roots,” it is apparent that the “numbers” columns
may be considered to contain the squares of the quan-
tities which are in the “roots” columns. Then, by pick-
ing a number which is to be squared from the columns
marked “roots,” the square of that number will be found
in the columns marked “numbers.” Thus the chart may
be used for determining the squares of numbers from 1
to 1,000.

As an example in using the impedance formulas and
Chart No. 8-3. assume that it is desired to know the
impedance in ohms of a capacitive reactance of 200 ochms
in parallel with a resistance of 500 ohms. The formula is,

Z= —__Xc x R
vXce 4+ R
Placing the known quantities in this formula gives,
7 — 235X 470 _ 110450

V235 + 470° /55000 & 220000
110450 _ 110450
V275000 525

The squares of 235 and of 470 may be read from the
chart to the approximate values used in this computa-
tion. Also, the square root of 275,000 is read from the
chart as approximately 525. Thus all the mathematical
work except simple multiplication, division and addition
is cared for by the chart of square roots and squares.
There is nothing gained in accuracy by having more
figures in the answer than in the original factors. That
is, since there are only three figures in the original

= 210 ohms impedance.
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numbers, 235 and 470, there is no object in having more
figures than 210 in the final answer.

The relation of resistance to current and to potential
difference in a ecircuit carrying steady direct current is
shown by the three forms of Ohm’s law,

2 E poiIxk

1 ! k
The relation of impedance to current and to potential
difference in a circuit carrying a varying or an allernat-
ing current may be shown by three similar formulas in
which the value of impedance in ohms, Z, is used instead
of the value of resistance in ohms, R.

E £ 7
Z 7 1 7 E=1%x2

In these three latter formulas the values of current, 1,
and potential difference, FE, are the effective or r-m-s
values.

The impedance of a circuit always is greater than
either the resistance ov the nei reactance, which latter
is the difference between the inductive and capacitive
reactances. If the resistance is double the reactance the
impedance will be considerably more than the resistance.
If the resistance is five times the reactance, the im-
pedance will be only about 2% more than the resistance.
With resistance ten times the reactance the excess of
impedance is only about one-half of one per cent, and
with a resistance to reactance ratio of 20 to 1, the im-
pedance is only about one-eighth of one per cent more
than the resistance. If reactance excceds resistance in
similar ratios, the impedance is in excess of the react-
ance by the same percentages. Thus we find that when
either the reactance or the resistance is more than five
to ten times the value of the other, the impedance will
be nearly equal to the greater of its two factors.

ENERGY LOSSES

Energy is lost from a radio circuit whenever part of
the circuit energy is changed into heat and whenever
part of the cnergy is transferred into other circuits or
does work in other circuits. Energy losses occur becanse
of the following:

Resistance.

Skin effect.

Emf’s induced in other circuits.

Eddy currents produced in nearby objects of metal.

Magnetic hysteresis.

Dielectric hysteresis.

Distributed capacitance.

Whenever current flows in a resistance, a part of the
energy equal to I'R watts or watthours is changed into
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heat and cannot be recovered in any useful form unless
it is the purpose of the apparatus to produce heat. No
encrgy is lost in inductance or capacitance intentionally
built into a circuit, because all encrgy put into these
elements during part of a cycle is returned to the source
during other parts of the cycle.

Skin effect is a magnetic action which forces current
to travel at and near the surface of a conductor carrying
high-frequency current, rather than flowing uniformly
through the cross scction. The excess current at the
surface causes heating and cnergy loss. The greater the
surface area of solid conductors in proportion to their
total volume the less energy is lost due to skin effect.

25 l.'il_.',._ ;__ﬂ N N O ._I.,{.I ]
g B A esE e anna na®
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Resistance Increase-

ere Gage
Fig. 8-5. High-frequency resistance of copper wire.

Fig. 85 shows, for various gage sizes of solid annealed
copper wire, the number of times that the cnergy loss
due to skin effect is increased over the d-c resistance
loss when the frequeney is 1,500 kiloeycles.

Emf’s are induced in other circuits by variations of
magnetic field around the high-frequency circuit. These
emf’s cause currents in the other conductors, and the
energy changed into heat by those currents must come
from the high-frequency circuit.

Eddy currents are caused to flow in any conductors
subjected to varying magnetic ficlds from a high-fre-
quency cirenit. The directions of the induced emf’s are
shown by Fig. 86. These emf’s cause flow of eddy
currénts, which produce heat in the metal and thus
abstract cnergy from the high-frequency circuit. The
less is the resistance of the conductor the smaller is the
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energy loss due to eddy currents. The loss is relatively
sma}l in copper and aluminum, but is large in iron or
steel.

Magnetic hysteresis is a lagging of magnetization and
demagnetization in iron or steel subjected to alternating
magnetic fields. Because the metal does not demagnetize
at the same rate with which it magnetizes, extra energy
is required for the demagnetization. This energy repre-
sents a loss.

Dielectric hysteresis represents an energy loss due to
the pulling back and forth of the electrons in the mole-
cules of a dielectric material subjected to a high-
frequency electric field. The work done in moving the
electrons causes heating of the dielectrie, and the heat
energy becomes a loss.

Distributed capacitance is the capacitance which
exists between all conductors which are separated by
insulation acting as a dielectric. Inductance coils have

N S
:”: ;\) s ,'l
emf ‘o emf RIS S
— L
S N

Fig. 8-6. Induced emf's which cause eddy currents.

considerable distributed capacitance; enough so that
this capacitanece combined with the inductance of the
coil arc resonant at some high frequency. Currents at
this resonant frequeney, also at other frequencies, repre-
sent an encrgy loss.

The total effect of all energy losses is the cquivalent
of the loss due to heat which would occur in a resistance
of some certain number of ohms. Consequently, the
. total effect may be called high-frequency resistance or
effective resistance. With the exception of the heat loss
in resistance, all of the effects or energy losses which
have been mentioned increase with frequency. The high-
frequency resistance increases rapidly with rise of operat-
ing frequency.

Q-factor—The primary purpose of the coil in a resonant
circuit is to provide inductive reactance, and the primary
purpose of the capacitor is to provide capacitive react-
ance. It is impossible to avoid having some high-
frequency resistance in the coil while it is in operation,
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and to have at least a small amount of high-frequency
resistance in the capacitor. But the greater is the react-
ance of either the coil or the capacitor in comparison
with their high-frequency resistance, the better is the
coil or capacitor for its primary purpose. It may be said
that the ratio of reactance to high-frequency resistance
denotes the quality of performance obtainable from s
coil or capacitor. This ratio, which may be written in
fractional form as

X or Teactance

R resistance

is called the Q-factor or simply the Q of the coil or the
capacitor. Not only coils and capacitors may have
Q-factors, but the entire circuit may have a Q-factor,
which is equal to the circuit reactance divided by the
high-frequency resistance of the circuit.

At frequencies in the broadeast band and in much of
the short-wave range the causes of high-frequency re-
sistance are associated chiefly with the coil of a tuned
circuit rather than with the capacitor. Consequently,
the Q of the entire circuit is practically the same as
that of the coil. The inductive reactance of the coil
increases with increasing frequency, and so does the
high-frequency resistance of the coil. Also, the reactance
and the high-frequency resistance increase in about the
same proportion through the frequencies mentioned, and
as a consequence the @ of the coil undergoes little
change as the frequency varies. The @Q’s of typical radio
coils run from about 100 to as much as 800, meaning that
their reactances at resonant frequencies are from 100
to 800 times as great as their high-frequency resistances.

A given inductance and inductive reactance of a coil
may be had by winding many turns on a shorter form or
one of smaller diameter, or else by winding fewer turns
on a longer form or one of larger diameter. With usual
types of construction, more turns will bring about a

reater increase of inductive reactance than of high-
requency resistance. This is one of the principal reasons
for preferring to use as many turns as are practicable
for obtaining the required inductance; the effect being a
lessening of the high-frequency resistance and an in-
crease of the @ of the coil.

With Q = X/R the smaller the high-frequency re-
sistance the greater will be the value of Q. But, the
smaller the high-frequency resistance the sharper is the
current peak with series resonance and the sharper is
the impedance peak with parallel resonance. The sharper
and narrower are these peaks, the better is the selectivity
of the circuit. Then it follows that the greater values of
Q which accompany smaller high-frequency resistance
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indicate greater selectivity. Selectivity is directly pro-
portional to @

The impedance, at resonance, of a paralle! resonant
circuit may be determined from any of several formulas
that involve the values of Q, of reactance at resonance,
X, of high-frequency resistance, R, and of inductance L
and capacitance C. .

Z=Q@xX Z=@Q'XR
X 'L

Z == = ol
R z QX\/C

In all of these formulas the values of Z, X and R are
in ohms. In the formula involving the square root of
L over C, the inductance L is in microhenrys, and the
eapacitance C is in microfarads, not in micro-micro-
farads.

In addition to the usual formula, Q= X/R, two
ochers sometimes are useful. The three formulas for

are,

_X _ 2z . c
=X o=Z Q—ZX\/—L
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RESONANCE AND COUPLING

Resonant circuits are represented in Fig. 9-1. Dia-
gram 1 shows the ideal series resonant circuit with only
inductance L and capacitance C in series with each
other and with the a-c source E. Diagram 2 shows the
actual series resonant circuit in which there must be
more or less resistance R.

Diagrams 8 to 6 represent parallel resonant circuits.
Diagram 3 represents the ideal circuit with only induct-
ance and capacitance in parallel with each other, while
the other diagrams show actual circuits having resistance
in either or both branches.

In a series resonant circuit the same current flows in
both the inductive and capacitive sections, but there
may be differences between the potential drops across
the two sections. In a parallel resonant circuit there are
equal potential differences across the inductive and
capacitive branches, but there may be differences be-
tween the currents flowing in the two branches. .

The impedance, in ohms, of a parallel resonant circuit
at resonance may be found by dividing the inductance,
in microhenrys, by the product of resistance in ohms
and capacitance in microfarads, thus:

L microhenrys
R ohms X C mfds
If capacitance is in micro-microfarads the formula be-
comes, :

__ 1,000,000 X L microhenrys
Z, ohms R ohms X C mmfds

The impedance at resonance is equal also to the square

of the reactance divided by the resistance, all in ohms.

The reactance may be either inductive or capacitive,
since they are equal at resonance,

Z, ohms = (at resonance)

X!
Z,ohms = 53 (atlresonance)

In all these formulas the resistance, B, appears in the
term which is below the line, which indicates that the
reactance is divided by the number of ohms of circuit
resistance in every case. Then the greater the resistance
of the parallel resonant circuit the less will be its im-
pedance at resonance; in fact, the impedance is inversely
proportional to the resistance.

With 270 microhenrys inductance and 100 micro-micro-
farads capacitance in a parallel resonant circuit, the im-
pedance at resonance works out to be 540,000 ochms when

178
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there is resistance of 5 chms in the parallel circuit. With
10 ohms resistance the impedance drops to 270,000 ohms,
and with 20 ohms of resistance the impedance becomes
135,000 ohms. The greater the resistance in a parallel
resonant circuit the less is the impedance at resonance.

The computation of the impedance of a parallel reso-
nant circuit at frequencies other than that for resonance
becomes rather involved because of the many possible

® L ¢ ® L c

R

Fig. 9-1. The elements of resonant circuifs.

combinations of phase relations between currents in the
inductive and capacitive branches. For example, at 4
in Fig.-9-1 there is resistance in series with the induct-
ance, but there is no resistance, or at least an entirely
negligible amount in series with the capacitance. Then
current in the inductive branch will be displaced in its
phase relation by the series resistance, but current in
the capacitive branch will not be displaced. At 6 in
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Fig. 9-1 the current in the capacitive branch would be
displaced from the phase position it would have were
there no resistance in this branch, but the current in
the inductive branch would not be so displaced. At 6
the currents in both branches would be displaced in
phase or time, because there are resistances in both
branches. Computatlon of impedance with such com-
binations of various possible phase relations and with
the different reactances which exist in the two branches
at frequencies other than resonant requires taking all
these variables into aceount. Circuit resistance has about
the same effect on impedance of a parallel resonant
eircuit as it has on current in a series resonant circuit.

Frequency of Resonance.—The frequency at which reso-
nance occurs in a circuit containing inductance and
capucitance depends only on the relative values of these
two factors, and is not affected by any resistances which
may be in the resonant circuit. The frequency of reso-
nance for given inductance and capacitance is the same
whether the circuit is of the series resonant type or is of
the parallel resonant type. Here is the basic formula
for the frequency of resonance, when frequency is in
cycles per second, inductance is in henrys, and capaci-
tance is in farads.

N S
62832 X VL X C

The following equivalent formulas are used for capacx—
tances in microfarads.

Cycles = — __159.156
Vmfd X henrys
Cycles = oty

Vmnjd X millikenrys

If it is desired to determine the resonant frequency
in kilocycles, the following formulas are used.

Ko— 5.0325
Vmfd X millihenrys
159.166
Vmfd X microhenrys
— 5082.6
Vmmmfd X millihenrys
169156
Vmmfd X microhenrys

Kc=
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When resonant frequencies in megacycles are to be
determined, the formulas are as follows.
— 0.0060326
Vmfd X millthenrys
_ 0.159156
Vmfd X microhenrys
Me= 5.032{5 : B}
vVmmfd X millihenrys
Me=— 159.156
vmmfd X microhenrys

The values of the square roots which are required in
all the formulas for resonant frequencies may be deter-
mined with the help of Chart No. 8-3.

When a frequency of resonance and an inductance are
known, and it is desired to determine the capacitance
which must be used, the following formulas are used.

S @%ﬁ% S cycles’g i(ssrgglolghemys

Ml = o e 1= B seceohonie

Mjd = ﬁ% S Mc géoiifohemys
Mmfd = kc’% Mmfd = ke* isrioiggglotgfnys

2533 25330
Mmfd =222 d= :
mf Mc* X millihenrys d Mc* X microhenrys
When a frequency of resonance and a capacitance are

known, and it is desired to determine the inductance
which must be used, the formulas become,

Henrys = cyclf:’—siomf& Millihenrys = ‘ﬁ%
Millihenrys = %%? Millihenrys = —zfco’oizfzjsd
Millihenrys = % Millihenrys = %
Microhenrys = % Microhenrys = —Ilol-z;%)fsmjd
Microhenrys = 26330000000 pr.0 v onrrs — 26330

kc* X mmfd Mct X mmfd
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- In all of the preceding formulas the abbreviations or
letter symbols have the usual meanings, which are,

ke kilocycles mfd microfarads
Mc megacycles mmfd micro-microfarads

Although the formulas give values which are quite
exact for resonant frequencies and also for the necessary
inductances and capacitances, values which are sui-
ficiently close for most practical problems may be read
directly from Chart No. 9-1. This chart. like many
others in the Handbook, is used by laying a straight-
edge across two values or quantities that are known, and
reading the value of a third unknown quantity at the
intersection of the straightedge with the third scale of
the chart.

In Chart No. 9-1 there are three scales. At the left is
the scale of inductances, graduated in henrys, milli-
henrys, and microhenrys. The scale is continuous, since
1 henry at the lower end of the upper series of mnarkings
is the same as 1,000 millihenrys which would form the
top of the next series of markings. Also 1 millihenry, at
the bottom of the millihenry markings, is the same as
1,000 microhenrys for the top of the microhenry mark-
ings. The center scale is for frequencies of resonance,
in cycles, kilocycles, and megacycles. Here again the
scales are continuous, since 10 on the kilocycle markings
is the same as 10,000 cycles, and 3 on the megacycle
markings is the same as 3,000 kilocycles. The right
hand scale is for capacitances, in micro-microfarads from
10 to 1,000, and in microfarads from 0.00001 to 0.01.

This chart may be used to determine the approximate
frequency of resonance for known values of inductance
and capacitance; placing the straightedge across the two
known values on the outer scales and reading the reso-
nant frequency on the center scale. The chart may be
used also for determining the capacitance required for
resonance at a certain frequency with a given indue-
tance, and for determining the inductance to be used
with a certain capacitance when the combination is to
be resonant at a particular frequency.

Wavelength at Resonance.—The following formulas allow
determining the wavelength in meters at resonance for
various combinations of inductance and capacitance.

Meters = 1,883,824 \/henrys X microfarads

o Meters = 69,677 \/millihenrys X microfarads
Meters = 1883.8 \/microhenrys X microfarads

v Meters = 1.8838 \/microhenrys X micro-microfaards

Oscillation Constants.—An oscillation constant is & num-
ber. which is the product of the inductance and the
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RESONANT
INDUCTANCE FREQUENCY CAPACITANCE
1000 3 750 .01
500 3 31 -
] 4100 ]
- {200 .005 |
so e 1390 | o -004 -
1 c - 500 e = .003
IREE 3 :
10 5 5| ety .002 -
51 12000 |
1 3000
14/ 4 5000 | .001 —{ 1000
500 7 | 3 N -
—10 o) -
e} .
1004 | g 1 20 2 .0005 - 500
so] | & 13° 2 .0004 - 400
£ 350 v 2 .0003 300
1 1= ] o o
104 |= Fwoo Lo s |
1|2 C Z 0002 - 200
] {200 | o |
{300 | ¢
1 - 500 .0001— 100
500 4 ) 3 i
<1000 )
1 1 'g
100 - - 2000 .00005 ~| 50 &
0 Y N B ws
509 | = 00004 | 40 ©
J c 95 1 [3)
i _ .00 _ -
N 3 00003 30 -2
104 | o 310 3] ) )
s]|sc & .00002 { 20 9
Ils 120 o 1S
] 130 2 =
14 250 .00001— 10

Chart 9-1. The chart of inductzance and capacitance at resonance.
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capuacitance which are resonant at a certain frequency
for which the constant applies. Because oscillation con-
stants are products of inductance L and capacitance C,
they sometimes are called LC constants. The accom-
panying table of Oscillation Constants or LC Constants
gives constants for frequencics in megacycles and kilo-
cycles, and in meters of wavelength, which frequently
occur in radio circuits. Most of the frequencies are
those of upper and lower limits o bands used for various
transmissions, or of frequencics found in radio receiver
circuits or used in testing such circuits.

The constants listed in the table are the products of
inductance in microhenrys and capacitance in micro-
microfarads, not microfarads.

To determine the inductance in microhenrys for tuning
to resonance at a certain frequency, the oscillation con.
stant for that frequency is divided by the available
capacitance in micro-microfarads. To determine the
capacitance in micro-microfarads, the oscillation con-
stant for the frequency is divided by the available in-
ductance in microhenrys.

oscillation constant
micro-microfarads

: . scillati
Micro-microfarads = 95€1tation co Clll(ft on constant
microhenrys

Microhenrys =

Ezample—It is desired to design an inductance coil
for tuning in the range from 9,500 ke to 14,400 ke with a
tuning capacitor having a maximum capacitance of
100 mmfds. Assume a fixed or distributed circuit capaci-
tance of 10 mmfds. Determine the inductance required
in the coil.

The frequency range of 9,500 to 14,400 ke is the same
as 9.5 to 144 megacycles. The table gives the oscillation
constants for these frequencies as 2806 and 1221, re-
spectively. The total maximum capacitance, employed
for the lower of the two frequencies, will be 100 +10=
110 mmfds. Dividing the constant for 95 Mec by the
capacitance, we have,

280.6
110

To check the capacitance required at the higher fre-
quency we divide the oscillation constant for that fre-
quency by the inductance just determined.

122.1
2.55

Since 10 mmfds of the total capacitance is fixed, the
minimum capacitance of the tuning capacitor must be
47.88 — 10 = 37.88 mmfds. A variable capacitor having
maximum capacitance of 100 mmfds will easilv reach a

= 2.55 microhenrys in the coil.

= 47.88 micro-microfarads.
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Fre- Fre-
quency, 1c I\:r/\::: quency, Te l\:r/‘a\::
Mega- Constant  pu v Mega- Constant ? ’
cycles cycles SIS
400 0.1583 0.75 58.5 7.400
300 . 2814 1.0 56 8,345
294 . 2530 1.2 50 10,132 6.0
282 .3187 43 13.70
270 . 3474 42.8 13.82 7.0
264 0.3633 42 14,36
256 . 3866 37.5 18.02 8.0
242 .4327 33.3 21,58 9.0
236 . 4547 30 28.14 10.0
230 .4788 29.25 29.62
224 0. 5050 28.1 32.10
216 . 5428 28 32.31
210 . 5743 27 34,74
204 .6083 25 40.52 12.0
200 . 6333 1.5 21,75 53,53
192 0.6870 21.42 55,17 14.0
186 . 7320 18.73 72.21 16.0
180 . 7820 17.85 79.50
168 .8972 17,75 80.38
162 .9648 15,35 107.5
156 1.040 15.1 111.1
150 1.126 2.0 15 112.6 20.0
144 1.221 14.4 122.1
140 1.292 14.25 124.7
132 1.454 14.15 126.5
129 1.523 14 129.3
119 1,788 12 175.9 25.0
116 1.881 11.9 178.8
112 2.020 11.7 185.0
108 2.171 9,7 269.2
102 2,436 9.67 271.0 31.0
100 2,533 3.0 9.5 280.6
96 2. 750 7.3 475,2
90 3.128 7.0 516.9
84 3,590 6.2 658.8
78 4,161 6.0 703.7 50,0
75 4,500 4.0 5.7 780.0
72 4.881 5,57 816,0
66 5,817 5.5 847.5
60 7.035 6.0 4 1583 75.0

185
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OSCILLATION CONSTANTS OR LC CONSTANTS

Fre- Fre-
quency, Lc IWave quency, Lc Wave
Kilo- Constant ength, Kilo- Constant length,
cycles Meters cycles Meters
4000 1583 75 455 122400
3900 1665 400 158300 750
3500 2068 390 166500
3000 2814 100 380 175500
2600 3748 370 185100
2500 4052 120 300 281400 1000
2400 4397 278 328000
2300 4789 264 363500
2060 5965 262 369000
1800 7820 250 405200 1200
1750 8272 200 633300 1500
1700 8765 175 827300
1600 €897 170 876800
1500 11260 200 150 1126000 2000
1400 12930 130 1499000
1000 25330 300 125 1622000
550 85740 100 2533000 3000
515 95520 50 10130000 6000
475 112300 40 15830000 7500
456 121900

minimum of 37.88 mmfds, so the combination of coil
and capacitor will handle the frequency range.

FEzample —By measurement and counting of turns on
a coil it is determined to have an inductance of about
80 imicrohenrys. What should be the maximum and
minimum capacitance of a tuning capacitor for use
with this coil in covering a range from 1700 to 3500 ke?

Constant for 1700 ke is 8765, from the table.

8765 + 80 (microhenrys) = 109.6 mmfds
maximum capacitance,

Constant for 3500 ke is 2068.

2068 = 80 (microhenrys) = 25.9 mmfds
minimum capacitance.

If we assume a distributed or fixed capacitance of
15 mmfds in the tuned circuit the maximum and mini-
mum capacitances of the variable capacitor must be,

109.6 — 15 = 94.6 mmfds maximum.
25.9 — 15 = 109 mmfds minimum,

A capacitor of 100 mmfds maximum capacitance

should meet these requirements.
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COUPLING

Coefficient of Coupling.—The coeflicient of coupling is a
fraction which indicates the amount or degree of coup-
ling between two coupled circuits. If the two coils
having mutual induction could be of the same length,
same diameter, wound with the same number of turns
in the same manner, and could they occupy the same
space, then the coefficient of coupling would be 1.0. In
all practical cases the coefficient must be less than 10.
In iron-core transformers the coupling coefficient may
be 0.9 or more, while with air-core coils used as in Fig.
9-2 the coupling coefficient may run around 0.02 to
(l).lo. ’I,‘che usual symbol for coefficient of coupling is the
etter

Secondary

\QQQ/
\" o
13N

From Source
{ Primary)
Fig. 9-2. An air-core type of tuned transformer.

If the mutual inductance, M, is known, and if the
total self-inductances of each of the coupled circuits
is known, the coefficient of coupling may be found from
this formula,

M

4 VLa X Lb

k The coupling coefficient, a fraction.

M The mutual inductance of the two circuits.

La The total self-inductance of one circuit; not only
the sclf-inductance of a coupled coil, but the
self-inductance due to all the coils in the circuit.

Lb The total self-inductance of the other circuit.

All the inductances, mutual and self-, are to be in
the same unit; in henrys, in millihenrys, or in micro-
henrys. The self-inductances, if measured, must be
measured in each circuit while the other circuit is so
far removed as to have no coupling and no mutual in-
duction.

Coils that are connected into a circuit for the pur-
pose of adding to the inductance of the ecircuit, but
which take no direct part in providing coupling or al-
lowing mutual induction, may be called loading coils.
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1f the loading coils are in series with other coils in the
same circuit the inductance of the two coils together
is less than that of either one alone. This reduction
of circuit inductance lessens the mutual induction and
lessens the coupling coefficient. If a loading coil is con-
ngfited in parallel with another coil their self-inductances
add.

If the coefficient of coupling is known, and if the
total inductances of the two coupled circuits are known,
the mutual inductance may be found from this formula,

M=FkXVLlaXxLb

Here La and Lb are the same as in the preceding
formula, and all the inductances are in the same unit.

Coupling with which there is a large transfer of energy
is called close coupling, or may be called tight coup-
ling, while coupling with which there is but small trans-
fer of energy may be called loose coupling. There is no
generally recognized division between close and loose
coupling, although sometinies it is considered that any
coupling with a coefficient of 0.5 or more is close
coupling, and with a coefficient of less than 0.5 is loose
coupling.

The coupling coefficient sometimes is stated as a per
cent rather than as a fraction. Multiplying the frac-
tion by 100 changes it to an equivalent per cent. For
example, a coefficient of 05 is the same as a coefficient
of 50 per cent. Percentages cannot be used in any of
the usual formulas.

Resistances or reactances, or both, which are in one
coupled circuit have the effect of being carried over
into the other circuit to a degree that increases as the
coupling coefficient is increased. For instance, resistance
in one circuit adds to the effective resistance of the
other circuit, and would lessen the @Q-factor of the
other circuit were it of a resonant type. Reactances,
either inductive or capacitive, which are in one coupled
circuit will affect the tuning of the other coupled res-
onant circuit, and the tuning will have to be read-
justed as the coupling or the coupling coefficient is
changed. If both the coupled circuits are tuned, the
tuning of both will be upset by any change in the
amount of coupling between them.

Double Hump Resonance.—When two tuned circuits of the
type shown by Fig. 9-3 arve rather loosely coupled, and
each is separately tuned to the same frequency, there
will be peaks of current, not at the tuned frequency
but rather at two different frequencies, one of which
is less than the tuned frequency and the other more.
That is, the two circuits become resonant at two dif-
ferent frequencies. This effect is called double hump
resonance. It is important because it occurs with the
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tuned intermediate-frequency transformers that are used
in superheterodyne receivers.

As an example assume, in Fig. 94, that the two tuned
circuits have inductances of 800 microhenrys each, and
that both tuning capacitors are adjusted for a capaci-
tance of 155 mmfds in each. The resonant frequency

A\ From Source
fFig. 9-3. Transformer with tuned primary and secondary.

for this combination of inductance and capacitance is
452 kiloeycles. If the coupling is very loose there will
be maximum current in both circuits at this resonant
frequency, and the resonance curve for current will be
about as shown.

Now assume that the coupling has been made closer,
until the coefficient of coupling becomes 0.02 or 2 per
cent. As shown at the left in Fig. 9-5 there will be two
frequencies at which there are peaks of current; one

800
155 Micro- 155
mmfd. h{enryi) mmfd.

r

—

= <
L{ v ]
= ;
(®]
— | 1
[ —
= ool 452 ke.

Fig. 9-4. Resonance curve for very loose coupling.

frequency at 447.5 kilocycles, which is 4.5 kilocycles
below the original tuncd frequency, and another at 456.6
kiloeycles, which is 4.6 kilocycles above the original
tuned frequency. Instead of the single narrow peak
obtained with very loose couﬁllling there now is a much
broader peak, which means that the coupled eircuits or
the tuned transformer will have an almost uniform
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response to a band of frequencies extending over about
10 kilocycles, yet the cutoff or the reduction of current
at frequencies either side of this band is practically as
sharp as with the original very loose coupling. Selec-
tivity has been retained with an increase of the num-
ber of frequencies which are selected for amplification.

At the center of Fig. 9-5 the coeficient of coupling
has been increased to 0.05 or to 5 per cent. Now there
is a current peak at 4410 kilocycles and another at
4638 kilocycles. These peaks are, respectively, 110
kilocycles below the original tuned frequency and 11.8
kilocycles above that frequency. The band now is
about 23 kilocycles wide, but there is a dip between
the peaks where the current falls off. At the right in
Fig. 9-5 the coefficient of coupling has been made 0.10
or 10 per cent. The current peaks now are quite dis-
tinet from each other and there is a deep dip of rela-

" tively small current in between them.

456.6
4475 e 4309 4764

k=.05

k=.02 k= .10

Fig. 9-5. Resonance curves for three coupling coefficients,

Denoting the original tuned frequency as f, the lower
of the two resonant peaks ag f—, the higher of these
peaks as f+, and the coefficient of coupling as k, the
frequencies of the peaks are as follows:

S —_ 1
I__\/1+k A Vi—Fk

The frequency of the lower peak is found by dividing
the original tuned frequency by the square root of 1
plus the coupling coeflicient, and the frequency of the
higher peak is found by dividing the orignial frequency
by the square root of 1 minus the coupling coefficient.
All of the frequencies are to be in the same unit; in
cycles, kilocycles, or megacycles.

The two resonant peaks appear to be due to having
two different values of inductance acting at the same:
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time. One of these inductances is equal to the self-
inductance plus the mutual inductance, and the other
is equal to the self-inductance minus the mutual indue-
tance. In the preceding example, where the self-induc-
tance is 800 microhenrys, the mutual inductance is about
16 microhenrys when the coupling coefficient is 0.02.
Then one of the inductances which cause a resonant
peak is equal to the sum of 800 and 16, or is 816 micro-
henrys, and the other is 800 minus 16, or is 784 micro-
henrys. If these two inductances, together with the
capacitance of the tuning capacitors are used in any
of the usual formulas for frequency, those formulas will
give the frequencies of the lower and upper peaks.

If the two coupled tuned circuits such as shown in
Figs. 9-3 and 9-4 are separately tuned to two frequen-
cies which are slightly different from each other, in-
stead of to the same frequency, there will be two current
peaks. One of these peaks will be at a frequency lower
than the lower tuned frequency, and the other will be
at a frequency higher than the higher tuned frequency.
Were the two tuned frequencies to be represented by
the broken line resonance curves of Fig. 9-6, the varia-
tion of current at nearby frequencies might be about
as shown by the full-line curve. A small change in the
tuning of either circuit will cause a relatively large shift
of the peaks of current at the two resonant frequencies.

Power Transfer in Coupled Circuits.—The maximum cur-
rent that may be induced in the secondary of two
coupled circuits is affected by the high-frequency re-
sistance in both the primary and secondary circuits;
more resistance means less secondary current, and less
resistance means more secondary current, with the same
applied alternating potential.

The relations between resistances and currents may
be shown by formulas when using the following symbols
for the various quantities:

E  Applied alternating potential, volts.

§f  Frequency, cycles.

Ip Current In primary, amperes.

Is Maximum possible secondary current, amperes.

M Mutual inductance, henrys.
Rp High-frequency resistance in primary circuit.
Rs High-frequency resistance in secondary circuit.

When both the primary and secondary circuits are

tuned to the frequency of the applied potential the

relations are,
(628 X ) X M*=Rp X Rs

The maximum possible secondary current is,
E

Js—m ——
2 X VRp X Rs
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Fig. 9-6. Effect of tuning windings to diffcrent frequencics.

When the secondary current is of maximum value, as
above, the mutual inductance must be,
M= VIRp X Rs
6.2832 %

_Under these conditions the current in the primary
circuit will be,

IZ):L
2X Rp
l ' l T T
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Fig. 9-7. Effect of coupling on current in secondary winding.

The secondary current varies with mutual inductance
and coupling coefficient as shown, in general, by Fig.
9-7. With zero coupling or zero mutual inductance
there is, of course, no induced current in the secondary
circuit. As the coupling is increased there is a rapid
increasc of secondary current to its maximum possible
value. Then, as the coupling is made still closer, which
increases the mutual inductance and the coupling co-
efficient, the secondary current commences to fall off in
value, and it continues to decrease as the coupling is
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made closer and closer. The current curve falls off less
and less rapidly, since no matter how close the coupling
may be made, there always will be a considerable current
induced in the secondary circuit. Fig. 9-7 illustrates the
important fact that there is an optinum coupling with
which there is the maximum possible current in the
secondary, and that with a coupling which is either
looser or closer there will be a smaller secondary current.

The ratio of secondary current to primary current in
the double-tuned high-frequency transformer is,

Secondary 1 _ Rp
Primary 1 = \/Rp X Rs
Thus it appears that the secondary current is in-
creased in comparison with the primary current by
lessening the resistance of the secondary circuit or by
increasing the resistance of the primary circuit. This is
true when the coupling is adjusted to cause maximum
current in the secondary circuit.
Computation of the ratio of secondary voltage to
Erimary voltage is more complicated. However, with
oth of the resonant circuits tuned to the frequency
of the applied potential, and with decreasing resistances
in both cireuits, the ratio of secondary to primary volt-
age comes closer and closer to,

Secondary E __ primary capacitance
Primary £ — N\ secondary capacitance
If the primary and secondary circuits are closely
coupled, but are not tuned to the same frequency, the
ratio of secondary voltage to primary voltage comes
closer and closer to the ratio of secondary turns to pri-
mary turns as the circuit resistances are made smaller
and smaller. That is,
Secondary E __ turns on secondary coil
Primary I turns on primary cotl
This latter relation between voltages and turns on the
coils or windings is the same that exists in transformers
which have iron cores. But, in view of the preceding
explanations, it seldom may be correctly assumed that
the voltage ratio is even approximately equal to the
turns ratio in high-frequency transformers having air-
core coils and tuned circuits.




Section 10
TRANSFORMERS

_The following formulas show the approximate rela-
tions between. currents, potential differences, and num-
bers of turns in the windings of transformers.

E, Primary potential difference, effective volts.
E, Secondary potential difference, effective volts.
I, Primary current, effective amperes.

I, Secondary current, effective amperes.

N, Number of turns in primary winding.

N. Number of turns in secondary winding.
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Fig. 10-1. Phase relations of transformer potentials and currents.

Phase Relations.—Phase relations of currents and poten-
tials in the primary and secondary windings of a trans-
former are shown by Fig. 10-1. Primary current lags the
applied primary voltage by approximately 90°. The
counter-emf in the primary is in opposite phase with
the applied primary voltage. The emf induced in the
secondary is in phase with the counter-emf of the pri-
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mary, so is in opposite phase to the applied primary
voltage. The secondary current lags the induced seo~
ondary emf by approximately 90°, and is in opposite
phase to the primary current.
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Fig. 10-2. Secondary connections determine load polarity.

The opposite instantaneous polarities in primary and
secondary ordinarily have no particular significance so
far as the secondary load is concerned. As shown by
Fig. 10-2, it is necessary only to reverse the connections
between the terminals of the secondary winding and
the load in order to make either end of the load of
either polarity with reference to polarity in the primary
circuit or the source.

Transformer Regulation.—The regulation of a transformer
1s a measure of the difference between the secondary
voltage at no load and at rated load.

E, at no load — E, at rated load
E, at rated load

Assume that the no-load secondary voltage is 275 and
that the voltage drops to 250 at rated load. Then,

: 275 —250 _ 25
egulation = 22— <9 . 29 — 01 or 10%
Regulatio 250 250 7

Assume that the transformer in question is to deliver
250 secondary volts at rated load when the primary
voltage is 125. This is a voltage ratio of 2-to-1, second-
ary to primary, at rated load. But at no-load the sec-
ondary voltage is 275, and the voltage ratio, secondary
1o primary, is 275-t0-125, which is a ratio of 22-to-i.
In order to have a rated-load voltage ratio of 2-to-1
the turns ratio, secondary to primary must be 2.2-to-1.
If, for example, there are 500 turns on the primary, the
number of secondary turns will be 2.2 X 500 = 1100.

The larger the fraction or the per cent which repre-
sents regulation the poorer the regulation is said to be,
and the smaller the fraction or the per cent the better
is the regulation.

Regulation is improved by using a core of larger
cross sectional area. also by using more turns per volt
in the windings. Poor regulation sometimes is desired
in certain power transformers in order that the second-

Regulation =
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ary voltage may drop sharply with overloads, and thus
protect the transformer against overheating and burn-
ut.
© POWER TRANSFORMERS

The following notes apply to single-phase power trans-
formers of rated secondary outputs up to about 3,000
volt-amperes, such as generally used in radio apparatus.
Unless otherwise specified it is assumed that operation
is at 60-cycle frequency. The basic transformer formula

is,
E=£44JNAB or fNAB
100 000 000 22 500 000
A Cross sectional area of portion of core on which
windings are placed, in square inches.
B Flux density, in magnetic lines per square inch of
core cross section.
E Terminal potentizl difference of winding consid-
ered, in eifective volts or r-m-s volts.
§ Operating frequency, cycles per second.
N Number of turns on winding considered.

The formula may be rearranged to show required core
area in square inches, or required number of winding
turns, or resulting flux density in lines per square inch.

A= 22 500 000 E
fNB

N = 22 500 000 E
fAB

— 22 6500 000 E
fNA

Small power transformers often have cores made with
35% to 4.0% silicon steel, of No. 20 US.S. sheet gage
which is 0.014 inch thick, and are operated with flux
densities between 60,000 and 90.000 lines per square inch.
If it is assumed that the flux density is 75,000 lines
and that the frequency is 60 cycles, three of the formulas
are simplified as follows:

E=NA ‘4:75_'73“ N:5E
5 A A

With a shell type transformer having a core arranged
substantially as in Fig. 10-3 the core area is the cross
section, in square inches, of the center leg on which are
placed the primary and secondary windings. The areas
of each of the outer legs and of the top and bottom are
approximately half that of the center winding leg.

Transformers usually are rated in the number of volt-
amperes of secondary output, which is equal to the
product of rated secondary volts and rated secondary
amperes. A volt-ampere rating is independent of power
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factor in the load. A rating in watts is dependent on
the load power factor, and if the rating is based on
assumed unity power factor, which seldom exists, the
actual power-handling capacity of the transformer will
be less than its rating by a percentage or fraction cor-
responding to the power factor. If there are two or
more secondary windings, the rating for purposes of
design is equal to the sum of the ratings of all the
secondaries.

Transformer Design.—The methods of transformer design
here described are useful in layout for one or a very
few transformers which will have good efficiency and
which will not be damaged hy modgate overloads. For
high efficiency combined witl: minimum weight and cost,
as would be required for commercial production, more
elaborate computations would be used.

Primary Winding
From Source

Secondary

Primary

Secondary o )
Winding Load Core

Fig. 10-3. The parts of an iron-core transformer.

_ The first step is to determine the required core area
in accordance with the known volt-ampere rating. The
following formula serves most purposes.

Core area, sq. inches = G.I7\/volt-ampere rating
The multiplying factor given as 0.17 might be any-
where between 0.16 and 0.i3. The smaller the cross
sectional area the greater will be the flux density in the
core.
Ezample—What should be the core area for a trans-
former rated at 1200 volt-amperes?

Area = 0.17y/1200 = 0.17 X 34.64 = 5.89 sq. in.
Using a factor of 0.16 the area would be 5.54, and
with a factor of 0.18 it would be 6.23 square inches. With
square cross sections the sides of the corresponding
squares would be 2.35 inches minimum and 2.50 inches
maximum.
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The next step is to determine the number of turns for
the primary winding. The formula for number of turns.
N, is used.

Ezample.—Assuming that a core of 25 inch sides in
square shape is available, the core area A will be 625
square inches. It will be assumed also that the primary
voltage is 117, the frequency 60 cycles, and the flux
density 80,000 lines per square inch. Placing these values
in the formula gives,

22 500 000 x 117
=t A - — 878 tur
N = 0% 635 x 80 000 s
Another met.hod'is to compute the number of turns
per volt and then ‘multiply by the number of volts.
4.8
core cross section, sq. in.
With this method we would have,
48 .
T It = —. = 0.768
urns/vo. 625
0.768 X 117 (volts) = 89.8 turns

The next step is to determine the number of turns for
the secondary winding. The computation takes into
consideration the desired voltage ratio and the regula-
tion. For transformers of the type being considered, an
approximation of the per cent of regulation may be had
from the following formula:

Turns per volt =

6

Vcore cross section, sq. in.
 For the transformer being considered, the cross sec-
tional area of the core is 6.25 square inches. Then the
regulation is approximately,

Regulation, per cent =

Regulation = —_6 = 9 2.4%

V635~ 25
Ezample —Assume that the secondary voltage at rated
load is to be 250 and that the regulation is 24%. As-
sume also that the primary winding is to have 88 turns.
The voltage ratio, secondary to primary, is 250/117.
Not considering the allowance for regulation, the num-
ber of secondary turns would be found thus:

250 X 88 (pri. turns) = 188 turns

117
This number of turns should be increased }fy 24%
to allow for voltage drop due to regulation. The per-
centage 2.4 is the same as the fraction 0.024. Then the
number of turns should be equal to the number for the
voltage ratio multiplied by 1.024.
188 X 1.024 — 1925 turns
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The next step is to determine the wire size with the
help of the tables of Magnet Wires.

Previously it was stated that the secondary rated
output of the transformer considered is to be 1200 volt-
amperes. Assuming 250 secondary volts at rated load,
the secondary current is,

Amperes = 1200 (v-a) =- 250 = 4.8

It is common practice to select a wire size having the
required current capacity as based on 1500 circular mils
per ampere. If there are likely to be long-continued
overloads the wire should be selected for 1000 circular
mils per ampere. An intermediate capacity is found by
adding 1 to the gage number of the wire whose rating
is based on 1500 circular mils. For example, if number
20 wire operates at 1500 circular mils, number 21 will
operate at about 1270 circular mils,

For hand assembly or hand winding, wire larger than
number 12 usually is double cotton covered, gage sizes
between number 12 and number 26 usually are cotton
enameled, and sizes smaller than number 26 may be silk
enameled. Plain enamel often is used in commerical
transformers for the smaller sizes, but it is difficult to
wind without incurring danger of broken insulation and
short circuits.

Going to the Magnet Wire table for current capacity
it is found that for a basis of 1500 circular mils per
ampere (Open Coil column) the required 4.8 amperes of
secondary current calls for number 13 wire. Assuming
the use of double cotton covered wire, the table for
such wire shows that it will wind 140 turns per square
inch. This information will be used in determining the
window size for the core.

Current in the primary winding will be proportional
to the volt-amperes of output and the transformer effi-
eiency, or the transformer losses. That is, the primary
current will be somewhat increased to care for the energy
losses. Considering the volt-ampere rating of the trans-
former and the primary voltage, the primary current
would be,

Amperes = 1200 (v-a) = 117 =11.3

The total energy loss (copper plus iron losses) may
be taken as double the percentage of voltage regula-
tion, which, in the present case, would be 4.8%. Adding
48% to the already computed primary current gives,

11.3 X 1.048 = 11.84 amperes,

The Magnet Wire table shows that this current calls
for number 9 wire., With double cotton covering this
wire winds 59 turns per square inch.

To determine the required window area for the wind-
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ings it s necessary to consider the numbers of primary
and secondary turns, and the turns per square inch.
For the secondary winding,

193 turns
140 turns per sq. in.
For the primary winding,
88 turns
59 turns per sq. in.

Then the total window area for the windings is,
1.38 4+ 149 = 2.87 square inches

To this must be added a safe allowance for insulation
around the core, or for the cardboard or fibre bobbin on
which the windings are placed, also for insulation be-
tween primary and secondary and for the insulating
wrapping around the outside of the windings.

Lower Operating Frequencies.—For a 25-cycle transformer,
as compared with a 60-cycle type of the same rated
output, the core area is multiplied by about 1.67, the
turns per volt by 1.3, the weight of core iron by 22,
and the weight of copper wire by about 1.7. Losses will
be somewhat greater and efficiency correspondingly
lower.

For a 50-cycle transformer the core area is multiplied
by about 1.13, the turns per volt by 1.06, the weight or
iron by 12 and the weight of copper by about 1.1.

COLOR CODING OF TRANSFORMERS

Fig. 104 shows the RMA standard color coding for
power transformer leads. The upper diagram shows the
coding for an untapped primary and three secondaries;
one for the high voltage or plate supply, a second for
the rectifier filament, and a third for the amplifier fila-
ments or heaters. Secondary center taps, if used, are
colored as shown for the broken-line tap leads. A tapped
primary winding is coded as shown by the lower left-
hand diagram. Additional windings for amplifier fila-
ments or heaters are coded as shown by the lower right-
hand diagram.

Fig. 10-5 shows standard color coding for interstage
audio-frequency transformers and for output trans-
formers connected to the moving coil of a loud speaker.
As shown by the two upper diagrams, coding is the
same for interstage and output units. With center
tapped windings, the coding of the third diagram from
the top is used when the ends of the windings may be
connected to either of the plates or to either of the
grids. When necessary to distinguish the plate leads
from each other or the grid leads from each other, the
coding of the bottom diagram is used. Note that plate
leads are blue except in the bottom diagram, that B4

= 1.38 square inches

= 1.49 square inches
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Fig. 10-4. Color coding for leads of power transformers.
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BLUE: GREEN H
T Grid
Plate (finish) ’é (Finish)
g4+ RED BLACK
{ start) {start) Return
BLUE GREEN High Sid
Plate, - gh oide
9€ (finish) (finish)
Moving Coil
RED BLACK
B+ (start) ( start) Low Side

Plate BLUE

GREEN  Grid
B+ RED g”é BLACK Return
Plate BLUE GREEN  Grid!
Plate - Binisny Urinishy "4
B+ REDEHEBLACK Return
Plate BROWN GREEN

(start) (start) Sric]

Fig. 10-5. Color coding for audio-frequency transformers,

leads always are red, that grid leads always are green
except in the bottom diagram, and that grid return
leads always are black.

Fig. 10-6 shows the standard color coding for loud
speaker field coils and moving coils or voice coils. The
lower diagrams show the coding for a tapped field wind-
ing and for two separate field windings on one core.
Note that colors for the moving coil leads correspond
to those on the output sides of output coupling trans-
formers shown by Fig. 10-5.

Fig. 10-7 shows the standard color coding for inter-
mediate-frequency transformers. The coding for the
center-tapped secondary of the lower diagram is used
for connections to two diodes.
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Field Coil Moving Coil
|
BLACK YELLOW GREEN BLACK
+ RED + RED (finish) (start)

(start)  ( finish)
Double Field Winding

Tapped Field Low Res.  High Res.
SRy imeRiay
BLACK YELLOW YELLOW | YELLOW
+ RED + RED + RED +GREEN
SLATE BLACK+  { BLACK,
+ RED RED GREEN

Fig. 10-6. Color coding for loud-speaker connections.
Plote BLUE GREEN Gridor
g g Diode
B+ RED BLACK Return
Plote BLUE GREEN Diode
g BLACK Return
B+ REDE GREEN ' pigde

+ BLACK

Fig. 10-7. Color coding for intermediate-frequency transformers.
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TRANSFORMER CONNECTIONS

impedance Matching.—1n order that a triode power tube
may deliver maximum possible power output with a
permissible amount of distortion, the resistance or im-
pedance of the load in the plate circuit is made con-
siderubly greater than the plate resistance of the tube.
Pentode and beam power amplitier tubes have very high
plate resistances, and the impedances or resistances of
loads in their plate circuits are made much smaller than
the plate resistances. Plate resistances and load resis-
tances arc listed in the tables of tube characteristics.

The greater the inductance of the primary winding
of the power output transformer the lower will be the
audio frequency at which there is satisfactorily high
output. To maintain such a satisfactory low-frequency
output, the primary impedance must be increased also
with the plate resistance of a triode power tube or with
the optimum load resistance of a pentode or beam
power amplifier.

The resistance or impedance of a loud speaker or
other load on the secondary of the output transformer
affects the impedance offered to the tube by the pri-
mary winding. To match the impedances so that the
tube may operate as desired, the turns ratio of the out-
put transformer, secondary to primary, is made approxi-
mately equal to the square root of the ratio of load
impedance to the impedance or resistance desired in
the plate circuit of the tube.

N, _ actual impedance of load
Ny 7 '\ impedance desired in plate circuit

Ezample—A power tube in whose plate circuit it is
desired to have a resistance (or impedance) of 6000 ochms
is to feed a load having an input resistance (or imped-
ance) of 500 ohms. What is the desirable turns ratio
for the output coupling transformer?

No_ B0 _ 227
N, 6000~ 775

This is a ratio, secondary to primary, of about 0.3 to 1.

Multiple Windings and Tapped Windings.—Several second-
aries may be used with a single primary on the same
transformer. At A in Fig. 10-8 1s represented a 300-
volt secondary and a 5-volt secondary on a transformer
whose primary is designed for connection to a 120-volt
supply circuit. The various sccondary voltages are ob-
tained by choosing suitable turns ratios between each
of the secondaries and the single primary.

At B in Fig. 10-8 is shown a lapped secondary with a
tap connection brought out at such a number of turns
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along the secondary winding that the potential between
the tap and the upper end of the secondary is 100 volts,
and between the tap and the lower end is 5 volts. The
potential between top and bottom ends of this second-
ary would be 105 volts.

At C in Fig. 10-8 is shown a tapped secondary from
which may be had cither of two potentials. When the
load circuit is connected to the bottom common ter-
minal and the top terminal the load potential will be
220 volts, and when connected between the common
and the tap the load potential will be 200 volts. The
difference in secondary voltages results from the fact
that there are more turns between the common and the
220-volt terminal than between the common and the
200-volt tap. At D is shown a tapped primary with
which it is possible to maintain the same secondary
potential when the primary is connected to a 110-volt

A, B C =220
| E 300 100 200
§ v v
120
v . SEC.
g s5v S5v L
Common
Common D E E
+ —
. g gi g
0 0
110
v
12 - +
v

Fig. 10-8. Multiple and tapped windings of transformers.

supply through its common lead and the 110 volt tap,
and when it 1s connected to a 120-volt supply through
the common and the lower end of the primary. There
are fewer primary turns between the common and the
110-volt tap than between the common and the 120-volt
terminal, so there is a greater step-up ratio for second-
ary potential with the 110-volt primary connection than
with the 120-volt Erimary connection, Additional pri-
mary taps might be provided to accommodate other
supply potentials.

At E in Fig. 10-8 is shown a center-tapped secondary,
with which the tap connection is brought out from the
electrical center of the winding. During the half-cycle
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in which the top of the sccondary is positive and the
bottom negative (diagram E), the center tap will be
midway between the positive and negative potentials,
which means that it will be at zero potential. During
the opposite half-cycle, in which the polarities of the
ends of the secondary reverse, us in diagram /', the cen-
ter tap still is at a potential midway between the
end potentials, so still is at zero potential. A center
tap provides a point of practically unvarying potential
in a circuit connected to a secondary winding. Such
constant potential points or zero potential points are
needed in many radio circuits.

Identifying Transtormer Windings.—The high-voltage and
low-voltage windings, or the primary and secondary
windings of a transformer, together with their relative
polarities, may be identified with a single dry-cell and
a d-c meter reading 0 to 10 volts or having a range of
this general value.

<>
-
KD
<
<D
<D
-—
<>

Fig. 10-9. Testing polarity of transformer windings.

When a direct potential is applied to either the pri-
mary or the secondary in a certain polarity, there will
be an induced emf and an accompanying current in
the other winding. The direction of the induced emf
and current depends on the direction or polarity of the
potential applied to the first winding. Transformer leads
or terminals may be marked in such manner as to
show the instantaneous relative polarities of the ends
of the windings. Such markings permit correct connec-
tions of primaries, secondaries, or both, either in series
or in parallel.

As shown at the left-hand side of Fig. 10-9, either
winding may be connccted to the terminals of the d-¢
meter. One end of the other winding is connected to
one terminal of the dry cell, and wires (or a switch)
are arranged so that a momentary connection may be
made from the remaining terminal of this other winding
to the other terminal of the dry cell. When the battery
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connection at A is momentarily closed, the pointer of
the meter will jump upward on its scale and then will
drop back to zero, or else will jump to the left of zero
and then return to zero. When the connection at A is
opened the meter pointer will jump in a direction the
opposite of its first movement, and then will return to
zero. Connections to either the dry cell or the meter
should be made in such a way (reversing them if neces-
sary) that the meter pointer jumps upward on its scale
when the connection at A is closed.

The transformer leads or terminals then connected
to the positive of the dry cell and to the positive of
the meter should be marked “+4" or otherwise identified
for future reference.

If, as at the right-hand side of Fig. 10-9, the posi-
tions of dry cell and meter are interchanged with refer-
ence to the transformer windings, it will be found that
the meter behaves just as before. Thus it makes no
difference to which winding of the transformer the dry
cell and meter are connected when making the identify-
ing tests.

It is evident that when current from the dry cell
flows into either connection marked “4” there will be
an induced current flowing out of the other similarly
marked terminal. During operation on alternating po-
. tential, current will flow into one “+4” terminal and out
of the other one during one half-cycle, and during the
opposite half cycle will low out of the first “+” ter-
minal and into the second one. :

The distance to which the meter pointer rises on its
scale gives a rough indication of which winding has the
greater number of turns. With the battery connected to
a winding of few turns and the meter to one of many
more turns, the pointer will jump much farther than
when the battery is connected to many turns and the
meter to fewer turns. Ordinarily it is easy to thus dis-
tinguish primary from secondary windings, and to dis-
tinguish high-voltage or plate supply secondaries from
filament or heater supply secondaries. If the dry cell is
connected to one filament or heater secondary and the
meter to another it is possible to determine which i the
higher voltage (more turns) winding. Any winding will
act as a primary, when connected to the dry cell, and
any other will act as a secondary.

Transformers in Series or Parallel.—When the terminals of
two power transformers have been identified and marked
as just explained, the secondaries may be connected in
series as at the left in Fig. 10-10 to deliver a high
potential to the load, or in parallel as at the right to
deliver more current to the load.

Transformer secondaries in series will deliver the sum
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of their separate potentials, whatever those potentials
may be. But the total current from both secondaries
must not exceed the permissible current capacity of the
one having the smaller capacity. For instance, if the
capacity of one secondary is 0.5 ampere, and of the other
one is something like 2.5 amperes, only 0.5 ampere may
be taken from both together when in series.

If the connections of one of the series secondaries is
reversed, the total output potential from the two will be

+ + +

LINE LINE

OPrOr-

Fig. 10-10. Transformers in series and in parallel,

equal to the difference between the greater and the
smaller of the separate potentials.

When secondaries are connected in parallel, both must
be of the same rated voltage to avoid partial short-
circuiting of one winding by the other. The two parallel
secondaries should have the same voltage regulation, and
preferably should have the same turns ratios and im-
pedance ratios. For practical purposes, the parallel con-
nection is limited to two (or more) identical trans-
formers.



Section 11
POWER SUPPLY FROM A-C OR D-C LINES

Typical of power supplies furnishing plate and screen
potentials up to 400 volts and d-c currents totaling up to
200 milliamperes is the arrangement shown by Fig. 11-1.
Commonly used rectifier tubes include the 5U4, 5X4,
5Y3, 5Y4 and 80 types in the filament-cathode class, and
the 6X5 heater-cathode type, all of which are full-wave
tubes. The filter usually is of the capacitor input type
having two capacitors, Ca and Cb, with the speaker field
acting as the filter choke.

Transformer
A-C
Line Spgoker
Field
8+
Ca Cb
Heaters I I

Fig. 11-1. A typical D-C power supply.

Many ac-dc receivers operating directly from power
and lighting lines at 117 average a-c¢ volts without a
transformer employ the half-wave rectifier arrangement
of Fig. 11-2 or some modification of it. Across the line
are connected in series the rectifier heater and the re-
sistance Ra which usually consists of the heaters of all
the amplifier tubes connected in series, together with a
fixed resistor when an additional voltage drop is required
to make the total drop equal to line voltage. One side
of the line is connected to the rectifier plate through
resistor Rb, or, in some receivers, through a pilot lamp
and a tapped portion of the rectifier heater in parallel
between tﬁe line and the plate. The capacitor input
filter includes capacitors Ca and Cb with the speaker
field acting as filter choke, or else with a fixed resistor in
plate of the choke. Commonly used rectifiers include the
3525, 3523, and 25Z6. The latter, being a full-wave

209
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Speaker
Field
B+

Ca_l_
I[P .

Fig. 11-2. Half-wave rectifier' for A.C-DC }eceivers.
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type, is used with. its plates connected in parallel for
half-wave operation.

The average plate characteristics of several rectifiers
of the high vacuum type are shown by Fig. 11-3. The
right-hand broken line curve applies to types 3523, 3524,
and 35Z5. The center dot-dash curve applies to types
5U4 and 5X4. The right-hand full line curve applies to
types 5Y3, 5Y4, and 80. The characteristics of other
types of high vacuum rectifiers lie between the left-hand
and right-hand curves. At half of the maximum rated
currents, the plate resistance indicated by the left-hand
curve is about 100 ohms, by the center curve is about
200 ohms, and by the right-hand curve is about 400 ohms.
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Fig. 11-4. Effect of various capacitances in first filter capacitor.

Capacitor Input Filters—With capacitor input filters for
full-wave systems such as shown by Fig. 11-1, the first
capacitor Ca ordinarily has a capacitance between 8 and
30 mfds, and the second capacitor Cb may have some-
what greater capacitance., A fair average value is 20
mfds for each position. For half-wave systems such as
shown by Fig. 11-2 the first capacitor Ca ordinarily has
8 capacitance between 20 and 40 mfds, and the second
capacitor Cb may be between 20 and 50 mfds. Fair aver-
age values would be 30 mfds at Ca and 25 mfds at Cb.

Fig. 114 shows the effect on power supply perform-
ance of changing the capacitance of tﬁe first filter
ca%acitor. The curves apply to rectifier types 25Z5 and
2576 with alternating potential of 117 r-m-s volts applied
to the plate. The curves show performance with capaci-
tances of 32, 16, 8 or 4 mfds. The vertical scale repre-
sents the resulting d-c volts across the input to the
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The potential difference which is applied to the load
from the output of the filter is less than the input
potential shown by Fig. 114 because of the voltage
drop in the resistance of the filter choke or the filter
resistor used in place of a_choke. However, the load
potential is directly dependent on the mput potential
to the filter, and increasing the capacitance of the first
filter capacltor has the effect of raising the load potential
for any given load current and applied a-c¢ potential.
It is apparent from the graph that the d-c¢ output poten-
tial may be somewhat in excess of the a-c r-m-s potential
lpphed to the filter input, or it may be much less than

he a-¢ input potentlal

For example, assuming a 30 milliampere (0.030 am-
pere) load current, a speaker field (filter choke) resist-
ance of 500 ohms, and a 32-mfd filter input capacitor:
The filter input potentlal shown by Fig. 114 is 143 volts,
the voltage drop in the speaker ﬁeld 18 500 X 0.030 = 15
volts, and the potential remaining at the filter output
is 143 — 15 = 128 volts. The field current and resistance
mentioned would mean only 045 watt for the speaker
field, which would be low for most applications. Larger
load currents and greater filter choke resistances will
make decided reductions in filter output potential.

Fig. 11-5 shows the effect of different a-c applied
voltages on the filter input potential for various load
currents. The curves apply to 5Y3, 5Y4, and 80 type
tubes. The filter input capacitance for all the curves is
4 mfds. For each applied a-c voltage there might be
drawn additional curves for various capacitances, each
set of curves for a given a-c potential then appearing
generally like those of Fig. 114. Such curves for a type
5T4 rectifier tube are shown by Fig. 11-6. The upper
set of curves applies with 400 r-m-s a-¢ volts per plate,
and the lower set with 300 volts per plate. cﬁ set
includes curves for input filter capacitances of 4 8 and
16 mfds. The form and slope of the curves in both sets
are the same, showing that the number of volts at the
output varies in the same degree regardless of input a-c
voltage when there are certain changes in input capaci-
tance.

Resistances of loud speaker field windings range from
300 to 5,000 ohms, with values between 500 and 2,500
ohms in common usc. The number of watts of power
used in the field winding is equal approximately to I’R,
where 1 is the d-c load current in amperes and R the
resistance of the winding in ohms. The power in the
field may be about double the normal undistorted _power
output of the loud speaker. For example, assuming an
undistorted power output of 5 watts the power in the
field winding might be 10 watts. If the d-¢ load current
in the field winding is, for example, 120 milliamperes
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(0.12 ampere) the required field resistance is found from
B = P/F which would be P =10/0.12*= 694 ohms or
about 700 ohms.

Separate filter chokes, which are not a part of the loud
speaker, may have resistances between 100 and 600 ohms .
for most applications. Inductances at rated load currents
commonly range from 5 to 20 henrys. The full-line
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Fig. 11-6. Effect of filter input capacitance at two input potentials.

curves of Fig. 11-7 show how the inductance decreases
with increase of direct current in some commercial filter
chokes. With a gap in the iron core the inductance of
a choke will be decreased for small currents, but will
remain higher for large currents. The short-dashed line
curve of Fig. 11-7 shows performance of an experimental
choke with the core iron butted (no measurable gap),
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and the long-dash curve shows behavior of the same core
and winding with a gap of 0.018 inch in the core. Chokes
ordinarily are made with cores of low permeability steel
to prevent magnetic saturation and excessive drop of
inductance with large currents.

The rated working voltage for the first capacitor of a
capacitor input filter must be at least as high as the
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Fig. 11-8. A choke-input type of filter,

peak a-c potential, which is 1.414 times the effective or
r-m-s potential as measured with an a-c meter at the
filter input, or may be taken as 1414 times the r-m-s
potential from the transformer secondary, or from the
line if no transformer is used. The voltage on the second
capacitor normally is lower than on the first one, because
of voltage drop in the filter choke or resistor, but since
this voltage would be equal to that on the first capacitor
with no load current, the rating of both capacitors
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should be the same. Electrolytic filter capacitors are
used for working voltages up to 600 or sometimes to 800,
with paper capacitors for higher voltages.

Choke Input Filters—With a choke’ input filter, shown by
Fig. 11-8, the output of the rectifier tube is fed first to
a choke instead of to a capacitor and a choke as in the
capacitor input filter. A choke input filter system may
have a single choke La and a single capacitor Ca, or this
first section of the filter may be followed by another
similar section including choke Lb and capacitor Cb.
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Fig. 11-9 shows the performance of 5Y3, 5Y4 and 80
type rectifiers with a choke input filter having a 5-henry
choke. This graph may be compared with Fig. 11-5,
which shows performance of the same tubes with @
capacitor input filter. For the same applied a-¢ r-m-s
potential it is seen that the rectifier output voltage, at
the input to the filter, is much lower with the choke
input arrangement, but that the decrease of d-¢ voltage
with increasing d-c load current is much less for the
choke input filter than for the capacitor input type.



POWER SUPPLY FROM A-C OR D-C LINES 217

There is a minimum permissible inductance for the
first (or only) choke of a choke input filter, the value
depending on the type of tube. Following are minimum
inductances in henrys for the first filter choke.

MINIMUM INDUCTANCES FOR CHOKE INPUT FILTERS

Tube Henrys Tube Henrys
T4 ..iiiiinnnnns 10 5Z5 iiiiiiiiiiienn 3
S5U4 ...viiivinnnnnn 3 LY/ 5
5V4 ...l 4 6X5 ..t 8
5W4 ...l 6 6ZY5G ............ 13.5
5Y3 it 5 Y4 i, 10
5Y4 ... 5

A rule sometimes used for selecting the choke induc-
tance is to divide the output voltage (to the load) by
the d-c¢ load current or filter current in milliamperes.
Inductances between this computed value and double
the value are commonly used. For example, with 400
volts and 40 milliamperes the inductance would be
400 = 40 = 10 henrys. An inductance between 10 and 20
henrys could be used. There would be little gain in
voltage regulation with inductances greater than 20
henrys.

Current and Voltage Computation.—It is usual practice to
determine the required direct current and voltage at the
output of the filter, to add to the voltage the voltage
drop in the filter choke or chokes (E = /R), and thus
determine the d-c output volts required from the rec-
tifier, at the filter input, for the load current.

Ezample—At the output of a capacitor input filter as
shown by Fig. 11-1 it is desired to have a current of
68 d-¢ milliamperes at 300 volts. The rectifier is a 5Y3
type whose performance is shown by Fig. 11-5. The
filter inductance is a speaker field coil of 850 ohms re-
sistance. What should be the secondary voltage of the
power transformer?

Drop in field winding,
0.068 (amp.) X 850 (ohms) = 57.8 volts.

Volts at input to filter,

300 (at output) + 57.8 (drop) = 357.8 volts.

On the vertical line for 68 milliamperes of Fig. 11-5,
3578 d-c output volts comes between a-¢ r-m-s voltages
of 300 and 350, and is about two-thirds of the way from
300 to 350 volts. Then two-thirds of the difference be-
tween 300 and 350 a-c volts must be added to 300 volts.

2/3 X 50 = 33.3 volts
300 4 33.3 volts = 333.3 volts

Then the high-voltage winding or plate winding of the

power transformer must furnish 333.3 volts or about 335
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volts, each side of the center tap. Since the curves of
Fig. 11-5 are based on 2 minimum input capacitance of
5 mfds, and since the first capacitor probably would be
of 8 mfds or greater capacitance, the resulting actual
output voltage would be more than 300 d-c volts.

Transformer secondary current may be less or more
than the d-c¢ load current, depending on the type of
filter and on whether full-wave or half-wave rectification
is used. Following are the approximate relations be-
tween currents.

TRANSFORMER CURRENTS
Half-wave rectifier

capacitor input ...... A.C.=157 x d-coutput.

choke input ......... A.C. = 1414 X d-c output.
Full-wave rectifier

capacitor input ...... A.C.=0.785 X d-c output.

choke input ......... A.C.=0.707 X d-c output.

In the example just considered, for 68 d-¢ milliamperes
output from a capacitor input ﬁlter with a full-wave
rectifier, we would have for the secondary current,

68 % 0.785 = 53.4 milliamperes

Ripple Frequency and Voltage.—The principal frequency of
the ripple or hum voltage from a half-wave rectifier is
the same as the frequency of the a-c source, which ordi-
narily is 25, 50 or G0 cycles per second. From a full-wave
rectifier the output frequency is double the power line
frequency, and would be 50, 100 or 120 cycles for supply
lime frequencies of 25, 50 and 60 cycles respectively.

Ripple voltage increases with d-c load current, directly.
This means also that the ripple voltage increases directly
with d-¢ voltage at the ter output, and that it 1s
inversely proportional to the effective resistance of the
load on the filter output. Doubling the load halves the
ripple voltage, and halving the load doubles the ripple
voltage. Ripple voltage is approximately inversely pro-
portional to the capacitances of a capacitor input flter
and to the inductance of the choke. That is, doubling
either capacitance or the choke inductance will halve the
ripple voltage. A rough approximation of the ripple
voltage from a capacxtor input filter such as shown by
Fig. 11-1, operating with a full-wave rectifier and
60-cycle line supply frequency, is given by the formula,

B, — 331
"TCaCbL
E, Ripple voltage, in volts, at 60 cycles, with full-
wave rectification,
I D-c load current, milliamperes.
Ca Capacitance of first capacitor, microfarads.
Cb Capacitance of second capacitor, microfarads.
L Inductance of filter choke, henrys.

t
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Ezample—Assume a direct-current load of 68 milli-
amperes from a capacitor input filter having capacitors
of 16 and 20 mids, and a choke whose effective induc-
tance is 15 henrys. The rectifier is a full-wave type
operating on a 60-cycle supply. What is the ripple
voltage at the filter output?

33X 68 _ 047 volt
"T16x20% 15 0:

For reasonably hum-free reproduction it may be as-
sumed that the ripple voltage should not exceed one-
fourth of one per cent of the d-c¢ voltage at the filter
output, and preferably should be much less. For ex-
ample, with 300 d-c volts at the filter output, the ripple
voltage should not exceed 0.75 volt under any conditions.

Additional reduction of ripple voltage occurs in
voltage-dropping resistors which feed plates and screens
of amplifying tubes when these resistors are bypassed
with capacitors of ample capacitance.

Voltage Regulation.—Voltage regulation in the power sup-
ply system refers to the decrease of d-¢c output voltage
that accompanies an increase of direct current to the
load. This decrease of output voltage is plainly apparent
in the downward slope of the curves of Figs. 11-5, 11-6
and 11-9 as the output current increases from left to
right. Voltage regulation is improved, or the change of
voltage is made less, by the following:

a. Less resistance in the filter choke or chokes, or in
the filter resistor.

b. Better voltage regulation in the power transformer
if one is used.

c. Using a choke input filter instead of a capacitor
input type. The difference appears in the smaller slope
of the curves in Fig. 11-9 when compared with those in
Fig. 11-5.

d. Operation at higher voltages. Fig. 11-6 shows that
the change in number of output volts for a given change
of load current is practically the same at high and low
operating voltages. This equal change is a smaller per-
centage of the higher voltage than of the low one, con-
sequently there is better regulation at the higher
voltages.

e. Allowing a bleeder current to flow, or increasing
the bleeder current. The bleeder current is a current
that flows through resistance between the positive and
negative sides of the filter output without going through
the tube circuits. The greater the bleeder current the
smaller is the percentage of the total filter current repre-
sented by any given change of current in the tube cir-
cuits, and the less is the change of voltage at the filter
output.

f. Using a mercury-vapor rectifier instead of a high-

T
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vacuum rectifier tube. The drop of potential in a mer-
cury-vapor tube remains at approximately 15 volts no
matter what the load current, while with a high-vacuum
rectifier the tube drop is many times greater, and it
changes with changes of load current.

Voltage Regulator Tubes.—A voltage regulator tube is a
gag-filled glow discharge tube in which the internal
voltage dmﬁ’ anode to cathode, undergoes but little
variation when there are relatively large changes in
current flowing through the tube. When such a tube is
connected across a load in which there is varying cur-
rent, the load voltage is maintained fairly steady. is the
load current decreases, tending to permit higher voltage,
the regulator tube draws more current from the filter
system. Thus the filter output current and output volt-
age remain fairly constant.

VOLTACE RECULATOR TUBES

VOLTAGES, D-C CURRENT REGULATION

TYPE Operating,  Supply, Change Range Per Cent .BASE
approx. minimym  total D-c ma. approx. Diagram
042 150 185 2 5 to 30 1.3 182
0A3/VRTS 75 105 3 5 to 30 4.0 181
0C3/VR105 105 133 1 5 to 30 1.0 181
0D3/VR150 150 185 2 5 to 30 1.3 181
VR 75/30 75 105 3 5 to 30 4.0 55
VR 90/30 90 150 6 10 to 30 8.3 55
VR 105/30 105 127 1 5 to 30 1.0 55
VR 150/30 150 180 2 5 to 30 1.3 55
874 90 130 7 10 to 50 3.9 2
991 60 87 & 0.4t02 133 183

The table, Voltage Regulator Tubes, lists operating
characteristics for various types in general use. The
approximate operating voltage (second column) is the
voltage maintained across the load. The minimum d-c
supply voltage is the lowest voltage from the filter which
insures starting or breakdown of the regulator tube
throughout its normal life. The change of voltage shows
the number of volts by which the load voltage may vary
when regulator tube current varies through the range
from minimum to maximum milliamperes shown in the
column headed Current Range. This range of current
is approximately the same as the change of load current.
During normal operation the regulator tube must not
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be permitted to carry a current greater than the higher
of the two values listed. If the tube draws much less
than the lesser of the two current values inonization
may cease, and the tube will stop regulating.

The regulation in per cent listed in the table represents
the percentage change from the operating voltage
(second column) that occurs when the tube current
changes in a ratio of one to six. The numbers of base
diagrams listed in the last column of the table refer to
tube base connection diagram shown in the section of
the Handbook dealing with Recetving Tubes.

Fig. 11-10 shows basic circuits for voltage regulator
tubes connected across the filter output and across the
load. The tube anode is connected to the positive ter-

B+
@ R mMAax.

K B-—

Fig. 11-10. Circuits for voltage regulator tubes.

minal of the filter and to the B+ lead to the load, with
the cathode connected to the negative terminal of the
filter and to B— of the load. Diagram { shows a single
tube regulating a single load voltage. Diagram 2 shows
an intermediate B+ tap on a voltage divider. Here the
regulation is effective for the mazimum B+ voltage,
while the intermediate B+ will vary with load current
from this tap. Diagram 3 shows two voltage regulator
tubes regulating two load voltages. The load voltage
between B— and B+ is maintained by the lower tube,
and that between B4+ and B+ maz. is maintained by
the upper tube. The voltage between B— and B+ will
be the operating voltage of the lower tube, that between
B+ and B+ maz. will be the operating voltage of the
upper tube, and that between B— and B+ maz. will be
equal to the sum of the operating voltages of the two
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tubes. Diagram 4 shows connections for two regulated
load voltages and for an intermediate B+ tap between
the two higher voltages.

A fixed resistor, R in the diagrams of Fig. 11-10 and
those following, must be between ‘the filter or other
supply and the regulator tube in order to limit the tube
current under normal operating conditions to the higher
of the two values shown in the current range column
for the tube. The required resistance at R may be deter-
mined from the formula,

R=— 1000 (Es — Eo)
Im
B Required resistance, ohms.
Es Maximum supply potential, volts,

Eo Regulated load potential, volts._
Im Maximum permissible operating tube current,

milliamperes.
A-C Line o 5 A-CLine R Bntax
2 A
K.
B+
A  oF
K.
Filter
S
g B—
L+ -
g Filter
Power Trans. g

Power Trans.,
Fig. 11-11. Connections for voltage regulators with jumpers in base.

Ezample—What protective resistance is needed for a
VR-75/30 voltage regulator tube whose regulated load
potential (from the table) is 75 volts and whose maxi-
mum operating current is 30 milliamperes, when the
maximum supply voltage may reach 120 volts. Substi-
tuting these values in the formula gives,

. 1000 X (120 — 75) __ 45000 __
R_T—_W_lmohms
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With such a resistor, were the load current to drop
to zero and were 30 milliamperes (0.030 ampere) to flow
through the resistor and the voltage regulator, the drop in
the resistor would be equal to IR or 0.030 X 1500 = 45
volts, and the 120 maximum volts from the supply would
be dropped to 120 — 45 = 75 operating volts for the tube.

Fig. 11-11 shows voltage regulator tubes having a
jumper in their bases, so connected that removal of the
regulator tube from its socket opens the primary circuit
of the power transformer. In the left-hand diagram the
jumper of the single regulator tube is in series with the
transformer primary. In the right-hand diagram the
jumpers of the two regulators are in series with each
other and with the transformer primary, so that removal
of either tube disconnects the power supply.

Fig. 11-12 shows conhections for voﬁage regulator
tubes which have more than one base pin connected to
the anode and cathode of the tube. The upper left-hand

A__A B4

B8+

+ A A max.

Filter

B K B+

Filter . Load K K B—
K

Fig. 11-12. Voltage regulators with multiple connections for base pins.

diagram shows connections for opening the B4 lead to
the load when the tube is taken from its socket. The
lower left-hand diagram shows connections for opening
both the positive lead and negative lead to the load.
The right-hand diagram shows connections for two reg-
ulator tubes regulating two load voltages, so connected
that removal of either regulator opens the load circuit.

Current through regulator tubes may be much more
than the operating maximum during the period before
amplifying tubes heat sufficiently to draw plate and
screen currents. To control larger load currents, voltage
regulator tubes sometimes are connected in parallel with
each other. An extra resistor of about 100 ohms resist-
ance then must be in series with each regulator tube, as
with any other paralleled gas-filled tube, to equalize the
currents in the two tubes. The percenta%e regulation of
paralleled regulators is not so good as for single tubes
of similar type.
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Voltage Dividers.—In the voltage divider of Fig. 11-13 the
symbols have the following meanings:

Ea Supply volts.

Eb Intermediate output voltage.

Ec Lowest output voltage.

Ib  Current from intermediate tap, milliamperes.
Ic Current from lowest tap, milliamperes.
11 Current in resistor R1, milliamperes.
12 Current in resistor R2, milliamperes.
13 Current in resistor R3, milliamperes.
R1 Resistance of resistor R1, ohms.

R2 Resistance of resistor R2, ohms.

R3 Resistance of resistor R3, ohms.

" =
€13 €y
o1 03
JE)
21 % 2y py
A
a1 a3 jddng
112 1y
+ L
03

Fig. 11-13, A voltage divider.

Known to begin with are the voltages required at
Ea, Eb and Ec, also the required currents Ib and Ic,
and the desired bleeder current I3 through resistor RS.
The bleeder current /3 usually is selected as about 10%
or 0.1 of the total load current, although it may be
either more or less. The greater the bleeder current the
better is the regulation of the voltage divider system.

It is desired to determine the values of resistance for
R1, R2 and R3, also the currents in these resistors so
that their power dissipation in watts may be computed.
The following formulas are used.

I1=Ib+Ic+ 13

I2=1Ic+ I3

R1 — 1000 (Fa — Eb)
T Ib+Ic+13
__ 1000 (Eb — Ec¢)

R2= Ic+ I3

R3S — 1000 Ec

13
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Ezample.—Assume the following required values, The
total load current is 74 milliamperes, so the bleeder
current I3 is taken as about 10% or 7.5 milliamperes.

Ea, 250 volts. Eb, 200 volts. Ec, 120 volts.
1b, 22 ma. Ic, 5 ma.
Substituting in the formulas gives,
11 =22 + 5+ 7.5 = 345 ma.
12=5+4+75=125ma.
R1 = 1000 (250 — 200) _ 50000 _ 1450 ohuns.
245475 345
R2 — 1000 (200 — 120) _ 80000 _ 6400 ohms.

5+75 ~ 125
R3 = 100(;_>5<75 = ’_75%9 = 1000 ohms.

Resistor power dissipations in watts now may be com-
puted from the known and calculated values for current
and resistance in each unit.

The same principles used in making calculations for
the three resistors may be used with any number of
resistors and taps. The current through any resistor is
equal to the sum of the current taken from the tap next
below that resistor and the current flowing through the
resistor next below. The determination of currents must
begin with that through the lowest or bleeder resistor,
R3 in Fig. 11-13, and to this current are added those
taken from the taps in proceeding toward the high volt-
age end of the system. The resistance required for any
resistor 1s B = E/I, with R in ohms, E the difference
between voltages required at the two ends of the re-
sistor, and I the current in amperes which must flow
through the resistor.

Rectifier Doublers.—A rectifier doubler system employs a
twin rectifier, with separately insulated plates and
cathodes, which is used to charge capacitors whose dis-
charge potential combined with the supply potential
provides for the filter system a total voltage greater
than that of the supply. Tubes whose construction per-
mits voltage doubler service include types 25X6, 25Y5,
2575, 2576, 35Z6, 50Y6, 50Z6, 50Z7, and 117Z6.

A circuit for a full-wave voltage doubler is shown by
Fig. 11-14. The input capacitance for the filter consists
of capacitors A and B in series with each other.
Capacitor A is charged by the rectifier section marked
A, and capacitor B is charged by the B section of the
rectifier tube. One side of the a-c supply line connects
to the cathode of section A and the plate of section B,
sometimes through a protective resistor at Ra. The plate
of section A connects to the negative side of the filter
system, and the cathode of section B connects to the
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positive side of the filter. The rectifier heater is con-
nected across the a-c line in series with resistors R,
which usually consist of the heaters of other tubes and
of any additional fixed resistance needed to reduce the
current to the correct value for the heaters. Rectifier
doublers are easily recognized in wiring diagrams by the
direct connection of one plate to the cathode on the
opposite side of the tube. The same tubes which are
used for voltage doublers often are used as two ordinary
half-wave rectifiers, or as a single half-wave rectifier
with the two plates tied together and the two cathodes
tied together to place the sections in parallel.

In order to provide fairly high d-c¢ voltage from the
filter output, together with satisfactory regulation of
voltage, the capacitors A and B usually are of 16 to 32
mfds capacitance each, and capacitors C often has a
capacitance of 50 mfds. The filter choke L may be the
speaker field winding or may be replaced with a fixed
resistor.

Ra L

AN
B :

im\'
L

re

ine

R

Fig. 11-14. Circuit for a full-wave voltage doubler,

The capacitors A and B are charged in the polarities
shown by their respective sections of the rectifier tube.
With no current being taken from the filter output, each
capacitor charges to the peak potential of the a-c supply,
and when direct currect is being drawn from the system
the capacitor charges and potentials are less than this
peak value. It may be seen from Fig. 11-14 that with
the capacitor polarities shown the potentials are in series
across the filter input, and consequently add together
to give an input voltage which is double that of either
capacitor alone.

Fig. 11-15 shows connections for a half-wave voltage
doubler rectifier. During the a-c¢ half-cycle in which the
lower a-c line is positive, current through rectifier section
A charges capacitor A in the polarity shown. During the
opposite half-cycle capacitor A discharges in series with
the line potential through rectifier section B into the
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filter system. Thus there is rectified current to the filter
during only one half of each a-c cycle.

Ballast Tubes or Resistors.—A ballast tube consists of a
resistance filament made of iron or iron alloy enclosed
within an envelope filled usually with hydrogen gas. The
resistance of iron increases at a moderate rate with rise
of temperature until a dull red heat is reached, where-
upon the resistance increases rapidly with further rise of
temperature. Consequently, a ballast resistor tends to
maintain a fairly constant current when there are
changes of applied voltage. Ballast resistors are used in
series with series connected heaters of the tubes in
AC-DC receivers. Some tynes are used in series with the
filaments of 2-volt filament tubes operated from a 3-volt
dry battery. Still others are used in series with the
primary of power transformers.

Ballast resistor tubes for series heater service are
mounted either on octal bases or on 4-pin bases. Fig.

A-C

Ra
R S

Fig. 11-15. Connections for a half-wave voltage doubler.

11-16 shows connections of resistance elements between
base pins when looking at the bottom of the tube or
socket. As indicated by the diagrams, many types are
designed for connection of pilot lamps or dial lamps
across certain of the resistance elements.

Many ballasts are lettered and numbered in accord-
ance with a standard RMA system as follows.

A type designation always includes a number followed
by a letter, and may include letters preceding the num-
ber. A single number and letter designation might
be 42A. :

The number indicates the potential drop in volts
across the entire resistance or set of resistances within
the tube when current through the connected heater
circuit is 0.3 ampere and when the resistor is operating
at normal temperature for this current. This is the hot
resistance. The cold resistance will be lower.

The letter following the number indicates the internal
connections of the tube as shown by the similarly let-
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tered diagrams of Fig. 11-16. Thus, the designation 424
indicates the internal connection shown by diagram A4
for an octal base, and indicates that the potential drop
across the resistance from pin 3 to pin 7 is 42 volts when
the current is 0.3 ampere.

A letter X preceding the number in the designation
indicates a 4-pin base. For example, placing the letter X
before the designation 424, making X424, would indi-

Fig. 11-16. Base connections and letter designations of ballast tubes.
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cate a potential drop of 42 volts in a 4-pin tube having
the internal conncction shown by diagram X-A.

Letters K, L or M preceding the number indicate the
type of pilot lamp or dial lamp connected across some
of the resistance elements in the tube.

K No. 40 or 40A lamp. 6-8 volts, 0.15 amp.

L No. 44 or 46 lamp.  6-8 volts, 0.25 amp.

M No. 50 or 51 lamp.  6-8 volts, 0.20 amp.

As an example, the designation K42B indicates the use
of a No. 40 or 40A lamp, a tube having the internal
connections shown by diagram B of Fig. 11-16, and a

otential drop of 42 volts across both sections of the
Internal resistance (pin 3 to pin 7) when the current
through the externally connected circuit is 0.3 ampere.

A Jletter B preceding the lamp designation letter
(K, L or M) indicates that there is a ballast action in
the lamp section of the tube. Thus the designation
BK /2B means a tube having ballast action on the lamp
section, designed for use with a No. 40 or 40A lamp,

40 Ohms 120 Ohms

0.15 amp.

volits volts amp.

0.15 amp.

400 Ohms
Fig. 11-17. Circuit through a ballast tube with pilot lamp connected.

Lamp

having a total potential drop of 42 volts when operating
normally, and having internal connections shown by
diagram B.

In this tube having ballast action on the lamp section
the cold resistance between pins 7 and 8 (diagram B)
is 15 ohms and the hot resistance is 40 ohms. When the
No. 40 or 40A lamp operates at 6.0 volts and 0.15 ampere
its hot resistance is R = E/I =6.0/0.15 = 40 ohms. As
shown by Fig. 11-17, the hot resistances of 40 ohms each
in the lamp and resistance are in parallel, so their
parallel resistance is 20 ohms and the potential drop is
6 volts. The resistance between pins 8 and 3 is 120 ohms,
making a total resistance of 20 + 120 = 140 ohms from
pin 7 to pin 3. Current between pins 7 and 3 is 0.3
ampere, half flowing through the resistance from pin 7
to pin 8 and half through the lamp. With a current of
0.3 ampere through 140 ohms the potential drop is
E—=1IR =03 X 140 =42 volts, which is the rated po-
tential drop of this ballast.
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As shown at the top of Fig. 11-18, ballast tubes may
have jumper connections of zero resistance between octal
base pins 3 and 4, 3 and 4, or 6 and 7. Any of these
jumpers may be indicated by the letter J on the right-
hand end of the designation.

The three lower diagrams of Fig. 11-18 show internal
connections for ballast tubes having octal, 5-pin, and
4-pin bases as used with 2-volt tubes operated from a
3-volt dry battery. With the battery voltage varying
from an initial 3.4 volts to a final 2.2 volts during battery
life the ballasts having an average voltage drop of 1.0

e P ]

Fig. 11-18. Jumpers in ballast tubes (top) and ballasts for 2-volt
tubes (bottom).

volt maintain tube filament potential between 2.2 and 1.8
volts. These ballasts are rated for total load currents
as follows:

BALLASTS FOR 2-VOLT FILAMENT TUBES
TYPE Amperes  Base Pins TYPE Amperes  Base Ping

1A1/5E1 0500 4 1K1 0.550 4
1B1 .360 4 1R1G 540 octal
1C1 745 4 1T1G 560 octal
1D1 240 4 1X1 .780 4
1E1 480 4 1Y1 540 4
1F1 720 4 171 900 4
1G1 420 4 6 685 4
1J1 620 4

Ballasts with internal connections shown in the lower
row of Fig. 11-18 are made also for AC-DC receivers
and for receivers operating from d-c supply lines. Types
and average voltage drops are as follows:
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BALLASTS FOR A-C-D-C AND D-C RECEIVERS

Current Volts Base Amperes  Volts Pins

TYPE Amperes Drop Pins TYPE Current Drup Base
46A1 0400 46.1 b 4 0400 1150 4
46B1 300 46.1 5 5 460 1150 4
7 300 1760 4
2 300 90 4 8 300 1320 4
3 300 1280 4 9 300 50.0 4

Tubes listed in the table, Current Regulator Tubes,
are ballast tubes designed for maintaining a nearly con-
stant load current with considerable variation of supply
voltage, which may be either alternating or direct.
These tubes, or some of them, may be connected in
series with the primary winding of power transformers
to maintain a nearly constant primary current and a
consequent nearly constant secondary voltage to the
load. The primary of the transformer must be designed
to operate at an a-c voltage equal to the difference
between the average line voltage and the average voltage
drop in the regulator tube. For example, with a 117-volt
a-c supply line and a regulator having a voltage range of
20 to 30, an average drop of 25 volts, the transformer
primary is designed for 117 — 25 =92 a-c volts. These
tubes are used also in series with filaments or heaters of
electronic tubes to maintain a nearly constant current
and voltage drop with variations of filament or heater
supply voltage. They may be used too for maintaining
a fairly constant during discharge,

Pilot Lamps.—The table, Pilot, Panel or Dial Lamps, lists
the principal characteristics of such lamps used for radio
receivers, testing mstruments tuning meters, automobile
panelboards and coin operated machines. The design
voltages and currents are employed in_determining volt-
age drops and current requirements. Note that a nom-
inal 6-8 volts rating apphes to lamps with design volt-
ages of 6.3, 6.5 and 7.5 volts. Lamps with 2.9-volt ratings
are used as replacements in 2.5 volt circuits when other
lamps burn out too frequently.

On the heaters of certain rectifier tubes used in AC-DC
receivers are taps between which and the end of the
heater may be connected a pilot lamp as shown by Fig.
11-19. These tubes mclude types 35Y4, 35Z5, 40Z5 45Z5
and 50Z7.

Plate current for the rectifier flows from the upper
side of the a-c line through the pilot lamp and the
tapped section of the heater in parallel. A lamp shunting
resistor Ra is used when the d-¢ output current exceeds
60 milliamperes. Resistances R in series with the rectifier
heater consist of the series connected heaters of other
tubes and of an additional fixed resistor if required to
limit the heater current to the rated value for the tubes:




TYPE

25
46
47
50
710
711
712
788
876
886
896

TYPE
No.

40
40A
41
42

43
44
45
45

47
48
49

49A
50
51
55

292
2924
1455
1455A

CURRENT RECULATOR TUBES

TUBE DROP CURRENT CHANGE AMPS. PER VOLT
Approximate

Volts Amperes
105 to 125 1.240 to 1.360
15 to 21 0.950 to 1.010
3 to 10 0.500 to 0.530
7 to 16 1.070 to 1.160
8 to 18 2.700 to 3.250
8 to 18 2.050 to 2,350
5to8 0.225 to 0.275
20 to 30 0.225 to 0,275
7 to 11 0.473 to 0.531
19 to 25 0.468 to 0,532
9 to 18 0.225 to 0.275
40 to 60 1.675 to 1.725
40 to 60 0.225 Yo 0,275
5 to 8 0,225 to 0.275

0.0060
.0100
.0043
. 0100
. 0550
. 0300
. 0167
. 0050
.0145
. 0107
. 0055
. 0025
.0025
.0167

PILOT, PANEL OR DIAL LAMPS

BASE
Type

Screw
Bayonet
Screw
Screw

" Bayonet

Bayonet
Bayonet
Bayonet

Screw
Bayonet
Screw
Bayonet

Bayonet
Screw
Bayonet
Bayonet

Sorew
Bayonet
Screw
Bayonet

BULB VOLTAGE DESIGN
Type  Nominal  Volts Amps.
T-3% 6-8 6.3 0.15
T-&% 6-8 6.3 0.15
-3 2.5 2.5 0.50
1-3% 3.2 3.2 0.35
T-3% 2.5 2.5 0.50
T-% 6-8 6.3 0.25
T-3 3.2 3.2 0.35
T-3% 3.2 3.2 0.50
T-3% 6-8 6.3 0.25
-3 6-8 6.3 0.15
T-:’»i 2.0 2.0 0.06
T-33 2.0 2.0 0.06
T-3% 2.1 2.1 0.12
G~ 5-8 7.5  0.20
G~ 6-8 7.5 0.20
G~43 6-8 6.5 0.40
T-3% 2.9 2.9 0.17
T—sg 2.9 2.9 0.17
G~5 18 18.0 0.25
G~5 18 18.0 0.25

BEAD
Color

Brown
Brown
White
Green

White
Blue

White
Green

Blue
Brown
Pink
Pink

White
White
White
White

White
White
Brown
Brown
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Rectifier types 35Y4, 35Z5, 40Z5 and 45Z5 are de-
signed for use with a pilot lamp having design voltage
of 6.3 and current of 0.15 ampere, types 40, 40A or 47.
With the normal heater current of 0.15 ampere for these
rectifiers, the pilot lamp voltage across the tapped section
of the heater is 5.5. If the lamp burns out or is removed
from its socket, the voltage across the tapped section of
the heater becomes 150 maximum. In designs having no
pilot lamp across part of the heater the voltage of the
tapped section is 7.5. A resistance of at least 25 ohms
then is connected in series with the rectifier plate.

Resistor Ra has resistance of 300 ohms for a d-¢ out-
put of 70 milliamperes, 150 ohms for 80 milliamperes, and
100 ohms for 90 milliamperes. Maximum resistances for
the three currents are respectively 800, 400 and 250 chms.

The 50Z7 rectifier is similarly designed, but furnishes
a maximum of 2.5 volts across the tapped section of the
heater for operation of pilot lamps types 292 or 292A.
This rectifier is used with its two plates in parallel and

@Lpi lot Lamp
l N"A""‘\ﬂ
A-C Ra
Line Tap +
To
Filter

Fig. 11-19. Pilot lamp connection for rectifier of AC-DC receiver.

its two cathodes in parallel for half-wave rectifier service,
and with resistors in series with each plate to insure
equalizing the currents in both sections of the tube.

Series Heaters.—F'ig. 11-20 shows a typical series heater
circuit for a 5-tube AC-DC receiver. The rectifier is a
35-volt heater type used on a 117-volt a-c or d-c line
supply without a transformer, usually with the pilot lamp
connections of Fig. 11-19. The other tubes consist of a
converter, an i-f amplifier, and a double-diode triode
acting as detector, automatic volume control, and a-f
amplifier, all these having 12.6-volt heaters, and finally
a power tube having a 50-volt heater. Since all of the
heaters are connected in a single series circuit, all must
carry the same current which, with tubes most often
used, is 0.15 ampere. The total of the rated heater volt-
ages for the five tubes is 122.8 volts, and at the design
center line voltage of 117, operation is at about 95% of
rated heater voltages.

The order of heaters in the “string” usually is shown
on wiring diagrams as indicated just below the large dia-
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gram of Fig., 11-20. Invariably the rectifier is at one
end of the string, and the detector a-f amplifier is at the
other end. The detector a-f amplifier always is at the
grounded end of the heater string, because this is the
tube most sensitive to a-c hum voltage. The rectifier
and power amplifier are least sensitive to a-c hum, so
are placed at the ungrounded end of the string. As
shown by the lower simplified heater diagrams, the i-f
amplifier and converter may be connected in either order
belt)ween the power tube and the detector a-f amplifier
tube.

Detector,
I-F, AVC, and Power

Converter Amplifier A-F Amplifier Amplifier

12.6 V, 126 V,

£\ A
R =C
BT
A-CLine - © Pilot
35v.
Rectifier

Rect.  Power I(-\F Conv. Det-A-F

Rect. Power Conv. 1-F Det-A-F

Fig. 11-20. Typical series heater circuit for AC-DC receiver.

While the heater arrangements of Fig. 11-20 are gen-
erally used, others are possible. For example, a double
diode pentode may be used as a_detector and i-f am-
plifier, being connected next to the power tube in the
string, with a separate a-f amplifier at the grounded end.

A typical 6-tube AC-DC receiver uses a rectifier and
a power amplifier tube, both having 35-volt heaters, with
tuges having 126-volt heaters for r-f amplifier, con-
verter, i-f amplifier, and a double-diode triode or pentode
for detector, ave, and a-f amplifier. Commonly used
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heater strings for series heaters are shown by diagrams
1, 2 and 8 of Fig. 11-21. At the ungrounded end of the
string comes first the rectifier and then the power am-
plifier, followed in various orders by the r-f amplifier,
i-f amplifier, and converter, with the detector a-f am-~
plifier at the grounded end of the string. )

In 6-tube receivers having separate oscillator and
mixer, and no r-f amplifier, the heater arrangements
often are as shown by diagram 4 of Fig. 11-21. The
oscillator may precede the mixer tube, or the mixer may

Rect. Power LF R-F  Conv. DetA-F
N AN NN

@ 35v. 3By,  12v.  12v 12v. 12w T
F

Rect. Power R-F Conv I.F DetA-

35v. 3Sv. 12v 12v. 12v 12v
T

Rect. Power I-F Conv. R-F  DetA-F

YL AN AN

@ 3sv. 35w 12v. 12w v, R2v|F

Rect.  Power I-F f,’:g%?{%’, Det A-F

@ 35v 3%v.  12v. 12w 12v. 12w T
Fig. 11-21. Series heater strings used in six-tube AC-DC receive:s.

precede the oscillator. Many other heater arrangements
are possible, and are used, but those shown represent
the more common circujts. Except in rare instances, the
detector a-f amplifier always is at the grounded end of
the heater string. The ground connection ordinarily is
made through a capacitor of 0.02 mfd. or greater capaci-
tance rather than through a conductive connection, thus
avoiding the possibility of short circuiting the a~¢ supply
line should the line plug be inserted the wrong way in
its receptacle.
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Some receivers having tube heaters in series are de-
signed for operation only on a-c power, with the series
heaters supplied with current from the secondary wind-
ing of a power transformer. Other receivers with series
heaters are so designed that rectifier plate voltage is
raised by a transformer which acts on alternating current
supply while the heater string is across the supply line.

Resistors for Series Heaters.—When the total of the volt-
age drops through all the heaters in a series string is
not as great as the a-c supply line voltage it is necessary
to insert additional resistance in series with the heaters
to make the total voltage drop across this resistance
and all the heaters equal to the line voltage. For pur-
poses of design the a-c line voltage is assumed to be
117, The required extra resistance is determined from
the formula,

El—Eh
Rs h

El Supply line voltage; usually 117.

Eh Sum of heater voltages of all tubes with heaters
in series.

Ih Heater current, amperes. The heater current is
the same for all the heaters connected in series.

Rs Resistance, ohms, to be added in series with
heaters.

Resistances computed from the formula usually turn
out to be of values not available in standard units.
Usually it is satisfactory to ‘use a standard resistor of
the nearest value, since the small difference in total
resistance across the supply line will not make much
difference between actual and rated heater currents.
The accompnaying list, Series Resistors in 0.16-ampere
Heater Strings, shows m columns A to F six combina-
tions of resistances and heater voltages used with tubes
having a rated heater current of 0.15 ampere.

The top three lines of the list show the rated heater
current, 0.15 ampere, the added fixed resistance in ohms,
and the voltage drop in the resistor were the current
actually 0.15 ampere. To this voltage drop is added the
sum of the rated heater voltages for the tubes. The
combinations shown in the list Include various numbers
of heaters having rated voltages of 500, 35.0, 12.6 and
6.3. The sum of the voltage drops thus computed for a
current of 0.15 ampere always is a little less than or a
little more than 117 volts. The total resistances of the
tube heaters and added resistors would be 780 for a
current of 0.15 ampere with 117 line volts. Actually
the total resistance always is a little more or less than
780 ohms.

Series strings of heaters rated for heater current of
0.3 ampere may have added fixed resistors to provide
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SERIES RESISTORS IN 0.15-AMPERE HEATER STRINGS
Rated heater A B C D E F
amperes, 1 0.15 0.15 0.15 0.15 0,15 0.15

Added resistor
ohms, R 80 60 47 190 233 120

Resistor volts
drop, B =IR 12,0 9.0 7.1 28.5 35.0 18.0

Rated 35.0 35.0 35.0 50,0 35.0 50.0
voltage 50.0 35,0 50,0 12.6 35.0 50.0
drops in 6.3 12,6 12.6 12.6 12.6
heaters. 6.3 12.6 12.6 12.6

6.3 12.6
Total volts
drop at 0.15
ampere’ 115.9 116.8 117.3 116.3 117.6 118.0

Total resist-
ance, ohms 772 778 781 775 783 786

any additional required voltage drop between the line
voltage and the total rated voltages of the heaters.
Frequently tubes of this type are provided with addi-
tional resistance in ballast resistors or ballast tubes which
are designed for a current of 0.3 ampere. Pilot lamps
usually are connected across one or more sections of
the ballast resistance. The voltage drop across the pilot
lamp section or sections is equal approximately to the
design voltage of the lamp or lamps. The voltage drop
across the remainder of the ballast resistance is equal
approximately to the /R drop in this section with rated
heater current of 0.3 ampere. The total of rated or com-
puted voltage drops in the series heaters and the bal-
last system will be somewhat more or less than 117
volts, just as with the 0.15 ampere heater strings pre-
viously explained. When checking the cold resistance
of ballast sections it should be kept in mind that the
hot resistance will be considerably higher, and that the
hot resistance will be in parallel with the resistance
of a pilot lamp connected across the section.

The power in watts dissipated by an added resistor
.is equal to the product of voltage drop in the resistor
by current in amperes (P = EI), or is equal to the
product of the square of the current in amperes by the
resistance in ohms (P =TI*R). The rated wattage of
the resistor should be double or more the computed
number of watts, this to avoid overheating of parts near
the resistor when installed. .

Tube Substitutions with Series Heaters.—In some cases it is
possible to replace in a series heater string a tube hav-
Ing a certain heater voltage and current with another
tube having a different heater voltage, different cur-
rent, or both. Eight cases are represented by Fig. 11-22,
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R which may be a separate fixed resistor, a ballast ele-

where are shown a string of four heaters and a resistor
ment, or resistance in a line cord. There might be fewer
heaters or more heaters in actual apparatus. The tube
which is assumed to be replaced is indicated by a heavy-
line filament. As marke(F at the left of each diagram,
the new tube or the tube which replaces an original
tube, may have the same heater voltage, Same E, less
heater voltage, Less E, or more heater voltage, More E,
and may have the same, less, or more heater current
as marked Same I, Less I, or More I, .

Letter symbols used on the diagrams and in following
formulas are as follows:

E  Heater voltage when no change in voltage is
made. Or, the greater of two heater voltages
when a change is made in voltage.

e  The smaller of the two heater voltages when a
change is made in voltage.

Ea, Eb, Ec Rated voltages of heaters of other tubes
in the string.

Er Voltage drop across the original series resistor R.

I  Heater current when no change of current is
made. Or, the greater of the two heater cur-
rents when a change is made.

i The smaller of the two heater currents when
there is a change of current.

R Resistance, ohms, of original series resistor.

Roe Resistance, ohms, of added resistor shunting
original resistor R.

Rb Resistance, ohms, of added resistor shunting
both the original series resistor R and one or
more tubes at one side of the substitute, or
shunting tubes alone when there is no series
resistor.

Rec Resistance, ohms, of added resistor shunting all
tube heaters beyond the substitute tube.

Rd Resistance, ohms, of added resistor shunting one
or more heaters, but not the original series
resistor R.

Rn Resistance, ohms, of new resistor or resistance
element used to replace the original series re-
sistor R.

Rp Resistance, ohms, of resistor added in parallel or
shunt with the substitute tube.

Rs Resistance, ohms, of resistor added in series with
the heater of the substitute tube.

Formulas and solutions for the several cases are as
follows, The table, Resistances of Heaters, lists resist-
ances in ohms of the heaters operated with various
rated voltages and currents. These values are conven-
ient for checking computations.
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RESISTANCES OF HEATERS

Rdted Heater Voltage

CURRENT
Amperes 6.3 12.6 25 35 45 §0 70 117
0.04 2925
.075 600 1560
.09 1200

0.15 42 84 167 233 300 333 467 780
175 36
. 225 28 56

0.3 21 42 83.3 117 167
- .4 15.8
.45 14 28
0.5 12.6
.6 10.5 21
.66 9.7
0.7 9.0
.75 8.4
.8 7.88
0.85 7.42
0.9 7.0
1.0 6.3
1.1 5.73
1.2 5.25
1.25 6.04

1. Same voltage but less current for heater of substitute
tube. A resistor Rp is shunted across the heater to carry
the additional current flowing through heaters of other
tubes. =

I—2

Ezample—Replace a tube having a 12.6-volt, 0.3-
t}a,lmpere heater with one having a 12.6-volt, 0.15-ampere
eater.

Rp=

030 — 015 0.15

2. Less voltage but same current for heater of substitute
tube. A resistor Rs is connected in series with the
heater to provide the additional required voltage drop
at this point.

_E—e
Rs = 7

Example—Use a tube having a 6.3-volt, 0.15-ampere
heater instead of one having a 12.6-volt, 0.15-ampere

heater.
RS:M: Eﬁ_: 42 ohms

0.15 0.15
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Same E @ R
Less I
Rp
less E @
Same ]
Rs

Less I P
AN A : Rs A A
. Rp
Ea Eb Ec
Same E @ B
More I !
Rb Re ]
R Ea Eb Ec
Less E @
Rb Re
R
] v
Same 1 ]
Ra
" € @ R Ea Eb Ec
ore
More 1
Ra Rd Re
R
More E
Less 1
Ra Rp

Fig. 11-22. Resistor changes which permit tube substitutions when
heaters are in series.



POWER SUPPLY FROM A-C OR D-C LINES 241

3. Less voltage and less current for healer of substitute
tube. Because of the smaller voltage drop in the new
heater it is necessary to connect a resistor Rs in series
to use the extra voltage at this point. Because of the
smaller current it is necessary to use a shunting resistor
Rp to carry the excess of current flowing through other
heaters in the string. With resistors connected as in
diagram 34, resistors Rp and Rs are selected as follows:

E—e

Rp=-2F¢ Rs=

P=T= =TT
Ezample—SBubstitute a tube having a 6.3-volt, 0.175-

ampere heater for one having a 12.6-volt, 0.3-ampere

heater.
6.3 6.3
Rp=- = = 504 oh
P =300 — 0.175 — 0105 — 04 ohms
RS:M—@:21 ohms

03 T 03

With resistors connected as in diagram 3B the resistors

are sglected thus:
Rp :L Rs = E__-e
11— )

Ezample—Assume the same substitution as for dia-
gram 34. That is, the change is from 126 volts and 0.3
ampere to 6.3 volts and 0.175 ampere.

126 12,6
Rp = 5300 — 0175 — o125 — 101 obms
126 —63 _ 63
=£2—99 — Y9 —360oh
0175 0175 ohms

4. Same voltage but more current for heater of substi-
tute tube. To carry the extra current around other tubes
and a series resistor R, if used, these other elements
must be shunted with resistor b ahead of the substi-
tute tube and with resistor B¢ for all tubes following
the substitute. If the original voltage drop in R is
known this drop Er is used directly in one of the fol-
lowing formulas. If the original current and resistance
in R are known they should be changed to equivalent
voltage drop, which is equal to IR, or to amperes multi-
plied by ohms.

Rb:Er—{-Ea Rc:Eb—{-Ec—.{-etc.
I —3 I—1

Example—Use a tube bhaving a 35-volt, 0.3-ampere
heater instead of one having a 35-volt, 0.15-ampere
heater. Assume the original voltage drop in R to be
44 volts, and to be 126 volts in each of the heaters
FEa, Eb and Ee.




242 COYNE RADIO HANDBOOK

_ 444126 _ 566
Rb=530—015 — 015

: 126 4+ 126 _ 252
¢ = =T 27 — 292 — 167 ohms
Re= o015 =015~ 107 °

5. Less voltage and more current in heater of substitute
tube. To permit flow of the extra current around other
tubes and a series resistor R, if used, it is necessary to
shunt these other elements with resistors Rb and Rec
just as in case 4. To reduce the heater voltage on the
substitute tube it is necessary to connect in series with
it a resistor Rs to provide the needed voltage drop at
this position. Resistances at Rb and Rc are computed
just as in case 4, while resistance Rs is computed as in
case 2.

rp=ErtFa p,_EbtEe p,_E—e
I1—3 I—1 1

Ezample—Substitute a tube having a 35-volt, 0.3-
ampere heater for one having a 50-volt, 0.15-ampere
heater. Assume that series resistor R originally carries
0.15 ampere and has a resistance of 46 ohms, that Ea
is 35 volts, and Eb and Ec are 126 volts each. The
first step is to determine the voltage drop in R.

Er = 0.15 X 46 = 69 volts
Then the known values are used in the formulas.

_ 69435 _ 419 _omo b
Rb = 0015 — o015 — >0 ohms

Re= 126 4126 _ 252 _ 167 ohms

030 —0.15 0.15
50—35_ 15

= = 22 = 50 ohms
Rs="F5 =gz~ °

6. 7 and 8. These are cases requiring more voltage for
the heater of the substitute tube than for the orginal
heater, which means more total voltage drop in the
heaters of all the tubes. If the rated voltage drops of
all the original heaters together total approximately
117 volts, no additional voltage is available and the
substitution cannot be made. If there is extra resist-
ance R in a separate resistor, a ballast, or a line cord,
and if the voltage drop in this resistance is e?ual to
or more than the extra heater voltage needed for the
substitute tube, the change can be made. Sometimes it
is convenient to shunt the original resistance R with
an added resistance Ra, and again it may be more con-
venient to replace the original resistance R with a new
and different resistance Rn.

6. More voltage but same current for heater of substi-
tute tube. When the known values are the resistance
of R and the heater current /, the resistance of a new
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resistor Rn and of a shunting resistor Ra may be found
as follows:

—IRB—(E—e) __RRn
=== B=p_m

Ezample.—A tube having a 25-volt, 0.3-ampere heater
is to be replaced with one having a 35-volt, 0.3-ampere
heater. The resistance of the original series resistor
R is 106 ohms.

_03 X106 — (35 —25) __ 318 —10 — 727 oh

Rn = 03 =0z efonms

To determine the value of a shunting resistor Ra with
the formula given it is necessary first to determine the
resistance Rn, which has been found to be 72.7 ohms.
Using this value in the formula for Ra gives,

_ 106 X 727 __ 7706
Ra = 06— 727 — 333 = 2314 ohms

When the known values are the voltage drop Er in
resistor R, and the current I, the values of Bn (a re-
placement resistor) and Ra (a shunting resistor) may be
found as follows. Again it is necessary to determine
the resistance Rn before using the formula for Ra.

Er —(E—e) Er Rn
Rp=—2"T"1277F0/ Ra=__5Tan
" 1 “=Er—(IRn)
Ezample—Make the same tube change as in the pre-
ceding example; from 25-volt, 0.3-ampere to 35-volt,
03-ampere heater. The voltage drop Er in original re-
sistor R is 32 volts. ’

32— (35—25) 3210
Rn = (0.3 2 = 03— = 733 ohms

Ra— 32 X 733 2346
T32—-(03x733) 3222
7. More voltage and more current for heater of substi-
tute tube. The extra voltage for the substitute heater
must be taken from the original voltage drop in resis-
tor R, either by replacing B with a new resistor Rn,
or else by shunting R with a resistor Ra. The values for
Rn and Ra are computed with formulas similar to those
used for case 6, emlploying either the known resistance
E or the known voltage drop Er. Note, however, that
the first formula for Rn and the second one for Ra em-
ploy in one term the smaller of the two currents, 7, rather
than the larger current I. .
R =iR—(E—e) Ra— R Rn
" i =% _Rn
Rn:E‘r—(E—e) Ra Er Rn

1 " Er— (i Rn)

= 2346 ohms
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Ezample.—Substitute a tube having a 12.6-volt, 0.6-
ampere heater for one having a 6.3-volt, 0.3-ampere
“heater. The resistance of R is originally 37 ohms. With
R known, the first formulas for Rn and Ra are used
thus:

Rn =0.3 X 37— (126—63)_ 111 —6.3

06 06

4.8 .
=06= 8 ohms for replacement resistor.

Ra = g‘;—f_g = % = 10.2 ohms if shunt used.
When the known value is the original voltage drop
Er in resistor R, the second formulas are used. Assum-
ing that Er is 11.1 volts the computation is,

Rn—111—(126—63) _ 48
06 0.6
111 X 8 88.8
Raem— 222 A9  —222 — 102 ohm:
T1—(03x8 87 onms
To carry the extra current around other tubes in the
string it is necessary to use shunting resistor Rd around
any tube or tubes on one side of the substitute, and
shunting resistor K¢ around all tubes on the other side.
The requirements are similar to those in cases 4 and 6.

Rd— Ea. RC:EI)—{-EC—'{-etc.
I —2 I —z

=

— 8 ohms

Ezample—Continuing with the substitution for which
Rn and Ra have just been computed in this case, 7,
assume that heater voltage Ea is 50 and that heater
voltages Eb and Ec¢ are 25 volts each. As for the pre-
ceding computations, the larger current I is 0.6 ampere
and the smaller one 7 is 0.3 ampere.

50 50
d=—"" - " —1
Rd =06 —03 —03— 167 ohms
_ 25425 _ 50 _
Re=06—03 —03 167 ohms

8. More voltage but less current for heater of substitute
tube. The additional voltage drop in the substitute
heater must be deducted from the original voltage drop
in resistor R, just as in cases 6 and 7. This may be nc-
complished by replacing R with a new resistor Rn hav-
ing less resistance, or by shunting R with a resistor Ra.
The excess current that must continue to flow thrbugh
heaters other than the substitute is carried around the
substitute heater by a shunting resistor Rp.
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Rn:IR—gE—e) Ra= R Rn

“R—Rn
_Er—(E—e) _  ErRn
En= 1 Ra= o =T By
_E
r=r=

In using these formulas the difference should be noted
between greater and smaller voltages, E and e, and be-
tween greater and smaller currents, I and <.

Power Ratings for Resistors—Having determined the re-
sistances in ohms required for the various series resistors
Rs, for resistors which are to replace original unit R, and
for shunting resistors Ra, Rb, Re, Rd and Rp, it then is
necessary to determine the required wattage ratings for
these resistors. -

P=r JP=EE
B R
P Actual power dissipation, watts.
I Current, amperes, through resistor.
E Voltage drop, volts, across resistor.
R Resistance, ohms, of resistor.

To avoid overheating, the wattage rating of resistors
used should be double or more than double the actual
watts dissipation as computed. If the resistors are in-
stalled close to other parts and where there is little
chance for air circulation, the wattage rating may have
to be three or more times the computed dissipation.

Instead of using the formulas for power dissipation,
the number of watts may be determined from the power
charts in an earlier section of the Handbook.




Section 12
POWER SUPPLY WITH BATTERIES

The standard RMA color code for battery cables is as
follows. Many other color arrangements are in use.

Red A4 Yellow B—

Black A— Brown C+4-

Blue B+ Orange C— inter-

White B+~ inter- mediate
mediate Green C-—

Receivers with Batteries Only.—The tubes having filaments
rated at 1.4 volts commonly have the filaments in paral-
lel with one end of each grounded, and are supplied
from one or more 1.5-volt dry cells connected in parallel.
During the life of such a battery the maximum voltage
is assumed to be 1.6, the design center voltage 14, and
the minimum or end voltage 1.1. Filament operation
usually is without any series resistor or ballast, but the
filament voltage may be dropped by a series resistor
using about 0.08 volt with a battery voltage of 1.50.
When I is the total current in milliamperes for all tubes,
the series resistance R in ohms is,

R— 80

1

Filaments rated at 2.0 volts require an adjustable re-
sistor or rheostat when operated from a nominal 3.0-volt
dry battery. Such filaments may be operated from one
cell of a lead-acid storage battery without a series re-
sistance. Air-cell batteries used for 2.0-volt filament
tubes have an open circuit voltage of 2.8, which de-
creases while the battery furnishes current. To main-
tain a satisfactory filament voltage a series resistor is
used, which, in combination with the resistance of the
battery cable, provides a drop of about 04 volt. When
R is the combined resistance of the resistor and cable,
and I is the total filament current in milliamperes,

=490
B=7

Tubes having 6.3-volt heaters conngeted in parallel
may be operated from a 3-cell lead-acid storage battery
without any series resistance. The maximum voltage of
such a battery while being charged should not exceed
75 volts, the open circuit voltage is approximately 6.3
volts, and during normal discharge to a heater load
the battery voltage should not drop below 5.7 volts, at
which the tubes still will operate satisfactorily.

246
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Receivers operated from a 32-volt farm light battery
usually are of types in which the heater current is 0.3
ampere. The heaters are connected in series. The de-
sign voltage of such a battery is 32 volts. The usual
minimum is 28 volts and the maximum 40 volts.

A-C-D-C-Battery Receivers.—Many receivers having a
total of five, six, or seven tubes are designed for opera-
tion at the user’s choice either from a-c line power, d-c
line power, or battery power. A typical filament and

Detector Power
Converter I-F AVC- A-F Amplifier

Fig. 12-1. Power supply and filament circuit for typical Ac-Dc-
Battery receiver.

ower circuit for such a “three-way power” set is shown

y Fig. 12-1.

The rectifier tube rectifies a-¢c line voltage, which
then is filtered by the combination of resistors Ra and
Rb, and capacitors Ca, Cb and Cc¢ for the plate and
screen power supply, and by resistor Ra with capacitors
Ca and Cb for the filament supgly. On d-c line supﬁ)ly
the rectifier passes the steady d-¢ current, which then
flows through the resistors used for a-c filtering.

Switches 1, 2 and 8 are placed in their full-line posi-
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tions for either type of line power supply, and in their
broken-line positions for battery power supply. The
self-contained battery is indicate(f by its terminals
marked B+, —, and A4. Switch I makes connections
from the power supply to the B4 circuits in the re-
ceiver, switch 2 makes connections for A4, which is the
positive end of the filament circuit, and switch 3 makes
connections to B— and A—.

The receiver tube filaments, connected in series, usu-
ally are of the types taking 0.05 ampere at 1.4 volts.
The power amplifier tube of Fig. 12-1 has two filament
sections which are connected in series, each section tak-
ing 14 volts. Resistor Rc¢, shunted between the filament
center tap and the negative end, bypasses plate and
screen currents which otherwise would increase the total
cathode or filament current beyond the rated maximum
value for the tube. When plate and screen currents
from other tubes ggld to the cathode current of the
power tube, through their return circuits, an additional
resistor Rd may be needed across the two sections of
the power tube filament.

Grid returns, indicated by broken lines in the receiver
portion of the diagram, are, of course, connected to the
negative end of the filament of each tube. Tubes other
than the power tube often are of types designed for
operation with zero fixed bias and with increase of nega-
tive bias through an automatic volume control system.
The power tube grid return may go to a point in the
series filament circuit which is more negative than the
negative egd of the tube filament, as shown by Fig. 12-1.

In some three-way power receivers the rectifier tube
is a full-wave type with its two sections connected in
parallel to increase the rectified current. In other sets
the rectifier may have two insulated plates and cathodes,
a rectifier-doubler type, with one plate and its cathode
used for the BB-supply, and the other plate and cathode
used for the filament supply. The power amplifier tube
nearly always is at the positive end of the filament
string, following the rectifier. Various orders are used
for the remaining receiver tubes.

Vibrator Power Supply.—Wherever there is available only
a low-voltage source of direct current, such as the bat-
tery of an automobile. and it is desired to have high-
voltage direct current for the plate and screen circuits,
the voltage may be raised by using a vibrator, a trans.
former, and a rectifier tube. or else by using two vibra-
tors and a transformer, without a rectifier tube.

The principal parts of a B-supply system using a vibrator
and rectifier tube are shown by Fig. 12-2. Consider that
flow of eurrent is from the grounded terminal of the bat-
tery to the grounded terminal of the vibrator, through the
magnet coil inside the vibrator, through the lower half
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of the transformer primary winding, the filter chokes
La and Lb, the switch, the fuse, and back to the un-
grounded terminal of the battery. The vibrator magnet
attracts the flexible reed to the right, closes the right-
hand pair of contacts to short circuit the coil, thus
releasing the reed and allowing it to swing to the left
and close the left-hand pair of contacts. The reed con-
tinues to swing back and forth, or to vibrate, and close
the pairs of contacts alternately. Battery current flows
alternately through the lower half and the upper half
of the transformer primary. flowing in opposite direc-
tions in the two halves, and inducing in the secondary

Transformer .

To Filter

ond B+
Rectifier

Pri. Sec. To Heaters or

Filaments
To Speaker

Lo Lb Fﬁ'l’eld
Fuse

Spark L

Plote T :[COIC[‘)

Battery

Fig. 12-2. Typical B-supply circuit with non-synchronous vibrator
and rectifier tube.

winding of the transformer an alternating potential and
current at a voltage which is raised by the step-up
ratio of the transformer. The high-voltage alternating
potential is passed through the full-wave rectifier tube
to cause flow of high-voltage pulsating current from the
rectifier cuthode through the usual filter system to the
plate and sercen circuits of the receiver. The type of
vibrator having only the single pair of contacts, used
with a rectifier tube, is called a non-synchronous vi-
brator.

The filter system between battery and transformer is
for the purpose of preventing high-frequency or radio-
frequency interference from the buttery-charging genera-



250 COYNE RADIO HANDBOOK

tor and ignition system from entering the B-supply and
tube heater system. Choke Lb may consist of 40 or
more turns of large gage wire on a form an inch or less
in diameter. Choke La usually is of two or three milli-
henrys inductance. The filter capacitors may be of 0.1

3

Fig. 12-3. Internal connections to base pins for non-synchronous
vibrators.
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to 1.0 microfarad capacitance, or of other values found
suitable by experiment. All of the parts of the vibra-
tor power supply, including the wiring leads, must be
well shielded to prevent objectionable radio-frequency
interference, called “hash.”

Vibrators commonly are mounted on bases similar to
the bases of radio tubes, with connections made through
the base pins. Internal connections and pin arrange-
ments for fifteen styles of non-synchronous vibrators
are shown by Fig. 12-3. The numbers on the diagrams
are arbitrary, and have no significance other than ag a
means of identification in this book. In most cases only
the reed and contacts are indicated by the diagrams.
Diagram 3 shows the same vibrator as used in Fig. 12-2.

To Filter

Transformer ond B+
. Selc.
—_ Ca
: Cb )

To Heaters or
Filaments

Filter I to Battery

< <

Vibrator

Fig. 12-4. Typical circuit for a synchronous vibrator.

Broken line connections for grounds on the vibrator
housing may or may not be used. Double reeds, as in
diagram 9 are mechanically tied together so that they
vibrate in unison. In diagram I0 there is an additional
§(tﬁ.rting contact closed on the reed with the vibrator
idle.

The rectifier tube used with a non-synchronous vibra-
tor may be of either the hot-cathode type or of the cold-
cathode type. The cold cathode 0Z4 rectifier tube often
is used. Non-synchronous vibrators with tube rectifiers
ordinarily are used to provide higher B-voltages and
currents than taken from synchronous types, although
there will be some synchronous types operating at higher
voltages and currents than found with some non-
synchronous types. Non-synchronous systems usually
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operate at voltages between 250 and 400, and currents
between 50 and 200 milliamperes, while synchronous
types deliver voltages between 90 and 300, and currents
of from 10 to 100 milliamperes.

Fig. 124 shows a typical circuit for a synchronous
type vibrator, called also a self-rectifying vibrator. This

Fig. 12-5. Internal connections to base pins for synchronous
vibrators.
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vibrator has two sets of contacts which are alternately
closed and opened by vibration of the reed. One set is
used, just as in the non-synchronous vibrator, to fur-
nish for the primary winding of the step-up transformer
a reversing or alternating current. But instead of feed-
ing the alternating potentials fromn the transformer
secondary to a rectifving tube for productiou of pulsat-
ing direct current, they are fed back to the second set
of contacts in the vibrator. Since the two sets of con-
tacts are operated in time or in synchronism with each
other, the pulses of high-voltage current are rectified
)by the vibrator so that they flow in the same direction,
forming a pulsating direct current, to the filter in the
B+ line.

Internal connections and base pin arrangements are
shown by Fig. 12-5 for fifteen styles of synchronous
vibrators. Broken lines indicate parts and connections
which may or may not be found in the various types.
In many of the diagrams, numbers I and 2 for example,
capacitors are shown between the secondary contacts
and the reed or the ground connection. These buffer
capacitors may be in the vibrator itself, or they may
be externally connected as at Ca and Cb of Fig. 12-4.
These capacitors, and sometimes others simiilarly con-
nected in the primary circuit as at Cc¢ and Cd of Fig.
124, absorb energy as the contacts open and return it
to the circuits when the contacts close, thus improving
the output waveform, preventing excessive drain on the
battery, and reducing sparking at the contacts. In all
of the diagrams the connections for the transformer
primary are marked P and those for the secondary are
marked 8.




Section 13
AMPLIFIERS

Classes of Amplifiers—The manner in which amplifiers
operate with respect to grid bias, grid signals, and result~
ing plate currents is indicated by classifications desig-
nated by letters.

Class A Operation—The grid bias and the alternating
grid input voltage are such that plate current flows at
all times during the cycle, with variations of plate cur-
rent limited to the practically straight portion of the
grid-voltage plate-current characteristic so that varia-
tions of voltage in the plate circuit load have practically
the same form as variations of grid voltage. Class A
operation is employed for all r-f voltage amplifiers, for
most a-f voltage amplifiers, for single a-f power tubes,
and for some a-f push-pull power amplifiers, The dis-
tortion is lower for power triodes, and somewhat greater
for power pentodes and for beam power tubes in Class A
operation. Triodes have low power efficiency, pentodes
and beam power tubes have high power efficiency. The
power efficiency is the ratio of the a-c power output
from the plate circuit to the d-¢c power input. .

The operation may be designated as Class A, when
there is no grid current at any time, and as Class A.
when grid current flows for a brief period in each cycle.

Class B Operation—The grid bias is nearly equal to
the plate current cutoff value, so that there is only a
small plate current when no signal is applied to the
grid circuit, and a flow of plate current during approxi-
mately half of each cycle when an alternating signal
potential is applied to the grid circuit. Class B opera-
tion is used for some push-pull a-f power amplifiers in
receivers, and in transmitters is used for r-f power ampli-
fiers working within a narrow frequency band. Class B
operation permits a considerable increase of power out-
put without overheating the tube or tubes, also a high
rate of power amplification.

Class AB Ozzeration.—The grid bias is made more
negative than for Class A operation, thus permitting the
use of higher plate and screen voltages, and affording
a greater power output. Such operation is used with
a-f push-pull power amplifiers. The action is similar
to Class A operation on relatively weak signals, and to
Class B operation on strong signals.

The operation may be designated as Class AB, when
there is no grid current at any time and when the grids
never become positive, and as Class AB; when the grids
become positive for brief periods and thus permit flow
of some grid current.

254
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Class C Operation—The grid bias is made appreciably
greater than the value for plate current cutoff, so that
plate current is zero while no alternating signal voltage
is applied to the grid circuit, and flows for less than
half of each cycle when there is a grid signal. Such
operation is used in transmitters, often for r-f power
amplification, but is not used in receivers.

Voltage Gain.—Voltage gain is the number of times that
a voltage, applied to the grid circuit, is increased in the
plate circuit of a tube. Gain is the ratio of voltage
changes produced in the plate circuit load to voltage
changes applied to the control grid circuit. Gain which
is originally due to the tube may be increased or de-
creased by the coupling devices, so that the stage gain
may be more or less than the gain of the tube.

The following formulas are used for computinf voltage
gain of a tube. The two formulas are equivalent, and
give the same results.

_muX Ro _ Gm X RpXRo
e Rp 4+ Ro e 1000000 (Rp 4+ Ro)

mu Amplification factor of tube.

Rp Plate resistance of tube, ohms.

Ro Resistance of plate circuit load, ohms.

Gm Mutual conductance of tube, micromhos.

Amplification factor, plate resistance, and mutual con-
ductance vary with changes in operating conditions.
When operation is changed in such manner as to bring
about a reduction of plate current, there is (1) a de-
crease of amplification factor, (2) a decrease of mutual
conductance, and (3) an increase of plate resistance.

Cain is increased by higher resistance in the plate
circuit load, but unless the B-supply voltage is increased
to maintain the original plate current through the greater
load resistance, the decrease of plate current lessens the
rate of gain otherwise obtained.

The voltage gain never is as great as the amplification
factor of the tube. Usually the gain is around 60 to 80
per cent of the amplification factor.

Ezample: Assume that a 6J5 tube is operating with
an amplification factor (mu) of 20, a plate resistance
(Rp) of 12000 ohms, and a load resistance (Ro) of
50000 ohms. Using the first of the formulas for voltage
gain, we have,

_ 20 50000 __ 1000000 __
e 12000 4 50000 — 62000 16.1

Voltage Gain from Load Lines.—The voltage gain for given
operating conditions may be determined with the help
o? load lines. Fig. 13-1 shows plate characteristics for
a 6J5 tube with two load lines; the upper one for a
plate circuit load of 20000 ohms, and the lower one for
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a load of 50000 ohms. Voltage gains are found thus:

1. It is necessary to know the peak potential of the
a-c¢ signal applied to the control grid. 'If the a-c grid
voltage is given in r-m-s or effective volts, that value
is multiplied by 1414 to find the peak potential.

2. The peak grid potential is subtracted from the grid
bias voltage to determine the maximum potential
reached by the grid during each cycle. The peak grid
potential is added to the grid bias voltage to determine
the minimum potential reached by the grid during
each cycle.

8. From the load line for the load resistance in use
are read the plate currents for the maximum and mini-
mum potentials reached by the grid.

4. Subtract the minimum from the maximum plate
current to determine the change of plate current. If the
currents are in milliamperes, change them to amperes.

6. Multiply the change of plate current, in amperes,
by the load resistance, in ohms, thus determining the
change of potential across the plate circuit load.

6. Divide the change of potential in. the load by twice
the peak a-c signal potential as found in step I above.
The result of this division is the voltage gain. The divi-
sion is made with twice the peak a-c potential because
this gives the total swing of grid voltage, the swing
being equal to the peak a-c potential each way from
the bias voltage.

Ezample: Assuming a 20000 ohm load, use the upper
load line of Fig. 13-1. Assume an a-c grid signal of
20 r-m-s volts. Multiplying by 1414 gives the peak
signal potential as 283 volts. The grid bias will be
assumed as 3.000 volts negative. Then, following the
numbered steps of the foregoing explanation, we have,

1. Peak signal potential = 2.83 volts.

2. 3.00 (bias) — 2.83 = 0.17 max. Eg.

3.00 (bias) + 2.83 = 5.83 min. Eg.
8. From load line,
Ip for 0.17 Eg = 820 milliamps.
Ip for 583 Eg = 3.50 milliamps.
820 — 3.50 = 4.70 = 0.0047 ampere.
0.0047 % 20000 (load R) = 94 volts.
. 94 = (2 X 2.83) = 166 voltage gain.

.. If the load is increased to 50000 ohms, with the same
signal potential and grid bias, the steps from 3 through
¢ are as follows:

8. From 50000-ohm load line; lower line of Fig. 13-1,
Ip for 0.17 Eg = 4.00 milliamps.

Ip for 5.83 Eg = 2.15 milliamps.

400 — 2.15 = 1.85 = 0.00185 ampere.

. 0.00185 x 50000 (load R) = 92.5 volis.

92.5 = (2 X 2.83) = 16.35 voltage gain.

Do

SRS
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It is apparent that the grid bias voltage is assumed
to remain constant. If the tube is operated with self-
bias, by means of a resistor in series with the cathode,
there will be some decgeneration as the bias becomes
greater at high plate currents and less at low plate cur-
rents, and the voltage gain will be less than computed.

GRID POTENTIAL—~ VOLTS
1 2 3 4 8

PLATE CURRENT— MILLIAMPERES

2 3 1 , :
e ' ]
oi!f";rv AL 2 I Mot gt 335
2 50 15 200 25 250

75 00 12 0 175
PLATE POTEN-T_IAL- VOLTS
Fig. 13-1. Load lines used for computing voitage gain.

Power Output of Triodes—The power output of a triode
may be determined with the help of a load line drawn
on its family of plate characteristics for the existing
load and potentials. The change of plate current, in
amperes, i3 multiplied by the change of plate potential
or the change of load potential, which is the same thing,
and the product is divided by 8 to find the power out-
p}lllt in watts. As a formula, the computation appears
thus:

Power, _ (Ip change, amps) X (Ep change, volts)

watls 8

Power, Current, and Resistance Conversion.—The tables of
tube characteristics in a preceding section of this book
list plate, grid and screen voltages, also plate and screen
currents, together with plate and load resistances and
power outputs for the various power amplifier tubes.
Only one set of conditions is listed for each tube. When
it is desired to operate the tube at plate voltages not
less than half nor more than twice the listed values,
the operating conditions and power output for the new
plate voltage may be determined with reasonable accu-
racy with the help of Fig. 13-2, which is a conversion
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fraph adapted from one published by the RCA Manu-
acturing Company.

60 T ; T p
50 !

40 ’

3.0 I

20 4

Ny
7

(@)
-~
N\
N
].’
P

CONVERSION FACTOR
(=)

|

0.2 L
05 06 0.7 08 0910 1.2 15 1.7 2.0
Voltage Factor
Fig. 13-2. Conversion factors for power tube operation.

Ezample: For a 6V6 beam power tube the table of
tube characteristics shows the following:
Plate voltage Ep 250 volts
Grid voltage Eg —125 volts
Screen voltage Es 250 volts

Plate current Ip 45 milliamps.
Screen current Is 4.5 milliamps.
Plate resistance Rp 52000 ohms
Load resistance ... 5000 ohms
Power output 600 4.5 watts

?ssume that this tube is to be operated at 175 plate
volts,

The ratio of the new plate voltage to the listed plate
voltage is 175/250, which is equal to 7/10 or to 0.7.
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This ratio, 0.7, is the voltage factor. The listed screen
and grid voltages are multiplied by this factor.

Es 250 X 0.7 = 175 screen volts.

Eg —125 X 0.7 = —8.75 volts grid bias.

The conversion factor for plate and screen currents is
found on the long-dash current line (I) of Fig. 13-2 at
the intersection of this line with the vertical line for the
previously determined voltage factor 0.7. At this inter-
section the conversion factor is read as about 0.59. Now
the currents are multiplied thus:

Ip 450059 =265 milliamps.
Is 45 %X 059 = 265 milliamps.

The conversion factor for Elate resistance and load
resistance is found on the dash-dot line of Fig. 13-L at
the intersection of this line with the line for the voltage
conversion factor 0.7. The conversion factor on this
resistance (R) line is about 12. Now the resistances are
multiplied thus:

Plate resistance 52000 X 1.2 = 62400 ohms.

Load resistance 5000 X 12 = 6000 chms.

The conversion factor for power output is found at the
intersection of the full-line power line (P) of Fig. 13-2
at its intersection with the voltage factor line for 0.7,
the factor being a little less than 0.41. The output power
" is multiplied thus:

4.5 X 041 = 1.85 watts, approximately.

Thus have been determined the approximate values of
all the operating characteristics which will accompany
the new plate voltage. The changes for any other plate
voltage change within the limits of Fig. 13-2 may be
similarly determined by using the valtage ratio or
factor, and the appropriate conversion factors for cur-
rents, resistances, and power output.

Resistance Coupled Amplifiers.—Fig. 13-3 shows, at the
left, the principal elements in resistance coupling for a
triode, and at the right the elements in resistance
coupling for a pentode. Supply voltage for plate and
screen circuits is applied at a, from where current flows
through plate resistor b to the plate. Output voltage
from the plate circuit is applied across grid resistor c,
which is in the grid circuit of the following tube, through
coupling capacitor or blocking capacitor d. The amplifier
tube has self-bias or cathode-bias from the potential
drop in biasing resistor e which is bypassed with capaci-
tor f. Screen current for the pentode flows from supply
voltage a through screen resistor g which is bypassed
with capacitor h.

Variations in the value of plate resistor b affect chiefly
the amplification or gain at the higher frequencies, and
have relatively little effect at the low frequency range.
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Less resistance at this point makes for a more nearly
uniform gain over the entire frequency range, or in-
creases the upper limit of frequency at which ampli-
fication commences to fall off.

Variations in value of grid resistor ¢ have decided
effects on the low frequency response, and but little
effect at the medium and high frequencies. It always is
desirable to use the greatest resistance which is per-
missible at this point. The high limit depends on the
type of tube, since current leakage, ionization, and other
effects will permit enough current to flow in an ex-
cessively high grid resistance to alter the grid bias for

the tube,
Triode d Pentode d
b IEI
e c ¢ h c
f e
= a = : =

.Fig. 13-3. Resistance couplings for triode (left) and pentode (right).

The capacitance of the coupling capacitor d is made
great enough to provide a reactance much smaller than
the resistance of the following grid resistor ¢. A larger
capacitance, making a smaller reactance at this point,
brings about a considerable improvement in low-fre.
quency response, especially when the resistance of the
grid resistor ¢ is rather small or when this resistance is a

Tube Type Toble No. Tube Type Table No.
246 3 6N7, phase inverter 6
2B7 S 6Q7 13
6A6, phase inverter 6 6RT7 14
6B6 3 657, as pentode 11
6B7 5 65C7 4
6B8 5 65F5 16
6C5 8 6547, as pentode 1
6C6, as triode 8 65Q7 3
6C6, as pentode 7 6T7 9
6C8, one triode 15 6W7, as triode 8
6F5 16 6W7, as pentode 7
6F8, one triode 2 627 10
8J5 2 53, phase inverter 6
6J7, as triode 8 57, as triode 8
6J7, as pentode 7 57, as pentode 7
6LS 12 75 3
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RESISTANCE COUPLED AMPLIFIERS

COUPLING BIAS SCREEN  OUTPUT GAIN
SUpPLY RESISTORS CAPA. R C R Peok (ot
VOLTS {megohms) CITOR  Ohms Mfd. Ohms Mfd. Volts fisted
Plote Grid {mfd) volts)
(o) (b)Y (o) (d) &) 1f) ) (M ( (W
Toble 1
180 0.1 o 0.019 760 0.22 0 49 55 5v

0.1 9.1 .10
0.25 .,015 800 8.0 .31 ,0% &0 82 Sv
0.5 .007 860 7.8 e 82 91 ©5v

0.25 0.25 .001 1050 5.8 .83 .06 33 103 5v

0.5 .,004 1060 5.6 .94 .06 47 131 Sv

1.0 ,003 1100 .1 .84 .07 54 161 Sv

0.5 0.5 .005 2000 4.C 1.85 .05 37 151 Sv

1.0 .002 2180 3.8 2.2 .0: 44 192 5v

2.0 .0015 2410 3.5 2.4 .055 54 208 O5v

300 0.1 0.1 .019 500 11.5 .35 .10 72 67 5v
0.25 ,016 530 10.9 37 .09 98 98 ©5v

0.5 .007 520 9.9 .47 .09 101 104 S5v

0.25 0.25 .011 850 8.5 .85 .07 79 139 Sv

0.5 .004 860 7.4 1.10 .06 88 187 5v

1.0 .005 910 6.9 1.18 .06 98 185 5v

0.5 0.5 ,004 1300 6.0 2.0 .06 64 200 S5v

1.0 .002 1410 5.8 2.2 .05 79 238 S5v

2.0 .0015 1530 5.2 2.5 ,04 89 283 S5v

Toble 2

180 0.05 0.05 0.06 119¢ 3.27 24 13 5v
0.1 .032 1490 2.86 30 13 S5v

0.25 .0115 1740 2.06 36 13 5v

c.1 0.1 .038 2330 2.19 26 14 Sv

0.25 .,012 2830 1.35 34 14 Sv

0.5 .005 3230 1,15 38 14 5v

0.25 0.25 .013 5560 .81 28 14 Sv

0.5 ,007 7000 .62 36 14 Sv

1.0 .004 8110 .50 40 14 5v

300 0.05 0.05 .06 1020 3.56 41 13 S5v
0.1 .034 1270 2.96 51 14 b5v

0.25 ,012 1500 2.15 60 14 ©5v

0.1 0.1 .035 1900 2.31 43 14 ©5v

0.25 ,0125 2440 1.42 56 14 ©5v

0.5 .0065 2700 1.20 64 14 Sv

0.25 0.25 .013 4590 .87 46 14 65v

0.5 .0075 5770 .64 57 14 Sv

1.0 .004 6950 .54 64 14 5v
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RESISTANCE COUPLED AMPLIFIERS (Continued)

COUPLING BIAS SCREEN  OUTPUT GAIN
SUPPLY RESISTORS CAPA- R C R C Peak (at
VOLTS (megohms) CITOR  Ohms Mid. Ohms Mfd. Volts listed
Plate Grid (mfd) volts)
(a) ® (9 (d) [ ] @ ¢ (0] 0]
Toble 3
180 0.1 0.1 0,025 2600 3.3 16 29 Sv
0.25 ,015 2900 2.9 22 36 Sv
0.5 ,007 3000 2.7 23 37 Sv
0.25 0.25 ,015 4300 2.1 21 43 Sv
Q.5 .007 4800 1.8 28 50 Sv
1.0 .004 5300 1.5 33 53 Sv
0.5 0.5 ,007 7000 1.3 25 52 b&v
1.0 ,004 8000 1.1 33 57 Sv
2,0 .002 8800 0.9 38 58 Sv
300 0.1 0.1 ,03 1900 4.0 31 31 Sv
0.25 .015 2200 3.5 41 39 Sv
0.5 ,007 2300 3.0 45 42 Sv
0.25 0.25 ,015 3300 2.7 42 48 Sv
0.5 ,007 3900 2.0 51 53 Sv
1.0 .,004 4200 1.8 60 56 Sv
0.5 0.5 ,007 5300 1.6 47 58 Sv
1.0 .,004 6100 1.3 62 60 Sv
+2.0  .002 7000 1.2 67 63 Sv
Table 4
180 0.1 0.1 0.031 960 17 25 Sv
0.25 .012 1070 24 29 Sv
0.5 ,0065 1220 27 33 Sv
0.25 0.25 ,011 1850 21 35 Sv
0.5 ,006 2150 28 39 Sv
1.0 .003 2400 32 41 Sv
0.5 0.5 ,006 3050 24 40 Sv
1.0 .003 3420 32 43 Sv
2.0 .002 3890 36 45 Sv
300 0.1 0.1 .,033 750 35 29 Sv
0.25 ,014 930 S0 34 Sv
0.5 .007 1040 54 36 Sv
0.25 0,25 .012 1400 45 39 Sv
0.5 .006 1680 55 42 Sv
1.0 .003 1840 64 45 Sv
0.5 0.5 ,006 2330 50 45 Sv
1.0 .003 2980 62 48 Sv
2.0 .002 3280 72 49 Sv
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RESISTANCE COUPLED AMPLIFIERS (Continved)

COUPLING BIAS SCREEN  OUTPUT GAIN

SUPPLY RESISTORS CAPA. R C R C Peok (ot
VOLTS (megohms) CITOR  Ohms Mfd Ohms Mid Volts listed
Plote Grid {mid) volts)

(o) b) (9 (d) e} (h (g (hy (i) M
Table 5
180 0.1 0.1 0.02 1000 4.4 0.44 0,08 30 30 Sv
0.25 .015 1200 4.4 .5 .08 52 41 S5v
0.5 ,008 1200 4.0 .6 ,07 53 46 5v

0.25 ¢.25 .01 1900 2.7 1.18 .05 39 55 &v

0.5 ,007 2100 3.2 1.2 .06 55 69 5w

1.0 ,003 2200 3.0 1.5 ,05 53 83 5w

0.5 0.5 ,005 3300 2.1 2.6 .04 47 8l 5v

1.0 .003 3500 2.0 2.8 .04 55 115 5v

2.0 .002 3500 2.2 3.0 .04 53 116 S5v

300 .1 0.1 .025 95 4.6 .5 .09 60 36 Sv
0.25 .015 1100 5.0 .55 .09 89 47 Sv

0.5 .009 900 4.8 .6 .08 @6 54 5Sv

0.25 0.25 ,015 1500 3.2 1.2 .06 70 64 5v

0.5 .008 1600 3.5 1.2 .06 100 79 5v

1.0 .004 1800 4.0 1.5 .08 95 100 5v

0.5 0.5 .006 2400 2.5 2.7 .05 80 96 b5y

1.0 .003 2500 2.3 2.9 .05 120 150 S5v

2,0 ,0025 2800 2.8 3.4 .05 90 145 5v

Toble 6

180 0.1 0.1 0,03 1300 35 19 5w
0.25 ,015 1700 46 21 S5v

0.5 ,007 1950 50 22 b5v

0.25 0.25 ,015 2950 40 23 5v

0.5 .007 3300 50 24 Sv

1.0 .0035 4300 57 24 S5v

0.5 0.5 .007 5250 44 24 5Sv

1.0 .0035 6600 54 25 b5v

2.0 .002 7650 61 25 5v

300 0.1 0.1 .03 1150 60 20 Sv
0.25 .015 1500 83 22 5v

0.5 007 1750 86 23 Sv

0.25 0.25 .015 2650 75 23 5v

0.5 ,0055 3400 87 24 S5v

1.0 .C03 4000 100 24 5w

0.5 0.5 .0055 4850 76 23 Sv

1.0 .C03 6100 94 24 b5v

2.0 ,0015 7150 104 24 S5v
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RESISTANCE COUPLED AMPLIFIERS (Continued)

COUPLING BIAS SCREEN  OUTPUT GAIN
SUPPLY RESISTORS CAPA. R C R C Peok (ot
VOLTS {megohms) CITOR Ohms Mfd.  Ohms Mfd. Volts listed
Plate Grid {mfd) volts)
(o) () (o (d) (&) (f @ (v 0] (0]
Table 7
180 0.1 . 0.02 1000 6.5 0.44 0.05 42 51 Sv

0.1
0.25 .01 750 6.7 .5 .05 52 69 5v
0.5 .006 800 6.7 .5 .05 59 83 5v

0.25 0.25 ,008 1200 5.2 ‘1.1 .04 41 93 5v

0.5 .005 1600 4.3 1.18 .04 60 118 Sv

1.0 .0035 2000 3.8°1.4 .04 60 140 S5v

0.5 0.5 .005 2600 3.2 2.45 .03 45 135 Sv

1.0 .0025 3100 2.5 2.9 ,025 56 165 Sv

2.0 .0015 3500 2.8 2.7 .02 60 165 Sv

300 0.1 0.1 .02 500 8.5 .44 ,07 55 61 Sv
0.25 .01 450 8.3 .5 .07 81 82 5v

0.5 .006 600 B.0 .53 .06 96 94 Sv

0.25 0.25 ,008 1100 5.5 1.18 .04 8L 104 Sv

0.5 .005 1200 5.4 1.18 .04 104 140 S5v

1.0 .005 1300 5.8 1.45 ,05 110 185 Sv

0.5 0.5 ,005 1700 4.2 2.45 .04 75 161 Sv

1.0 .003 2200 4.1 2.9 .04 97 350 S5v

2.0 ,0025 2300 4.0 2.95 ,04 100 240 S5v

Table 8

180 0.05 0.05 0.055 2200 2.2 34 10 Sv
0.1 .03 2700 2.1 45 11 Sv

0.25 .015 3100 1.85 54 11 &v

0.1 0.1 .035 3900 1.7 41 12 5v

0.25 ,015 5300 1.25 54 12 Sv

0.5 .008 6200 1.2 S5 13 Sv

0.25 0.25 ,015 9500 .74 44 18 Sv

0.5 .00B 12300 .55 52 13 Sv

1.0 .004 14700 .47 59 13 Sv

300 0,05 0.05 .075 2100 3.16 57 11 Sv
0.1 .04 2600 2.3 70 11 Sv

0.25 .0l15 3100 2.2 83 12 ‘Sv

0.1 0.1 .035 3800 1.7 65 12 Sv

0.25 ,015 5300 1.3 84 18 Sv

0.5 .008 6000 1.17 88 13 65v

0.25 0.25 ,015 9600 .9 73 13 5v

0.5 .008 12300 .59 85 14 Sv

1.0 .003 14000 .37 97 14 Sv



AMPLIFIERS 265
RESISTANCE COUPLED AMPLIFIERS (Continued)

COUPLING BIAS SCREEN  OUTPUT GAIN
SUPPLY RESISTORS CAPA. R C R C Peok (ot
VOLTS (megohms) CITOR  Ohms Mid.  Ohms Mfd. Volts listed
Plote Grid ‘(mid) volts)
(L] (b) () d) e) (h) (9} (b (0] [0}

Toble 9

180 0.1 0.1 0.023 2420 2.55 21 24 4v

0.25 .0135 2830 2.25 29 28 4v

5 0.5 .008 3080 2.0 32 31 4v

0.25 0.25 .012 4410 1.5 27 34 4v

0.5 .008 5220 1.25 34 36 4v

1.0 .005 5920 1.11 39 38 4v

0.5 0.5 .007 7250 .91 31 38 4v

1.0 .0045 9440 .74 39 41 4v

2.0 .0035 10850 .6 43 41l 4v

300 0.1 0.1 .0245 1950 2.85 ‘44 27 4v

0.25 .0135 2400 2.55 58 32 4v

0.5 .008 2640 2,25 64 33 4v

0.25 0.25 .012 3760 1.57 57 37 4v

0.5 .0075 4580 1.35 69 40 4v

1.0 .005 5220 1.23 80 41 4v

0.5 0.5 ,008 6570 1.02 62 42 4v

1.0 .0055 8200 .82 77 43 4v

2.0 .004 9600 .7 86 44 4v
Toble 10

180 0.1 0.1 0.028 930 3.4 18 26 Sv

0.25 ,0115 1100 2.6 28 31 Sv

0.5 .007 1210 2.32 33 32 Sv

e.25 0.25 .012 1820 1.7 28 35 Sv

0.5 .007 2110 1.38 34 38 Sv

1.0 .0035 2400 1.1 41 39 Sv

0.5 0.5 .006 3240 .9 32 39 S5v

1.0 ,0035 3890 703 38 40 bv

2.0 .002 4360 . 553 44 41 Sv

300 0.1 0.1 .028 670 3.81 38 31 Sv

0.25 .012 950 2,63 52 34 Sv

0.5 .007 1050 2.34 60 36 Sv

8.25 0.25 .012 1430 1.87 50 38 Sv

0.5 ,006 1680 1.46 59 40 Sv

1.0 .0035 1930 1.19 66 43 Sv

0.5 0.5 .006 2540 .97 55 42 Sv

1.0 .0035 3110 .72 70 44 Sv

2.0 .002 3560 .56 75 45 Sv
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RESISTANCE COUPLED AMPLIFIERS (Confinved)

COUPLING 8IAS SCREEN  OUTPUT GAIN
SUPPLY RESISTORS CAPA- R C R C Peok {ot
vOLTS (megohms) CITOR  Ohms Mid Ohms Mid Volts listed
Plote Grid (mid) volts}
{o} by (a {d) fey (N (@) (W (i) tj)
Toble 11
180 0.1 0.1 0.017 530 7.2 0.58 0.073 33 47 4v
0.25 .01 540 6.9 .68 .07 43 66 4v
0.5 .0063 540 6.6 .71 .065 48 75 4&v
0.25 0.25 .007TL B850 4.6 1.6 .05 33 79 4v
0.5 .005 890 4.7 1.8 .044 40 104 4v
1.0 .0037 950 4.4 1.9 .046 44 118 4v
0.5 0.5 .0041 1410 2.5 3.3 .041 30 109 4v
1.0 .003 1520 3.0 3.6 .037 38 134 4v
2.0 .0024 1600 2.9 3.8 .031 42 147 4&v
300 0.1 -0.1 .0167 430" 8.5 .59 .077 57 57 4v
0.25 .01 440 8.0 .67 .07 75 78 4v
0.5 .0066 440 8.0 .71 .071 82 89 4v
0.25 0.25 .0071 620 6.0 1.7 .058 54 98 4v
0.5 .005 650 5.8 1.95 .0S7 66 122 4v
1.0 L0036 700 5.2 2.1 .065 76 136 4v
0.5 0.5 .0037 1000 4.1 3.6 .04 52 136 4v
1.0 .0029 1080 3.9 3.9 .041 66 162 4v
2.0 .0023 1120 3.8 4.1 043 73 174 4v
Toble 12
180 0.05 0.05 0.06 1810 2.9 32 10 4v
0.1 .03 2240 2.2 41 11 4v
0.25 .014 2660 1.8 46 12 4v
0.1 0.1 .03 3180 1.46 36 12 4&v
0.25 ,.0145 4200 1.1 46 12 4v
0.5 .009 4790 1.0 50 12 4v
0.25 0.26 .014 7100 .7 38 12 4v
0.5 .009 9290 .54 46 12 4v
1.0 .0055 10950 .46 52 13 4v
300 0.06 0.05 .06 1740 2.91 56 11 4v
0.1 .032 2160 2.18 68 12 4v
0.25 .015 2600 1.82 79 12 4v
0.1 0.1 .032 3070 1.64 60 12 4v
0.25 .014 4140 1.1 79 13 4v
0.5 .007S5 4700 .81 89 13 4v
0.26 0.25 .013 6900 .57 64 13 4v
0.5 .0075 9100 .46 80 13 4v
1.0 .005 10750 .4 88 13 4v
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VOLTS

(o}
Toble 13

180

300

Toble 14
180

300

AMPLIFIERS
RESISTANCE COUPLED AMPLIFIERS (Confinued)

COUPLING BIAS
RESISTORS CAPA- R C
{megahms) CITOR  Ohms Mfd.
Plate Grid (mfd) ,

) {9 (d) (e) (M
0.1 0.1 0.02 1600 3.0
0.25 ,01 1900 2,5

0.5 .005 2100 2.3

0.25 0.25 .01 3400 1.6
0.5 .005 4000 1.3
1.0 .003 4500 1.05
0.5 0.5 .006 6000 .86
1.0 .003 7100 .76
2.0 .002 7900 .63
0.1 0.1 .03 1200 4.4
0.25 .015 1500 3.6
0.5 .007 /1700 3.05
0.25 0.25 .015 2600 2.4
0.5 .007 3000 1.66
1.0 .004 3600 1.45
0.5 0.5 .007 4600 1.2
1.0 .004 5500 .9
2.0 .002 6200 .9
0.05 0.05 0.05 1700 2.3
0.1 .03 2100 1.9
0.25 .01 2500 1.5
0.1 0.1 ,03 3000 1.3
0.25 .01 4100 .9
0.5 .,006 4600 .8
0.25 0.25 ,01 6700 .54
0.5 .006 8800 .4
1.0 .003 100CO .33
0.05 €.05 .055 1600 2.6
0.1 ,03 2000 2.0
0.25 .015 2400 1.6
0.1 0.1 .03 2900 1.4
0.25 .0l15 3800 1.1
0.5 .007 4400 1.0
0.25 0.25 .015 6300 .7
0.5 .007 8400 .S
1.0 ,004 10600 .44

SCREEN  OUTPUT
Peak

R C
Ohms Mfd.  Valts

()

(h)

G

19
26
29

25
31
37

30
36
41

35
52
53

43
s52
62

47
60
66

31
40
45

35
43
46

33
40
47

£
62
71

52
68
71

62
74

267

GAIN

{ot

listed
volts)

28
33
35

36
38
40

39
40
41

34
39
40

42
45
45

45

46
47

10
10
10
10

11

®

Sv
Sv
Sv

Sv
Sv
Sv

Sv
Sv
Sv

Sv
Sv
Sv

Sv
Sv
Sv

Sv
Sv
Sv

Sv
Sv
Sv
Sv

Sv
Sv
Sv

Sv
Sv
Sv

Sv
Sv
Sv

Sv
Sv
Sv
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SuUPPLY
YOLTS

(a}
Table 15

180

300

Table 16
180

300
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RESISTANCE COUPLED AMPLIFIERS (Confinved)

COUPLING BIAS SCREEN  OUTPUT GAIN
RESISTORS CAPA- R C R C Peak {at
(megchms) CiITOR  Ohms Mfd.  Ohms Mfd. Valts listed
Plate Grid (mfd) volts)

) (9 (d) (e) () (@ (0] M
0.1 0.1 0.028 2420 2,34 30 20 5v
0.25 .012 3080 1.84 40 22 Sv
0.5 .0065 3560 1.6 45 23 Sv
0.25 0.25 ,012 5170 1.25 35 24 5v
0.5 .007 6560 .95 45 25 b5v
1.0 .0035 7550 .85 50 26 5v
0.5 0.5 .007 9840 .66 38 25 5v
1.0 .004 12500 .5 44 26 5v
2.0 .0015 15600 .44 51 26 Sv
0.1 0.1 .037 2120 3.93 55 22 Sv
0.25 .013 2840 2.01 73 23 Sv
0.5 .007 3250 1.79 80 25 Sv
0.25 0.25 .013 4750 1.29 64 25 Sv
0.5 .0065 6100 .96 80 26 Sv
1.0 .004 T100 77 90 27 Sv
0.5 0.5 .007 9006 .67 67 27 Sv
1.0 .004 11500 .48 83 27 Sv
2.0 .002 14500 .37 96 28 Sv
0.1 0.1 0.025 1800 4.4 16 37 Sv
0.25 .015 2000 3.3 23 44 Sv
0.5 .006 2200 2.9 25 46 Sv
0.25 0.25 .01 3500 2.3 21 48 b5v
0.5 .006 4100 1.8 26 83 Sv
1.0 .004 4500 1.7 32 57 Sv
0.5 0.5 .006 6100 1.3 24 53 Sv
1.0 .003 6900 .9 33 63 b5v
2.0 .0015 7700 .83 37 66 Sv
0.1 0.1 .025 1300 S.0 33 42 S5v
0.25 .01 1600 3.7 43 49 Sy
0.5 .006 1700 3.2 48 52 Sv
0.25 0.25 .01 2600 2.5 41 56 Sv
0.5 .007 3200 2.1 54 63 Sv
1.0 .004 3500 2.0 63 67 Sv
0.5 0.5 .006 4500 1.5 50 65 Sv
1.0 .004 5400 1.2 62 70 Sv
2,0 .002 6100 ,93 70 70 Sv
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half-megohm or less. High-frequency response is but
little atfected by the value of capacitance at d unless the
grid resistor has a very low value, such as a value of less
than one-fifth megohm. .

The tables headed Resistance Coupled Amplifiers list
representative values for all of the elements shown by
letters in Fig. 13-3, and, in addition, list peak output
voltages and voltage gains. All of the values in the
tables arc taken from publications of the RCA Victor
Division, Radio Corporation of America. The accom-
panying list shows the numbers of the tables which
apply to tubes of various types.

There are two sections of each table; the upper nine
lines being for a supply voltage of 180, and the lower
nine lines for a supply voltage of 300. Plate voltage and
screen voltage are less than the supply voltage by the
drop through the plate resistor (columin b) and screen
resistor (columin g) and the small additional drop
through the biasing resistor (column e). Even though
the supply voltage differs by as much as 50 per cent
from the value listed in the table, the values of resistors,
capacitors and gain remain approximately the same, but
the ratio of the new output voltage (column i) to the
listed output voltage is the same as the ratio of the
new supply voltage to the listed supply voltage. For
example, with a supply voltage of 250, the output voltage
would be 250/300 of the output voltage listed for 300
volts supply.

The coupling or blocking capacitor (column d) and the
bypass capacitors for bias and screen resistors (columns
f and h) have been selected to give, at a frequency of
100 cycles, an output voltage equal to 0.8 of the listed
output with triodes and equal to 0.7 of the listed output
with pentodes. The listed output voltages are for a
frequency of 420 cycles and, in general, apply throughout
the medium frequencies.

If the frequency at which the output drops to 08
(with triodes) or to 0.7 (with pentodes) of the listed
output voltage is to be something other than 100 cycles,
it is necessary to change the values of the coupling and
bypass capacitors. The ratio of the new capacitance to
the listed capacitance is the same as the ratio of 100 to
the selected frequency. For example, if the frequency
is to be 200 cycles for the drop to 0.8 or 0.7 of the listed
output, the listed values of capacitance will be multiplied
by 100/200 or by 1/2 to find the new values for 200
cycles.

The values of bypass capacitors for biasing resistors
(column f) are based on direct current for the heaters
of the tubes. With alternating current for the heaters
more capacitance usually will be needed to prevent
excessive hum and other disturbances.
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The output peak volts (column i) is the a-c voltage
applied across the grid resistor in the grid circuit of tﬁe
following tube, which is resistor ¢ in Fig. 13-3.

The value of voltage gain listed in column j is that
obtained with an r-m-s or effective a-c voltage output as
listed in this column, which usually is 5 volts.

The values of resistances and capacitances listed in the
tables may vary by as much as 10 per cent, plus or
minus, with only slight effect on performance. De-
coupling filtering, other than that afforded by the by-
press capacitors, is not required for one or two stages of
amplification.

Transformer Coupling.—With an audio frequency coupling
transformer of given primary inductance, the amplifica-
.tion decreases with increase of plate resistance in the
tube feeding the transformer. This is especially notice-
able at low frequencies and with tubes having plate

resistances in excess of 10,000 ohms,

0000

-
v v

Fig. 13-4. Parallel feed for increasing effective primary inductance.

. Increase of primary inductance increases the amplifica-
tion from a given tube feeding the transformer. Effective
primary inductance is greatest when no direct current
from the plate supply flows through the primary wind-
ing, as with the paralle] feed arrangement of Fig. 134.
There is a rapid dropping off of primary inductance with
increase of primary direct current, this being due to
partial saturation of the core iron by the steady current.

To maintain a given low-frequency response with a
given type of tube, the primary inductance is inversely
proportional to the frequency. For example, to maintain
the same response at 100 cycles as was obtained at 200
cycles the primary inductance must be doubled, because
the frequency is halved. To maintain the same response
with different tubes, the primary inductance is changed
in direct proportion to the plate resistance of the tubes.
For example, to maintain the same response with a tube
of 20,000 ohms plate resistance as with one of 10,000
ohms plate resistance, the primary inductance is doubled
for the tube of higher plate resistance.
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Push-pull Amplifiers—The power output of two triodes
operating in push pull is equal, approximately, to one-
fifth of the product of maximum plate current and plate
supply voltage.

Watts (2 tubes) = Ip, maz. amps X plate supply volts

6
Maximum plate current, as used in this formula, is
assumed to be the current at zero grid bias and at a
plate potential equal to 0.6 of the plate supply potential.
For example, with triodes whose performance is shown
by the plate characteristics of Fig. 13-5, operated with
a plate supply potential of 140 vo. ts
140 X 0.6 = 84 volts
At 84 volts Ep and 0 Eg (Fig. 13-5), Ip = 39 milamps.
Then, placing the values in the formula, we have,
0.039 amp. X 140 volts —1.09

Watts =
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PLATE POTENTIAL ~ VOLTS

Fig. 13-5. Plate characteristics used in example of push-pull
power output.

The plate load resistunce, from plate to plate of the
two push-pull tubes, will be approximately,
Load, ohms __ 1.6 X plate supply volts
plate to plate ™ Ip, maz. amps.
For the example being followed, the load resistance
would be,

Ohms = 1. %>0<3;40 = 5743 ohms, plate to plate.

The most negative grid bias which may be employed
for Class A operation of the tubes is one-half of the bias
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which will cause plate current cutoff with a plate voltage
equal to about 1.4 times the plate supply voltage. With
the supply voltage of 140 assumed in the example being
followed, the cutoff voltage would be 1.4 X 140 =196
volts. From Fig. 13-5 it appears that cutoff at 196 volts
will occur with a negative bias of about 22 volts, so the
maximum negative bias will be about 11 volts. If the
bias is made still more negative, plate current will drop
to zero during some periods and there will be Class AB
or Class B operation.

Phase Inversion or Phase Splitting.—In any push-pull am-
plifier it is necessary that the two power tubes con-
nected in push-pull be supplied with simultaneous grid
voltages that are equal in strength and that increase and

2
A

=

+1 1+

Fig. 13-6. Circuit for phase splitting or phase inversion.

decrease in opposite polarities or that are 180° out of
phase. This is easily accomplished with transformer
coupling wherein the grids of the push-pull tubes are
connected to opposite ends of a center-tapped secondary
winding,

With resistance coupling the grid voltages for the
push-pull tubes are obtained by the use of a tube as a
phase inverter or phase splitter. Fig. 13-6 shows a com-
monly employed circuit in which the phase inversion
occurs in one scction of a twin triode marked 7 and 2.
Section I is resistance coupled to the control grid of
power tube 3 through coupling capacitor C1, the plate
resistor leading to B+, and the grid resistor consisting
of Ra and Rb. Section 2 is resistance coupled to the
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grid of power tube 4 through capacitor C2, the plate
resistor, and the grid resistor Rc.

The mput signal is applied to the grid of section I,
and causes corresponding variations of potential in re-
sistors Ra and Rb, which are in the plate circuit of
section 1. The portlon of the total potential variations
in Ra and Rb that occurs across Rb is applied to the
grid of section 2 of the twin triode. Since the grid of
section 2 is excited by potentials developed in the plate
circuit of section I, the output potentials from the two
sections, which form control grid voltages for the push-
pull power tubes, are 180° out of phase.

To obtain equal control grid signal voltages for the
push-pull power tubes, the voltage across resistor Rb,
which is the grid voltage for section 2 of the twin trode,
must equal the signal voltage applied to the grid of
section 1. This is accomplished by making the resistance
Rb such a fraction of the total resistance (Ra 4 Rb) as
represented by 1 divided by the voltage gain in the
triode section. For example, if the voltage gain is 24,
then resistance Rb is made 1/24 of the total resistance
in Ra and Rb. 0

Ordinarily resistors Ra and Rc¢ are made of equal
resistance, and of some value that is obtainable in
standard resistors. Then the resistance for Rb is deter-
mined thus. e

a

~ (voltage gain) — 1
If Ra and Rc are, for example, 100,000 ohms each, and
if the voltage gain in section 2 of the twin triode is 24,
then the formula shows,
100000
Rb = 24 —1
Voltage gains for various tubes used as phase inverters

may be found from the tables of Resistance Coupled
Amplifiers.

= 4350 ohms, approximately.
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Superheterodyne Frequency Conversion—Fig. 14-1 shows
one of the most commonly used frequency conversion
circuits, employing pentagrid converters such as the
6SA7, the 7Q7. and the 12- and 14-volt counterparts of
these tubes. Grid I acts as the control grid for the
oscillator circuit which consists of coils La and Lb, with
La tuned by means of variable capacitor Ca which is

R-F
Input

Le

_LLu Lb
i To AVC =

Fig. 14-1. Pentagrid converter circuit.

ganged with tuning capacitor Cb for the r-f input circuit
which includes coils Le and Ld. Grids 2 and 4 are
internally connected together to form the screen grid
surrounding grid 3 to which is applied the r-f signal.
Grid 2 acts as the anode or plate for the oscillator
system.

Various oscillator circuit arrangements are used with
this general type of converter. At A in Fig. 14-2 is an
oscillator circuit using a single tapped coil La-Lb with
a padding capacitor Cp. Tubes of G and GT types have
the suppressor, grid 6, internally connected to the
cathode as at B in Fig. 14-2. A filament-cathode type
of pentagrid converter, such as the 1R5, has the sup-

274
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Fig. 14-2. Variations found in pentagrid converters.

pressor internally connected to the negative end of the
filament, as at C in Fig. 14-2, and, in addition, has a
separate base pin connection for the suppressor.

All of the pentagrid converter tubes represented in
Figs. 14-1 and 14-2 have the same arrangement of the
five grids between cathode and plate. Tubes of this
general type have high plate resistance and high con-

version conductance,
l -FE

—B+

{

|

[}

|

3 §
i Oscillator

»"I‘ Coils

Fig. 14-3. Pentagrid converter with separate oscillator anode.
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Fig. 14-3 shows a typical circuit for a different type of
pentagrid converter. In this type grid I is the oscillator
grid, grid 2 is the oscillator anode or plate, grids 8 and
6 are internally connected together to form the screen
for grid 4, to which is applied the r-f signal. There is
no suppressor grid between the plate and the screen grid,
as there is in the tube shown by Fig. 14-1. For operation
at the higher frequencies in the short wave band a
small adjustable neutralizing capacitor sometimes is con-
nected between grids I and 4.

The following list gives type numbers of some of the
pentagrid converters having grid arrangements shown by
Fig. 14-3, and gives also the base connection diagram
nuni{bers used in the section on Receiving Tubes in this
book.

Tube Socket Tube Socket
Type Diagram Type Diagram
1A6 33 2A7 45
1A7 167 B6A7 45
1B7 167 6A8 166
1C6 33 6D8 166
1C7 167 7B8 156
1D7 167 12A8 166
1L.A6 144 14B8 156
11.C6 144

A B

: =4

Fig. 14-4. Pentagrid converter (A) and octode converter (B).

. Filament-cathode tubes in this pentagrid converter
class have their clements arranged as at A in Fig. 144,

At B in Fig. 144 are shown the elements for an
octode converter, such as the 7A8. The difference be-
tween this converter and the ones represented by Fig.
14-3 is in the extra suppressor grid internally connected
to the cathode of the octode converter. The tube has
only six grids between the cathode and the plate, rather
than the eight that might be indicated by the word
“octode.”

High-frequency reception sometimes is difficult because
of interaction and pulling between mixer and oscillator
circuits when a single tube performs both functions. In
some receivers the difficulties are lessened by using sep-
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arate tubes for mixer and oscillator. Fig. 14-5 shows a
pentagrid tube of the same style as used in Fig. 14-1 as
a converter, here used as a separate mixer. The oscillator
is a triode shown at the right-hand side of the diagram.
The oscillator frequency is introduced to the mixer
through its grid number 1, with the r-f signal brought in
at grid 8. The oscillating circuit, consisting of the
oscillator coils and the tuning and padding capacitors, is
in the circuit for number 7 grid of the mixer and is also
in the grid circuit of the triode oscillator. This, in effect,
provides direct coupling between oscillator and mixer.
Other methods of coupling may be used.

To I-F Transformer

R-F Input

_I

Bias

Fig. 14-5. Pentagrid tube used as mixer, with separate triode
oscillator.

Fig. 14-6 shows one circuit which may be used for a
pentagrid mizer, such as the 617, and a separate triode
oscillator. This circuit is generally similar to the one in
Fig. 14-5, but here the oscillator frequency is introduced
into the mixer through mixer grid number 3 instead of
through grid number I as in the former circuit. With
the pentagrid mixer tube the r-f signal is brought in
through grid number 1. The pentagrid mixer with
separate oscillator often is used ?or high-frequency re-
ception.

Fig. 14-7 shows a frequency conversion circuit contain-
ing a triode-hexode converter, such as the 6K8 or 6P8.
The tube consists of two units in a single envelope; the
hexode with its cathode, four grids, and plate forming
one unit, and a triode, with cathode, grid and plate,
forming the other unit. The hexode is the mixer and the
triode 1s the oscillator. The circuit is similar in many
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To 1-F Transformer

Screen Osc

—
-

= = Oscillator
Coils

I

Fig. 14-6. Pentagrid mixer tube used' with separate oscillator.

respects to the one of Fig. 14-5, where the oscillator
grid of the mixer and the control grid of the oscillator
are connected directly together, with the oscillating
tuned circuit coupled to both grids, and where the r-f
signal frequency is introduced into the mixer through the
grid enclosed by the two sections of the screen. The
triode-hexode conversion arrangement sometimes is used

X

Fig. 14-7. Circuit for triode-hexode converter.
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for all-wave receivers, since it gives good results at high
frequencies.

Fig. 14-8 shows two types of tube called iriode-heptode
converters. Both behave similarly to the triode-hexode
of Fig. 14-7, and they are used in similar conversion
circuits. Diagram A represents the 6J8 tube in which
the grid nearest the plate in the mixer or heptode sec-
tion is a suppressor grid connected internally to the
cathode. The r-f input is introduced into the heptode
units through their number I grid, nearest the cathode,
instead of through the screened number 8 grid as in
Fig. 14-7. There 18 direct coupling between the oscillator
and mixer circuits by means of the direct connection
between the oscillator grids in the triode and heptode
units of the tubes.

Osc. Mixer
Plate Plate

Mixer

Oscillator Oscillator
Grids Grids

Fig. 14-8. Triode-heptode converters.

Diagram B of Fig. 14-8 represents triode heptode con-
verters such as the 7J7, 787, and their 14-volt counter-
parts. The arrangement of elements differs from that in
diagram A in that the grid number 6 of the heptode is
a portion of the screen grid structure rather than being
a suppressor. This change has no effect on the number
or kind of external connections, which are the same for
all the tubes represented in Fi%s. 14-7 and 14-8.

Intermediate Frequencies.—The following frequencies, in
kilocycles, have been used and are being used as the
peaks for intermediate frequencies in amplitude-modu-
lated superheterodyne receivers for broadcast reception.

INTERMEDIATE FREQUENCIES

115 170 2525 370 432 465
125 1725 260 374 445 470
130 175 262 385 450 4725
132 177.5 262.5 455 480
180 264 456 485
1815 265 460 490

Superheterodyne Alignment.—The following instructions
for alignment apply in a general way to any super-
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heterodyne receiver, and may be used when specific in-
structions for a particular receiver are not available.

Most signal generators provide three different kinds of
out};lmt, (1) modulated, with an r-f signal modulated
with 400 cycle audio frequency, (2) unmodulated, with
the r-f signal and no modulation, and (3) an a-f signal,
usually of 400 cycles, with no radio frequency. Attenua-
tion controls for r-f and a-f signals permit adjustment of
the voltage available from the output terminals or jack
of the generator.

Alignment most often is performed while a rectifier-
t.ylpe of meter (an output meter) is connected across the
a-f output of the receiver, or across the leads going to
the loud speaker voice coil. (Fig. 14-11.) A cathode-ray
oscilloscope may be connected to the output of the
detector stage that follows the i-f amplifier. When an
output meter is used, the signal generator must be set to
provide a modulated output. For some receivers an
unmodulaed r-f generator output is used, with a d-c
meter of suitable range connected in the output of the
detector circuit. If it Is necessary to provide more volt-
age for the output meter in order to obtain satisfactory
deflection, the meter, in series with a half-microfarad
paper capacitor, may be connected between the plate of
one of the output (power) tubes and the chassis.

The usual procedure is first to align the i-f amplifier,
then the oscillator, and finally the r-f amplifier and
mixer. For i-f alignment, the signal generator may be
connected to the r-f input grid of the converter or mixer
as shown by Fig. 14-9. The lead is disconnected from
the r-f input grid of the converter or mixer, and recon-
nected in series with a %4-megohm resistor, thus main-
taining normal grid bias for the tube. The signal gen-
erator then is connected to the grid pin through a
capacitor of 250 mmfd. capacitance. The shielding cover
of the generator lead should be connected to the re-
ceiver chassis.

If the intermediate frequency for the receiver is
known, set the signal generator for this frequency. Set
the receiver volume control in maximum volume posi-
tion. Turn the r-f and a-f attenuator controls of the
generator toward higher output positions until a reading
i1s noted on the output meter or sound is heard from
the loud speaker.

Should there be no receiver output indication with the
signal generator output at maximum, the receiver may
have been aligned to some intermediate frequency other
than the one assumed. Change the frequency sefting of
the generator very slowly until there is an output indica-
tion from the receiver, which will show that the receiver
is aligned at the frequency then produced by the gen-
erator.
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If no receiver response can be obtained with any
adjustments, it is proEabIe that the i-f amplifier is com-
pletely out of adjustment. Then commence at the
control grid of the final i-f tube, the one preceding the
detector, and with the signal generator connected to this
grid align the stage. Proceed similarly to align other i-f
stages, working buck toward the r-f input for the con-
verter or mixer.

When making alignment stage-by-stage, the output of
the signal gencrator must be reduced as the work pro-
ceeds. Otherwise the action of any automatic volume
control system will make the response scem broad, and
there will be incorrect alignment. The generator output

Signal

Generator
250 n_\{nfd- ad Shieldto
Capacitor hassis of Recewver

4 Megohm
' "Resistor

oD

Convertor
or Mixer

Fig. 14-9. Connection of signal generator for alignment.

should be only enough to get rcadable indications on
the output meter. After aligning each i-f stage, leave
the generator cdfinected as in Fig. 14-9 and go over all
the trimmers a second time to make certain of correct
settings.

The r-f and oscillator circuits should be aligned at
frequencies specified in service instructions for the re-
ceiver when such instructions are available. Otherwise,
for the standard a-m broadcast band, use 1,400 k¢ for the
higher frequency and 600 kc for the lower frequency.
For each other band in which alignmeng is to be made,
frequencies are selected slightly below the high end and
slightly above the low end of the band.

When aligning the r-f circuits, some form of dummy
antenna element must be used between the output lead
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of .the signal generator and the antenna connection of
the receiver to prevent undue reaction between the out-
put circuit of the generator and the input circuits of the
receiver. Alignment instructions for particular receivers
specify the values of capacitors or resistors to be con-
nected between generator and receiver during the various
steps in alignment. Lacking specific information, it may
be sufficient to connect a I}io-mfd capacitor between
generator and receiver. Usually it is better to use the
standard IRE dummy antenna shown by Fig. 14-10,
where are indicated also the correct connections to the
signal generator output and the receiver antenna and
ground posts. Such a dummy antenna may be made up
with fixed capacitors of the values shown, and with any
400-ohm resistor that is non-inductive. The 20-micro-

Signal Rece!
Generator . ecelver
20 Mlcroner;rys

o GND.

Dummy Antenna
Fig. 14-10. The IRE dummy antenna and its connections.

henry inductance coil may be made up with 45 turns of
number 34 double silk covered wire close wound on a
cylindrical form % inch in diameter.

For alignment at the higher of the two selected fre-
quencies in the band being checked, set both the signal
generator and the receiver tuning dial to this frequency,
then adjust the oscillator trimmer of the receiver until
there is a response shown on the output meter. Next
adjust the trimmers of the converter or mixer, and of
the r-f tuned circuit, to obtain maximum response. The
output of the generator will have to be reduced by ad-
justing its attenuator as the various circuits are aligned.

The next step is to set the signal generator for the
lower of the frequencies, and turn the receiver tuning
dial until the output meter shows a response. The fre-
quency indicated by the receiver dial should agree with
the frequency being furnished by the generator. If there
is an oscillator padding capacitor in the receiver, adjust
it while slowly rocking the main tuning capacitor of the
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receiver back and forth until there is maximum response.
Then recheck the oscillator trimmer at the higher fre-
quency, and readjust it if necessary. The lower fre-

uency adjustment should again be checked, since one of
these oscillator adjustments affects the other.

If the frequency indications of the receiver tuning dial
do not agree with the frequencies furnished from the
generator it may indicate that incorrect parts have been
used for replacements of tuning capacitors, coils, and
transformers. It may mean also that the alignment
process has been performed incorrectly, or possibly that
the alignment in the i-f stages has been carried out at
a frequency other than that for which the parts are
designed.

Plates of
Qutput Tubes|

To
Plate of Speaker
Qutput Tube

Push-~
@ Pull
Output

Single Power B+
Tube

Fig. 14-11. Connections of output meter for alignment.

Output Meter Connections.—For alignment of an ampli-
tude-modulation receiver the output meter may be con-
nected between any of the points indicated by the left-
hand diagram of Fig. 14-11 when there is a single output
tube or power tube, and as in the right-hand diagram
for push-pull output tubes. The meter must be of an
a-¢ type, usually a rectifier meter, with a range of zero
to 5 or 10 milliamperes. As shown in the diagrams, a
high-voltage paper capacitor of 1/10 mfd. or greater
capacitance must be in series with the meter whenever
connections are made on the plate side or power supply
side of the output transformer.

With a diode type detector, used for automatic volume
control as in Fig. 14-12, or used without such a control,
the output during processes of alignment may be indi-
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cated by connecting across the load resistor R of the
detector either a cathode-ray oscilloscope (vertical de-
flection plates) or else a high-resistance d-¢ voltmeter.
Either indicating instrument is connected between the
high end of the load resistor and ground. The voltmeter
should have the highest possible resistance, preferably at
least 20,000 ohms per volt, and may have a range of zero
to 5 or 10 volts.

Alignment of F-M Receivers.—Since the amplitude-modu-
lated output of the ordinary signal generator does not
get through a frequency-modulation receiver as far as
the a-f amplifier, it is necessary to use an unmodulated
signal of correct frequency. The signal is fed to the
converter or mixer, as in Fig. 14-9, for alignment of i-f
stages, limiter stages, and the discriminator, and is fed
to the antenna post of the recciver, or somectimes by

From I-F Detector
Amplifier

] Oscilloscope
or Voltmeter

Fig. 14-12. Oscilloscope or voltmeter connection for alignment.

radiation to a built-in antenna from a wire eonnected to
the generator output, while aligning the r-f stages.

Fig. 14-13 shows a typical two-stage limiter, and a
discriminator using a double diode tube, which are the
only parts of an f-m receiver which differ in principle
from parts of an a-m superheterodyne receiver. The
purpose of the limiters is to get rid of all or nearly all of
any amplitude modulation which may have become a
portion of the frequency-modulated carrier due to elec-
trical interference of one kind or another. The dis-
criminator produces, from the frequency-modulated
potentials, other potentials which vary at the audio-
frequency corresponding to the original sound fre-
quencies introduced at the transmitter. Thus the
discriminator of the f-m receiver corresponds to the
detector of the a-m receiver.
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-/

To Audio
Amplifier

Discriminator

2nd Limiter

1st Limiter

I-F
Transformer

Fig. 14-13. Limiter and discriminator stages for a frequency-
modulation receiver.
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Instead of the grid circuit shown in the large diagram
for the first limiter tube, the circuit shown by the lower
left-hand sketch may be used. The chief difference is in
the connection of the grid return resistor Rg. Instead of
the double-diode discriminator tube with separately in-
sulated -cathodes, other equivalent circuits employ a
double-diode with only one cathode, while still oﬂ‘;ers
may have included within the same envelope a phase-
inversion triode for push-pull output tubes, However,
in any of these cases, the a-f output of the diseriminator
is taken from resistors Ra and Rb. When feeding a
single a-f amplifier, as in the diagram, the output is from
one end of one resistor, the right-hand end of Rb in the
diagram, and the opposite end of the resistor pair is
grounded. For output to a push-pull amplifier the center
point Y is grounded, and the outer ends of the resistors
are connected to the grids of the push-pull tubes.

i-F Discriminator

Fig. 14-14. Desired cathode-ray oscilloscope traces for alignment of
f-m receiver,

For alignment of i-f and r-f trimmers there are sev- ‘
eral possible connections for different types of output ‘
meters or indicators. A d-c¢ milliammeter or microam-
meter having a range of one milliampere or less may be
connected between the ground end of grid return resistor
Rg and ground, by opening the connection at I in Fig.
14-13 and inserting the meter. The prod of a vacuum-
tube voltmeter, such as used in signal tracers, may be
connected to the grid end of the grid return resistor, |
at 2 in the diagram. A high-resistance voltmeter
(preferably 20,000 ohms per volt or more) may be con- ‘
nected between point 2 and ground, with a resistor of
0.4 to 0.5 megohm resistance in series with the meter.
With any of these meters the i-f and r-f trimmers are
adjusted for maximum meter deflection.

The high side of a cathode-ray oscilloscope may be
connected to point 2 in the diagram, and the low side
to the receiver chassis. The trimmers should be adjusted
to produce a trace with a somewhat flattened top, as at
the left in Fig. 14-14.

I
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For adjustment of the primary tuning capacitor Cp
and the secondary tuning capacitor Cs of the i-f trans-
former between the limiter and discriminator in Fig.
14-13 there are several possible ways of checking the
output. In any case the output indicator is connected
between the a-f output of the discriminator, point 3 in
the diagram, and the chassis ground. The lead to the
audio amplifier usually is shielded, and usually goes to
a volume control unit or to a channel selector switch.

The indicator may be a vacuum-tube voltmeter. The
indicator may be a high-resistance voltmeter in series
with which is connected a resistor of about one-half
megohm resistance. With either kind of meter as an
indicator, first detune the secondary trimmer Cs, then

, T

Controlled
Grids

Rf

_‘I—Cf Rv

Fig. 14-15, Elements of a typical AVC circuit.

adjust the primary trimmer Cp for maximum deflection
of the meter, and finally adjust the secondary trimmer
Cs until this voltage drops to zero. Since the voltage
reverses its polarity during this final adjustment, tﬁe
meter pointer will drop to zero and continue on to below
zero on the meter scale. The adjustment should be for
exact zero.

The indicator may be a cathode-ray oscilloscope, with
its high side in series with a half-megohm resistor con-
nected to point 3 in the diagram of Fig. 14-3, and its
low side connected to the chassis ground. The trace will
appear as at the right in Fig. 14-14 when the adjust-
ments are correctly made. Adjustment of the primary

-

trimmer Cp affects chiefly the straightness of the traces ,
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where they cross each other, while adjustment of the
secondary trimmer moves the crossin point up or down
on the screen. The adjustments should be for the
straightest possible traces, and for a crossing point mid-
way in the vertical plane.

Volume Control Time Constants.—In a typical circuit for
automatic volume control, such as shown by. Fig. 14-15,
resistor Ra and capacitors Ca and Cb form = filter sys-
tem for removal of r-f or other high-frequency potentials
before the a-f potentials reach volume control resistor
Rv. Resistor Rf and capacitor Cf form a filter to re-
move a-f variations from the grid bias control potential
going through the volume control bus to the controlled
grids. The biasing potential is the potential existing at
any time across capacitor Cf. This filter capacitor Is
charged through the resistance of all resistors between
it and the diode plate or plates of the detector tube,
in this case through Ra and Rf. The capacitor dis-
charges through all resistors between it and ground,
which here are resistors Rf and Rv. If there are any
other capacitors in parallel with Cf, between the ave bus
and ground, the effective capacitance is increased.

The time constant, in seconds, of the ave filter system
is equal to the product of the effective capacitance
(usually Cf only) in microfarads, and of the total series
resistance (Rf + Raor Rv) in megohms. For example,
if the capacitance is 0.1 mfd and the resistance 1.5
megohms, the time constant is 0.1 X 1.5 = 0.15 second.

Time constants for broadcast receivers usually. are be-
tween 0.1 and 0.3 second. For short wave reception,
where fading may be greater, the time constant usually
is no more than 02 second. For high-fidelity broadcast
receivers the constant may be as long as 03 to 05
second. Too long a time constant prevents regulation of
volume when there is fairly rapid fading, and permits
suydden interference pulses, as static, to stop reception
for a short period. Too short a time constant allows low
audio frequencies to affect volume, and reduces the low-
frequency response.

Automatic volume control bias for a frequency-
modulation receiver may be taken from the d-¢ potential
drop across the grid return resistor for either of the
limiter tubes, resistors Rg or Rh in Fig. 14-13.




Section 15
OSCIF.LATORS AND ANTENNAS

Oscillators.—Fig. 15-1 shows elementary circuits for six
types of radio-frequency oscillators employing inductive
feedback from plate circuit to grid circuit. The type
names are,

1 Hartley.

2 Hartley; variation of same principle.

8 Tickler feedback.

4 Tickler feedback with single tapped coil.

& Meissner.

6 Ultraudion.

The letter symbols in the diagrams have the following

meanings.

Lg Coil in grid circuit.

Lp Coil in plate circuit.

Le R choke coil preventing oscillating potentials
and currents from passing into the d-c voltage
supply system.

Rg Grid return resistor or grid leak acting in con-
Junction with grid capacitor Cg to provide
negative grid bias for the oscillator tube.

Cyg  Grid capacitor which isolates the oscillator grid
from high-voltage potentials and cwrrents in
the plate circuit, and which acts also in the
grid biasing system.

Cb Bypass capacitor completing the plate circuit for
oscillating currents while insulating the oscil-

* lating circuits from the high positive voltage
of the d-c supply system.

Ct  Variable tuning capacitor for adjusting the fre-
quency of oscillation.

Feedback in the Hartley circuit (diagrams I and 2)
depends on the ratio of inductances or inductive re-
actances in the portions of the winding which are in the
plate circuit and grid circuit. The two parts of the
winding may or may not have mutual inductive coupling.
In the tickler feedback circuits (diagrams 3 and 4) there
must be mutual inductive coupling between windings in
the plate circuit and grid circuit, since it is through such
coupling that feedback takes place.

In the Meissner circuit (diagram 6) energy from the
plate circuit passes by mutual inductive coupling from
coil Lp to the lower portion of the winding in series with
the tuning capacitor, then from this winding to ¢oil Lg
in the grid circuit. There may or may not be mutual
inductive coupling between coils Lp and Lg, but each
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must be inductively coupled to coils in the tuned circuit

containing capacitor Ct. In the ultraudion circuit
(diagram 6) the same coil is in both the plate circuit

®

\

Y|

Fig. 15-1. Elementary r-f oscillator circuits, inductive feedback.
1 and 2, Hartley. 3 and 4, Tickler feedback, 5, Meissner.
6, Ultraudion.

and the grid circuit. Oscillation may be controlled
within limits by adjustment of the capacitor connected
between the plate and cathode of the tube.



OSCILLATORS AND ANTENNAS 291

Negative grid bias for most oscillators is provided by
the rectifying action of the tube which charges grid
capacitor Cg during positive pulses of the high-frequency
alternating currents, the charge and resulting negative
biasing potential depending on the capacitance of C
and on the resistance of grid leak Rg through whic
current from the capacitor flows away to_ the cathode
of the tube. This 1s the same action that produces
negative grid bias for the grid-leak type of detector.

Cb

Lp

Lo

Rg
Lp Cq

- 7 |- +

Fig. 15-2. Elementary r-f oscillator circuits. 1, Tuned-plate tuned-
grid capacitive feedback. 2, Colpitts capacitive feedback.
3, Dynatron circuit.

Fig. 15-2 shows two types of capacitance feedback
oscillators in diagrams I and 2. In the tuned-plate
tuned-grid oscillator of diagram I the feedback is
through the grid-plate capacitance of the oscillator tube.
The grid circuit is tuned to the frequency at which
oscillation is desired, and the plate circuit is tuned to a
frequency a very little lower in order that the plate
circuit may have inductive reactance necessary for cor-
rect phase relationship of the feedback potential.

The Colpitts oscillator of diagram 2 has a single coil
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in both plate and grid circuits, tuned by means of two
variable capacitors connected in series with each other
and with the coil. The ratio of oscillating plate voltage
to oscillating grid voltage is determined Ey the ratio of
the two variable capacitances. The total effective capaci-
tance of the two tuning capacitors determines the fre-
quency of oscillation.

The basic oscillator circuits which have been described
are subject to almost innumerable modifications in ar-
rangement of the elements and of the connections be-
tween them.

Diagram 3 of Fig. 15-2 shows a _circuit for a screen grid
tube operated as a dynatron oscillator. The plate voltage
is lower than the screen voltage, and the control grid
is maintained at a constant negative potential with ref-

Jf)utput Outpuf_L

£ =

=1 a% T ;llfg
| ]
S-S ?B+% %

Fig. 15-3. Elementary circuits for crystal frequency control
of oscillators.

erence to the cathode. As plate voltage increases during
oscillation, secondary emission from the plate to the
more positive screen becomes greater than the rate of
electron flow into the plate. Thus the plate current
actually decreases as the plate voltage increases, whereas
in ordinary circuits there always is an increase of cur-
rent with increase of voltage applied. This action in the
dynatron oscillator is called negative resistance. The
plate current decreases to a point at which oscillation
ceases for an instant. Then the plate voltage drops,
plate current again increases, and so the variation of
plate current and the oscillation continues. There is
no feedback of energy in the dynatron oscillator. There
are other types of oscillators employing the principle of
negative resistance.



OSCILLATORS AND ANTENNAS 293

Crystal Control of Frequency.—A piezo-electric crystal,
usually made from quartz, has the property of producing
electrostatic charges and potentials between opposite
faces when compressed, and the property of changing its
own dimensions when placed in an electrostatic field.
The crystal “vibrates” most energetically at certain fre-
quencies determined by the thickness of the piece and
the manner in which it is cut. Such a crystal, connected
in the grid circuit of a tube as shown by diagrams of
Fig. 15-3 and in other equivalent ways, will maintain
oscillation in tuned circuits connected to the tube, and
will maintain a frequency near one of the frequencies at
which the particular crystal vibrates most easily and
energetically.

The mother crystal from which the operating pieces
are cut may have the generally hexagonal shape indi-
cated at the left in Fig. 15-4, wherein the lengthwise

Z Axis Y Axis X Axis ,

/ X cutor
parallel cut Curie cut
Fig. 15-4. Types of cuts for oscillating crystals.

axis or optical axis is called the Z-axis. If the resonant
piece is cut so that its parallel faces are parallel to the
sides of the original, and are perpendicular to the Y-axis,
as in the center diagram, the crystal is said to be Y-cut,
parallel cut, or thin cut. If, as in the right-hand dia-
gram, the piece is cut so that its faces are perpendicular
to the X-axis between opposite corners of the original
crystal, the piece is said to be X-cut, Curie cut, or
thick cut.
The approximate thickness of the finished oscillating

crystal is,

77.0
frequency, kilocycles

1126
frequency, kilocycles

Antennas.—Receiving antennas have the same general
properties as transmitting antennas of similar type and

Y-cut. Inches =

X-cul. Inches =




294 COYNE RADIO HANDBOOK

of equal dimensions. This applies to the distribution
of current and voltage, and to the directions to and
from which transmission and reception are strongest
and weakest.

At the top of Fig. 15-5 is represented a type of an-
tenna consisting of two lines of equal length extending
in opposite directions from the point at which energy
is introduced. This is called an electric dipole or a
Hertz antenna. At the fundamental frequency, which is
the lowest frequency at which the antenna can resonate,
the distribution of current and voltage is as shown
by broken-line curves in the upper left-hand diagram.

Voltage Current

P /\“’\\ ’;x’\—— ‘/“><:_7)<-‘><:— _\,—\'
- FEARS SO ESO A EaS
_:,»:_g;xg R Sy
i
Fundamental 2nd. Harmonic
i , Voltage
I 1
\ / \ !
YR RY
S
l ‘\\ I,, \
' Ny lCurrent
Fungamental 3rd. Harmonic

Fig. 15-5. Current and voltage in Hertz and Marconi antennas.

The corresponding radiated wavelength is twice the
length of the antenna, since each of the curves repre-
sents only half of a complete cycle. If the antenna is
excited at twice the fundamental frequency, or at the
second harmonic frequency, current and voltage distri-
bution is as shown at the upper right, and the radiated
wavelength is equal to the length of the antenna.

If one half of the antenna 1s replaced by the earth
or a ground connection, as in the lower diagram of
Fig. 15-5, the current and voltage distribution, and the
radiated wavelength with reference ot length of the
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remaining half of the antenna are the same as before.
Such an arrangement is called a Marconi antenna, Then,
as indicated by the diagrams, the wave length at the
fundamental frequency will be four times the length
of antenna, and at the third harmonic (three times
the fundamental) will be 4/3 or 1% the length of
antenna.

If an antenna is too short for the wavelength being
used, the antenna is resonant at a higher frequency and
it acts as a capacitive reactance. This reactance may
be counteracted by inserting in series with the antenna
an induetance coil to furnisﬁ inductive reactance. Simi-
larly, if the antenna is too long it resonates at a fre-
quency which is too low and acts as an inductive reac-
tance. This may be counteracted by connecting in
series with the antenna a capacitor to provide capaci-
tive reactance. Thus the antenna may be tuned to the
wavelength being used.

j¢—Length ——
[

Fig. 15-6. Hertz antenna with single-wire feed (left), and
long-wire antenna (right).

A Hertz antenna with single-wire feed is shown at
the left in Fig. 15-6. The length of the horizontal por-
tion should be equal to a half wavelength at the prin-
cipal frequency to be handled. Wavelength in meters
is equal to 300 divided by the frequency in megacycles,
and, since one meter is equal to 3281 feet, the length
of a half wave is a little more than 492 feet divided
by the frequency in megacycles. Because of the effect
of capacitance at the ends of the antenna, this figure
usually is reduced to 468 for frequencies up to 30 or 40
megacycles, and is made slightly less, or about 461 for
still higher frequencies. Then the length of the hori-
zontal wire for the half-wave antenna should be,

Length, feet = 468
frequency, megacycles
The single-wire feed is a modification of a two-wire
feed with the ground supplying the other feed line
through the capacitance between antenna and ground.
The single wire is not connected to the flat top at the
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center of the top, but is connected at a point distant
from either end by 36% or 0.36 times the length of the
flat top portion.

Ezample—What should be the length of such an
antenna for operation at a frequency of 5,000 kilocycles,
and where should the feed wire be connected? -

The frequency of 5,000 kilocyecles equals 5 megacycles.

Length :igé =936 feet, total length

936 ft. X 0.36 = 33.7 ft. from one end.

At the right in Fig. 15-6 is shown a so-called long-
wire antenna. The length of such an antenna is equal
to the sum of the lengths of the horizontal flat top and
of the vertical feed wire. This total length should be
equal to one or more wavelengths at the principal fre-
quency to be handled. Since the length of a half wave-
length antenna is equal to 468 divided by the fre-
quency in megacycles, a full wavelength is taken as,

- 936
frequency, megacycles

Ezample—What should be the length of a long-wire
antenna for a frequency of 5,000 kilocycles? Note that
this is a frequency of 5 megacycles.

Length = 9_29 = 187 feet.

Length =

This is the minimum length for the flat top and ver-
tical feed wire combined. The feed wire is connected to
either end of the flat top.
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Fig. 15-7. Radiation patterns for Hertzx antenna (left) and for
long-wire antenna (right).
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The radiation pattern or the directional characteristic
of a Hertz or dipole antenna is about as indicated by
the broken-line figure at the left in Fig. 15-7. Radia-
tion is quite uniform in all directions, with some empha-
sis along the length of the antenna. The pattern for a
long-wire antenna is of the general form shown by
the right-hand diagram, with the principal radiation
lengthwise and to the sides of the antenna. The greater
the length of this style of antenna the closer together
come the lobes at the ends of the wire and the more
sharply pronounced is the directional characteristic
lengthwise of the antenna, with a decrease in the direc-
tions perpendicular to the length.



Section 16
SOUND SYSTEMS AND DEVICES

Gains or amplifications, also losses or attenuations,
of power, voltage or cwrent between different points
in devices or systems operating at audio frequencies
usually are specified or compared in terms of a unit
called the decibel. Decibels measure the ratios of pow-
ers, voltages or currents to each other. For instance;
if power Input to an amplifier is 2 watts and power
output is 4 watts, the ratio of gain is 4/2 or is 2. A
ratio of 2 between powers corresponds to 3 decibels, so
in this case there 1s a gain of 3 decibels. In another
case the input might be 025 watt and the output 0.50
watt. The ratio o% gain is 50/25, which is a ratio of 2.
Again there is a gain of 3 decibels, because a ratio of 2
in a power system always means a change of 3 decibels
regardless of the values of the powers involved when
measurements are in watts or other absolute units. We
might say that a power of 4 watts exceeds one of 2
watts by 3 decibels, also that a power of 0.50 watt ex-
ceeds one of 025 watt by 3 decibels, and that any other
power which is double another one exceeds that other
one by 3 decibels. The abbreviation db is used for deci-
bel or decibels.

The number of decibels by which one power exceeds
another is found thus.

Decibels — 1 ( common larger power)
! = ! @
difference logarithm ~ smaller power

That is, the number of decibels is equal to 10 times
the logarithm of the power ratio, the ratio being found
by dividing one power by the other.

The common logarithm of any number is the power
to which 10 must be raised to produce that number. To
illustrate; 10% or 10 to the 2nd power equals 100, and so
2 is the logarithm of 100, because 2 1s the power to
which 10 must be raised to produce 100. Again, 10° or
10 to the 3rd power equals 1000, so the logarithm of
1000 is 3.

Assume that there is a gain of 100 times in a power
amplifying system. The gain might be from 001 to
10 watt, or from 075 to 75 watts, or from 1 to 100
watts, or any other gain which is in the ratio of 100
times. The logarithm of 100 is 2. The preceding formula
ghows that the number of decibels is 10 times the loga-
rithm. Then, multiplying the logarithm, 2, by 10 gives
20 decibels. A power gain of 100 times is a gain of
%0 decibels, no matter what may be the wattage levels
at which the gain occurs.
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The accompanying table, Gains and Corresponding
Decibels, lists in the first column various ratios of gain
extending from 1.0 to 10 billion. The ratio of 1.0 really
represents no gain, for it means that the powers are
equal. The logarithm of the number 1 is zero, and since
10 times zero equals zero, the decibel change is 00.

The table is so arranged that whole numbers and
simple fractions will be found both in the column for
ratios and in the column for decibels. That is, in the
gain column there will be found 10, 20, 2.5, 30, 4.0, and
so on. These whole numbers and fractions appear also
in the decibel column. The corresponding fractional
numbers, of decibels for gains, and of gains for decibels,
are found in the other’column for each case.

One of the chief advantages of measurements in deci-
bels, which are logarithmie, is that the response of the
human ear is logarithmic. That is, if we are listening
to a sound having an intensity of 1 watt, and it is in-
creased to 2 watts, the degree of increase seems to be
the same as when an original power is 10 watts is
increased to 20 watts; although in the first case there
is a real increase of only 1 watt, and in the second of
10 watts. Another advantage is that a change of 1
decibel is a change that is just noticeable to the aver-
age ear, this being true whether the sounds are at a very
low level of intensity or at a very high level.

Another advantage is that gains in decibels may be
added to find the overall gain. For instance, if one
section of an apparatus gives a power gain of 6 decibels
and a following section gives a gain of 13 decibels, the
overall gain is 6 4 13 =19 decibels. The table shows
that the ratios of gain are,

6 db = 3.98 gain ratio
13 db = 19.95 gain ratio

19 db = 7943 gain ratio

To determine the overall gain from the two ratios of
gain in the two sections it 1s necessary to multiply to-
gether the two ratios, thus,

3.98 X 19.95 = 7943

If the ratio is that of one voltage to another, or of
one current to another, the corresponding number of
decibels is twice that for the same ratio of powers.
This appears when comparing the columns for decibels
corresponding to power ratios and to voltage or current
ratios as given in the table. The reason is:

The watts of power dissipated in equal resistances or
impedances are proportional to the squares of voltages
or currents in the equal resistances or impedances. This
is shown by the power formulas,

P =E*R P=TR



GAINS AND CORRESPONDING DECIBELS

RATIO DECIBELS DECIBELS RATIO DECIBELS DECIBELS
OF GAIN Power  Voltage or OF GAIN  Power Voltage or
Current Current
1.0 0.0 0.0 6.C 7.782 15,56
1.1 0.414 0.818 6,31 8.0 16.0
1.12 0.5 1.0 6.5 8.129 16.26
1.2 0.792 1.584 7.0 8.451 16.90
1.26 1.0 2.0 7.5 8.751 17.50
1.3 1.139 2.278 7.54 8.0 18.0
1.4 1.461 2,922
1.41 1.5 3.0 8.0 9.081 18.06
8.5 9.294 18. 59
1.5 1.761 3.522 9.0 9,542 15.08
1,59 2.0 4.0 9.5 9.777 18.55
1.6 2.041 4,082 10.0 10.0 20.0
1.7 2.304 4,608
1,79 2.5 5.0 11.0 10.41 20.83
1.8 2.553 5.106 12.0 10.79 21.58
1.9 2.788 5.576 13.0 11.14 22,28
1.99 3.0 6.0 14.0 11.46 22,92
15.0 11.76 23.52
2.0 3.010 6,020 16.0 12,04 24,08
2.1 3.222 6.444 17.0 12,30 24,61
2.2 5.424 6.848 18.0 12.55 25.10
2,24 3.5 7.0 15.0 12.79 25.58
2.3 3.617 7.234 19,95 13.0 26,0
2.4 3.802 7.604
20.0 13.01 26,02
2.5 3.979 7.958 25.0 13.98 27.96
2,51 4.0 8.0 25.12 14.0 28.0
2.6 4,150 8.300 30.0 14,77 29.54
2.7 4,314 8.628 31.62 15.0 - 30.0
2.8 4,472 8.944 35.0 15.44 30.88
2.82 4,5 9.0 39.81 16.0 32.0
2.9 4,624 9,248
40.0 16.02 32.04
3.0 4.771 9,542 45,0 16,53 33.06
3.16 5.0 10.0 5C.0 16.99 33.98
3.2 5.051 10.10 50.12 17.00 34.00
3.4 5.315 10.63 5§5.0 17.40 34,81
3.6 5.563 11.13 60.0 17.78 35.56
3.8 5.798 11.60 63,10 18.0 36.0
3.98 6.0 12.0 65.0 18.13 36, 26
4,0 6,021 12,04 70.0 18.45 36.90
4.2 6.232 12.46 75.0 18.75 37.50
4.4 6.435 12,87 79.43 19.0 38.0
4.6 6.628 13.26 80.0 19.03 38.06
4.8 6.812 13.62 85.0 19. 29 38.58
90.0 19,54 39.08
5.0 6.990 13.98 95.0 19.78 39.56
5,01 7.0 14.0 100.0 20.0 40.0
5.2 7.160 14,32
5.4 7.324 14,65
5,6 7.482 14.96
5.8 7.63¢ 15.27
6.0 7.782 15,56
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GAINS AND CORRESPONDING DECIBELS

RATIO DECIBELS DECIBELS RATIO DECIBELS DECIBELS

OF GAIN Power Voltoge or OF GAIN Power Voltoge or
Current Current
100  20.00 40.00 100, 000 50.0 100.0
120 20.79 41.58 200, 000 55.01 106.0
140 21.46 42.92 316, 200 55.C0 110.0
160 22.04 44.08 400,000 56.02 112.0
180 22.55 45.11 500, 000 56.99 114.0

750, 000 58.75 117.5
200 23.01 46.02

220 23.42 46.85 1,000, 000 60.0 120.0
240  23.80 47.60 2,000, 000 63.01 126.0
260 24.15 48.30 3,162,000 65.0 120.0
7280  24.47 48.94 4,000,000 66.02 132.0
5,000, 000 66.99 134.0
300 24.77 49,57 7,500,000 68,75 137.5
316 25.0 50.0
350 25.44 50.88 10, 000, 000 70.0 140.0
400 26.02 52.04 20,000, 000 73.01 146.0
450 26,53 53.06 31,620,000 75.0 150.0
40, 000, 000 76.02 152.0
500  26.99 53.98 50, 000, 000 76.99 154.0
600  27.78 55.56 75,000, 000 78.75 157.5
700 28.45 56.90
800  29.03 68,06 100,000, 000 80.0 160,0
900 29.54 59.08 200, 000, 000 83.01 166.0
316, 200,000 85.0 170.0
1,000 30.0 60.0 400, 000, 000 86,02 172.0
2,000 33.01 66.02 500, 000, 000 86,99 174.0
3,162 35.0 70.0 750,000, 000 88.75 177 5
4,000 36.02 72.04
5,000 36,99 73.98 1, 000, 000, 000 90.0 180.0

7,500 38.75 77.50 2,000, 000, 000 93.01 186.0
3,162, 000, 000 95.0 190.0

10,000 40.0 80.0 4,000, 000, 000 96,02 192.0
20,000 43.01 86.02 5,000, 000, 000 96.99 194.0
31,620 45.0 90.0 7,500, 000, 000 98.75 197.5

40,000 485.02 92.04 10, 000,000,000 100.0 200.0
50,000 46.99 93.98
75,000 48.75 97.50

100,000  50.00 100.00

If we assume a voltage of 10, denoted by E, and
another of 2, denoted by e, the corresponding powers
are E’/R and e'R. If R is the same in both cases it
may be cancelled, and the power ratio is E*/e:. With
the assumed values for E and e,

E/e* = 10°/2* = 100/4 = 25

The common logarithm of 25 is 1.398. Multiplying by
10, to find the number of decibels, gives,

10 X 1.398 = 13.98 decibels.
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This value of 13.98 decibels for a voltage ratio of 5
is double the value of 699 decibels shown in the table
for a power ratio of 5.

The formula for decibels corresponding to voltage
(E) ratios or current (I) ratios, when the resistances or
impedances are equal for both voltages or both cur-

rents, is,
Db =20 X (common of E or I)
log e ort

From the foregoing explanation it is apparent that
any differences between the resistances or impedances
would prevent cancelling them from the power equiva-
lents, and the power ratio no longer would be equivalent
to E*/e* or to I’/i*. Consequently, voltage or current
ratios may be expressed in decibels only when both
values are measured in the same resistances or imped-
ances.

Since decibels indicate only the difference between
two powers, or only the ratio of one power to another,
a number of decibels taken by itself has no equivalent
in watts of power unless it is also stated that the smaller
or larger power is of a certain number of watts. Unless
otherwise stated, the reference level usually is taken as
0.006 watt or 6 milliwatts of power, and this rate of
power is that for zero decibels. The resistance or im-
pedance may be taken as either 500 or 600 ohms, some-
times one and sometimes the other.

To determine an actual power in watts correspond-
ing to a certain number of decibels above or below a
reference level of 0.006 watt, this power of 0.006 watt is
multiplied by the ratio of gain or of loss corresponding
to the given number of decibels. For example, assum-
ing a gain of 5 decibels, for which the power ratio is
3.16 (from the table) the final power would be,

3.16 X 0.006 == 0.019 watts, approximately.

Losses and Decibels.—In the table, Losses and Corre-
sponding Decibels, are listed ratios of loss or attenuation
and the corresponding numbers of decibels when the
ratios are of powers or are of voltages or currents. When
the output power or final power is less than the input
power or initial power the ratio is a fraction less than 1,
and shows a loss

Ratio = output power, voltage, or current
input power, voltage, or current

Suppose, for example, that the out[;lut; power is 15
watts and the input power 75 watts. The ratio is 15/75
or 020. The table shows, for a loss ratio of 020, a corre-
sponding loss of 6990 decibels. Were there the same
ratio of 0.20 between voltages or currents the loss would
be 13.98 decibels.



LOSSES AND CORRES PONDING DECIBELS

RATIO DECIBELS DECIBELS RATIO  DECIBELS DECIBELS

OF LOSS Power Voltage or OF LOSS Power Voltoge or
Current Current

0.98 0.086  0.172 0.010 20.00  40.00
.96 179 .358 .008 20,97  41.94
.94 . 269 .538 L006 22,22 44.44
.92 .362 724 .004 23.98  47.96
.90 .457 .94 .0032 25.0 50,0
.891 .50 1.00 L002 26,99 53,98
0.85 .704  1.408 L0010 30.0 60.0
.80 .969  1.938 .0008  30.97  61.94
L7194 1.00 2,00 L0006 32,22  64.44
.75 1.248 2,496 .0004 33.98 67,96
.708  1.50 3.00 .00032 35.00  70.00
.70 1.550  3.100 .0002 36.99 73,98
0.65 1.870  3.740 .00010 40.00  80.00
631 2,00 4.00 .00008 40,97  81.94
.60 2.219  4.438 .00006 42.22 84,44
.562 2,50 5.00 .00004 43.98  87.96
.55 2.596  5.192 .000032 45.00  90.00
.501  3.00 6.00 .00002 46,99  93.98
0.50 3.010  6.020 .000010  50.00  100.0
.48 3.187  6.394 .000008 50,97  101.9
.46 3.373 6,746 .000006 52,22  104.4
.44 3.566 7,132 .000004 53.98  108.0
.42 3.768  7.536 .0000032 55.00  110.0
.40 3,979 7,958 .000002 56,99  114.0
0.398  4.00  8.00 .0000010 60.00  120.0
.38 4.203  '8.406 .0000008  60.97  121.9
.36 4,437 8.874 .0000006  62.22  124.4
.34 4.685  9.370 .0C00004 63,98  128.0
333 4.771  9.542 00000032 65,0 130.0
.32 4.949  9.89% .0000002 66.99  134.0

.316 5.00 10.00

0.30 5.228 10.46 .00000010 70,00 140.0

.00000008  70.97 141.9

-Zgl g-gge i;-gg .0C000006  72.22  144.4
. S0 129 .00000004 73.98  148.0
-:g s'gso 12'98 .000000032 75.00  150.0
0 . . 00 2 76, 0
B e P 0600000 6.99  154.0
0.18 oam SR .000000010 80,00  160.0

.000000008  80.97 161.9
.000C00006  B82.22 164.4
.000000004 83,98 168.0
.0000000032 85.00 170.0
. 000000002 86,99 174.0

«159 8.00 16.00
14 8.537 17.07
126 9.00 18.00
.10 10.00 20.00

o:gg ;2;;3 22;31 ;  +0000000010 90.00  180.0
‘o7 11.55  23.10  +0000000008  90.97  181.9
06 l2.22  24.44  +0000000006 92,22  184.4
T05 13.01 26,02  +0000000004 93.98  188.0

. 00000CC0032 95,00 190.0
0.04 13.98 27.96 .0000000002  96.99 194.0
.0316 15.00 30.00

‘02 16.99  33.98 0000000001 100.0  200.0
.015  18.24  36.48
.01 20.00  40.00
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Note that the loss in decibels for a loss ratio of 0.20,
which is a ratio of 1/5, is the same as the gain in deci-
bels for a gain ratio of 5.0, which is a ratio of 5/1. The
loss and the gain are reciprocals, each of the other, for
the same number of decibels.

Loudness of Sounds.—The loudness of a sound may be
expressed in several different ways; in the pressure ex-
erted by the sound waves in air, in the power represented
by the rate of energy dissipation due to the sound
waves, and in decibels representing the increase above
some selected minimum level. The minimum level in
any case is the least which will affect an average normal
human ear when the frequency is that for which the
average ear is most sensitive, This minimum level is
gallled the threshold of hearing or the threshold of audi-

ility.

If measurements are of sound pressures, the usual
unit of pressure is the bar, which is a pressure of one
dyne per square centimeter. A dyne is a force equal to
0.00000225 pound, and a bar (dyne per sq. cm.) is equal
to 0.00209 pound per square foot. The threshold often
is taken as 00002 bar, or as 0.0002 dyne per square

LOUDNESS OF SOUNDS

Kind of Sound D;:s:;:;z Decibels
Threshold of feeling 3000.0. 143.5
Hammer blows on steel plate, 2 ft, 100.2 114
Boiler factory 32,¢0 106
Riveter, 35 ft, 14.16 97
Elevated railroad train, 15-20 ft, 6,32 90
Motor truck, heavy, 15-20 ft. 1.13 75
Orchestra, full . 710 71
Traffic, busy street . 564 69
Conversation, ordincry, 3 ft, .356 65
Street sounds, residential 178 59
Automodbile, 15-50 ft, L0632 50
Cffice sounds, average .0448 47
Residence, noisy . 0356 45
usic, soft . 0200 40
Residence, average .C071 31
Yhisper, 4 ft, .Coz20 20
Leaves rustling, gentle breezs . 00063 10

Threshold of hearing . 00020 Qo
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centimeter. If measurements are in units of power, the
corresponding threshold level is 0.0000000000001 milli-
watt. For either of these threshold levels, which are
taken as reference levels, the decibels are taken as zero
and the ratios of increases in loudness are expressed as
decibels above the zero reference level.

The accompanying table, Loudness of Sounds, lists
values for various common sounds. Such tables are
useful chiefly for showing comparative levels of sound
intensities, since the valucs are the merest approxima-
tions in any case.

The threshold of audibility varies with sound fre-
quency about as follows:

THRESHOLD OF AUDIBILITY

Frequency, Pressure Frequency, Pressure
cycles dynes/cm? cycles dynes/cm?
32 2.100 1000 0.00052
64 0.120 2000 0.00040
128 0.021 4000 0.00043
256 0.0040 8000 0.0030
512 0.0011 16000 0.18

Sound Velocities.—Sound velocities in feet per second, at
usual room temperatures unless otherwise specified, are
listed in the accompanying table.
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Fig. 16-1. Average relations between power and cone diameter in
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SOUND VELOCITIES

Material  Ft. per Sec. Material Ft. per Sec.
Air, 0° F, ) Copper 11,700
Air, 32° 1,086 Cork 1,650
Air, 70° 1,127 Glass 16,500 to 19,500
Air, 100° 1,160 Iron, cast 12,400
Aluminum 16,800 Steel 16,500
Brick 12,000 Water, fresh 4,800

LOUD SPEAKERS

Fig. 16-1 shows the relation between cone diameter
and normal undistorted power output for typical speak-
ers having either permanent magnet or electromagnetic
fields. Average performance is shown by the full-line
curve. The upper and lower limits shown by the broken
line curves are affected by various factors in construc-
tion. One factor is the diameter of the voice coil used
with a cone of given diameter. The greater the diam-
eter of the voice coil the higher may be the power out-
put. Power outputs are measured in line with the axis
of the speaker, and at _a point close enough to the cone
so that the focusing effect is maximum,

The upper curve of Fig. 16-2 shows, in a_general way,
the manncr in which the impedance of a voice coil varies
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Fig. 16-2. Effect of sound frequency on voice coil impedance and on
sound pressure output of typical speakers.
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with frequency. Usually there is a point of low-frequency
resonance, here shown at around 50 cycles, where the
impedance rises to a relatively high value. The imped-
ance falls to a minimum somewhere around 400 cycles,
which is the frequency at which speaker performance
often is measured. Then there is a fairly steady rise
of impedance into the higher frequencies. The curve
represents a voice coil having a nominal impedance of
6 to 8 ohms.

The lower curve of Fig. 16-2 shows how the out-
put sound pressure usually varies with frequency. The
speaker response or output is maximum through the
middle frequencies, and 1s relatively low at the lowest
and highest frequencies. The decreases of power at the
bottom and top of the frequency range are due largely
to the increases of voice coil impedance at these regions.

Electromagnetic Field Windings.—The resistances of field
coils for electrodynamic speakers ordinarily are some- .
where between 300 and 5,000 ohms. The number of watts
of power put into the field winding usually is about
equal to, or may be somewhat more than, the normal
undistorted power output from the speaker. That is, a
5-watt speaker might use 5 to 7 watts in the field.

The tables, Electrodynamic Speaker Field Cotls, list
for various powers in watts used in field coils of various
resistances in ohms, the voltage drops and the current
through the field winding.

For an example in using the table, assume that 4 watts
of power is used in a field winding of 1200 ohms resist-
ance. In the last column of the first section of the
table, under the heading 4 Watts, and on the horizontal
line for 1200 ohms in the coil, as read from the first
column, it is shown that the potential drop will be 69.6
volts with a current of 58 milliamperes. If the field coil
is in series with the plate circuits, 69.6 volts of the
total potential from the rectifier will be used in the field
coil when the current is 58 milliamperes. If the current
is decreased in the same coil, the voltage drop and the
power dissipation will decrease, while an increase of
current will raise the voltage drop and power dissipation;
all as shown by following along the 1200-ohm lines of
the table sections.

Doubling the field coil resistance and using the same
current will double the voltage drop and double the
number of watts. Doubling the field resistance while
maintaining the same voltage drop means halving the
current and halving the power. For any given field
power, the voltage drop is increased and the current
decreased by more field resistance, while there is less
voltage drop and more current with less resistance. So
long as the power remains unchanged, the product of
volts drop and milliamperes current remains unchanged.



ELECTRODYNAMIC SPEAKER FIELD COILS
1 Watt

OHMS
In

Coil

300
400
500

600
700
800

800
1000
1200

1400
1600
1800

2000
2250
2500

3000
3500
4000

4500
5000

300
400
500

600
700
800

800
1000
1200

1400
1600
1800

2000
2250
2500

3000
3500
4000

4500
5000

Volts

17.3
20.0
22.4

24.6
26.6
28.0

30.0
31.6
34.7

37.4
40,0
42.5

44.8
47.5
50.0

55.0
59.1
63.2

67.0
70.5

Milli-
amps

58
50
45

41
38
35

33.3
31.6
28.9
26.7

25.0
23.6

22.4
2.1
20.0

18.3
15.9
15.8

14.9
14.1

5 Watts

38.7
44.8
50.0

54.6
59.5
63.2

67.5
71.0
78.0

84.0
89.6
95.4

100
106
113

123
133
140

150
158

129
112
100

91
85
79

75
71
65

60
56
53

50
47
45

41
38
35

33.3
31.6

2 Watts
Milli-
Volts amps
24.5 82
28.4 71
31.7 63
34.8 58
37.8 54
40.0 50
42.3 47
45.0 45
4.2 41
53.2 38
56.0 35
60.0 33
63.2 31.6
67.0 29.8
70.8 28.3
77.4 25.8
83.6 23.9
89.6 22.4
95.0 21.1
100 20,0
6 Watts
42.% 141
49.2 123
54.8 110
60.0 100
65.0 93
69.6 87
73.8 82
78.0 78
85.2 71
92.4 66
97.6 61
104 58
110 55
117 52
123 49
135 45
144 41
156 39
164 36.5
173 34.6

308

3 Waits

Milli-
Volts amps
30.0 100
34.8 87
38.8 78
42.6 71
46.2 66
48.8 61
52.2 58
55.0 55
60.0 50
64.4 46
68.8 43
74.0 41
78.0 39
81.0 36
87,5 35
85.0 31.6
103 29.3
110 27.4
116 25.8
123 24,5

7 Watts

45,9 153
52.8 132
59.2 118
64.8 108
70.C0 100
T4.4 93
79.2 88
84,0 84
91.2 76
99.4 71
106 66
112 62
118 59
124 55
133 53
144 48
158 45
168 42
176 39
185 37

4 Watts
Milli-
Volts amps
34.5 115
40.0 100
44,7 89
49.2 82
53.2 76
56.8 71
60.3 67
63.0 63
69.6 58
75.6 54
80.0 S50
85.0 47
80.0 45
94.5 42
100 40
110 36.5
118 33.8
127 31.6
134 29.8
142 28,3
8 Watts
48.9 163
56.4 141
63.3 127
69,0 115
74,9 107
80.0 100
84.6 94
89.0 89
98.4 82
106 76
114 71
121 67
126 63
135 60
143 57
156 52
168 48
180 45
189 42
200 40



ELECTRODYNAMIC SPEAKER FIELD COILS
10 Watts

OHMS
In
Coil

300
400
500

600
700
800

Q00
1000
1200

1400
1600
1800

2000
2250
2500

3000
3500
4000

4500
5000

300
400
500

600
700
800

900
1000
1200

1400
1600
1800

2000
2250
2500

3000
3500
4000

4500
5000

Volts Milki Volts
-amps -

54.9
63.2
70.7

77.4
84.0
89.6

94,5
100
109

119
127
135

142
151
158

174
189
200

212
225

183
158
141

129
120
112

105
100
91

85
79
75

71
67
63

58
54
50

47
45

21 Watts

79.5
91.6
105

112
121
130

138
145
158

172
184
165

208
218
230

252
270
288

306
325

265
229
205

187
173
162

153
145
132

123
115
108

103
97
g2

84
77
72

68
65

12 Watts
Milli
amps

60.0 200
72.8 182
77.5 155
84,6 141
91.7 131
98.4 123
104 115
110 110
120 100
129 92
139 87
148 82
154 77
164 73
173 69
189 63
207 59
220 55
234 52
245 49
25 Woatts
86,7 289
100 250
112 224
123 204
132 189
142 177
150 167
158 158
173 144
186 133
200 125
212 118
224 112
236 105
250 100
275 91
298 85
326 79
337 75
355 71

309

15 Watts
Volts Mill
-amps
67.2 <24
77.6 194
86.5 173
54.8 158
102 146
110 137
116 129
123 123
134 112
144 103
155 97
164 91
174 87
185 82
193 77
213 71
231 66
244 61
261 58
275 55
30 Watts
4.8 316
110 274
123 245
134 224
145 207
155 194
164 182
173 173
190 158
204 146
218 137
232 129
246 123
259 115
275 110
300 100
322 92
348 a7
368 82
385 T7

18 Watts
Volts Milli
~-amps
73.5 245
84.8 212
95,0 190
104 173
112 160
120 150
127 141
134 134
148 123
160 1124
170 106
180 100
190 95
200 89
213 85
231 77
252 72
268 67
284 63
300 60
35 Watts
103 342
118 296
133 265
145 242
157 224
166 207
177 197
187 187
205 171
211  1%8
237 148
252 140
264 132
281 125
295 118
324 108
350 100
376 94
396 88
420 84



310 COYNE RADIO HANDBOOK

Baffling.—When the cone or other radiating member of
a loud speaker moves in one direction during part of
a cycle, air is forced away from the front of the cone
and drawn toward the back at the same instant. In
whatever portion of air that moves around the edge of
the cone the two air movements cancel, and no move-
ment is caused to travel away from the speaker in the
form of sound waves. The sound waves may be forced
to travel relatively long paths between front and back
of the cone, as in"the flat baffle at the left in Fig. 16-3
or the box-type bafle at the right, whereupon most of
the sound energy is radiated into the surrounding space.

The shortest distance from the front of the cone
around to its back is the sum of the distances 4, B
and C, in Fig. 16-3. The greater this minimum total

Fig. 16-3. Measurements of baftle dimensions.

distance, the lower the sound frequency that will be
radiated without undue loss from cancellation between
front and back pressures. The following formulas show
relations between the sum of the distances 4, B and C
in the diagrams and the lowest sound frequency which
ig not to be partially cancelled.
—282 g5
= 5
D, total distance, in feet, from front to back edges of
cone.
f, sound frequency, cycles.

Phasing of Loud Speakers.—When two or more speakers
‘are operated from the a-f output of the same amplifier,
with the voice coils connected either in parallel or in
series across the output transformer, all the cones or
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radiators must move outward together and move inward
together in order that maximum energy of sound may
be delivered to the surrounding space. Connecting the
voice coils so that this condition is satisfied is called
phasing the speakers.

One method of phasing is shown by Fig. 164. The
leads to the voice coils are disconnected from the sec-
ondary of the output transformer and connected in series
with a battery and a capacitor C. When connection 4
is touched to one battery terminal the capacitor is
charged by a momentary pulse of current flowing
through the voice coils, and when touched to the other
battery terminal the capacitor discharges with another
current pulse through the coils. A capacitor of 1-mfd.
size and a battery of 22% volts or less will give ample
current pulses for most speakers. Smaller capacitors
and more battery potential, or vite versa, will give the
same results.

Disconnec_t)

I A\\\\
/ \‘J // 4
: r"» I /
] Voice A
Coils

Fig. 16-4. Test connections for phasing two loud speakers.

’Baftery

=t

The direction of motion of the cones may be watched
as the pulses are applied, or the direction may be noted
by touching the cones lightly with the finger tips. If
the speakers are of the electrodynamic type the field
coils must be excited during the tests. The direction
of motion of a cone may be reversed by reversing the
connections to its voice coil. With electrodynamic
speakers the direction may be reversed by reversing
the connections to either the voice coil or the field coil,
but not to both coils.

Speaker Coupling Transformers.—In the table of tube char-
acteristics in the section on Receiving Tubes in this
book are listed output loads in ohms for the various
power tubes. These are the loads assumed to be in
the plate circuit of the power tube for the listed power
output. The actual impedance of the loud speaker
input, which usually is the impedance of the voice coil,
is not the same as the resistance desired for the tube
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RED - Start GREEN
BLACK
Finish ]
BLACK—-RED Start
YELLOW-RED Finish
RED
Start GREEN
BLACK
BLUE i
Finish
i CLLLD
BLACK-RED Start
YELLOW-RED  }(B+) Finish
BLUE or BROWN Start GREEN

BLUE
Finish

LI

BLACK-RED Start
YELLOW-RED [(B+) _ Finish
BLUE or BROWN :nm GREEN
[o]
RED P BLACK

BLUE Finish

—

BLACK~RED Start

YELLOW-~-RED Finish
Fig. 16-5. Standard RMA color coding for speaker connection plugs.
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load, and so the speaker is coupled into the plate cir-
cuit by means of a matching transformer usua ly called
the output transformer.

The inductance of the transformer primary determines
in great measure the lowest audio frequency at which
there is satisfactory transfer of power. For any given
tube the frequency is inversely proportional to the pri-
mary inductance. For instance, if an inductance of
7 henrys gives the desired response at 150 cycles, it will
take an inductance of 14 henrys to give an equally good
response at 75 cycles.

he turns ratio of the output transformer, primary
to secondary, depends on the relation of the desired load
resistance (as listed in the tube tables) to the actual
load impedance or to the speaker input impedance. The
following formula gives the approximate desirable turns
ratio.

Ratio pri. to sec.= \/

desired load resistance, ohms
actual load resistance, ohms

Ezample: For a 6K6 power tube the load resistance
is shown by the tube table as 7600 ohms. This tube is
to be matched to a voice coil having an impedance of
7 ohms at a frequency of 400 cycles. What should be
the transformer turns ratio?

Ratio = \/ @'9 — /1086 = 32.96

The primary winding then should have 3296 times
as many turns as the secondary winding, with the pri-
mary in the plate circuit and the secondary in the voice
coil circuit. Then the 7-ohm impedance of the voice
coil will “appear” in the plate circuit like 7600 ohms.

Speaker Plug Color Code.—Standard color coding for au-
dio-frequency transformers, including speaker coupling
transformers, is shown in the section of this book deal-
ing with Transformers. Fig. 16-5 shows color coding
and locations for connections made from the speaker
and output transformer through a plug. Connections to
the plug pins are shown when looking at the bottom
of the plug, or with the pins pointing toward you.

PUBLIC ADDRESS SYSTEMS

Fig. 16-6, showing the relations between power output
in watts of the amplifiers or loud speakers, and the areas
in square feet which are to be served by the sound
gystem, represents the average of common practice in
this field rather than any particular rules or formulas.
The full-line curve 4 applies indoors for conditions usu-
ally encountered where public address systems are used.
This includes auditoriums, dance halls, dining places,
churches, and wherever people gather in fairly large
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numbers, This curve applies when the loud speakers
have efficient projectors or horns for a full range of
frequencies. The dot-dash curve B applies indoors where
conditions are unfavorable. Such conditions are found
in factories, skating rinks, and other places where the
normal noise level is high. This curve applies also when
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Fig. 16-6. Usual practice in selection of amplifier and loud speaker
power output in accordance with the area to be served.

the loud speakers are intentionally limited in frequency
range, as when they are “softened” to emphasize lower
notes, or in any case where the speaker sound output is
considerably less than the full power handling ability of
the amplifier.

The broken-line curve C of Fig. 16-6 applies out of
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doors. It is assumed that the loud speakers are fairly
directional, so that most of the sound energy is directed
into the area occupied by the people present. It is this
occupied area that is to be read from the graph.

It must be kept in mind that Fig, 16-6 represents
only averages. The areas which may be effectively cov-
ered are almost anything from 60% to 160% of those
indicated by the curves, and the power required may
be from about 60% to 150% of that indicated. Much
of the possible variation is cared for by volume adjust-
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Room Volume- Cubic Feet
Fig. 16-7, Desirable reverberation periods for various room volumes,

ments or by power output and input adjustments in
the amplifiers. Available power often may be used more
effectively by employing more small speakers rather
than fewer large ones, also by using types of baffles or
projectors that either spread the sound or else confine
and direct it, as may be required for the proportions
of the space to be served. Flat baffles spread the sound,
while trumpet and projector types confine and direct
the sound in greater or less degree.
Reverberation.—Reverberation means a continuation of
sound within an enclosure because of reflection of the
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sound waves back and forth between walls and other
surfaces forming an enclosure. A certain amount of re-
verberation is desirable to make speech and music sound
natural, but too much allows so great interference as
to make the sounds unintelligible, especially speech.
The period of reverberation is the number of seconds
required for a sound to decrease in intensity by 60 deci-
bels after the sound source ceases to act. The period is
increased by greater room volumes, and is decreased by
the presence of surfaces which absorb rather than re-
flect the sound waves. Sabine’s formula for reverbera-
tion period is,

room volume, cu. feet

20 X absorption units

One absorption unit is the dissipation for sound energy
that occurs when the sound waves reach a clear opening
one foot square. Energy passing into such an opening
is assumed to disappear completely.

Fig. 16-7 shows reverbertion periods in seconds which
are usually considered as desirable for rooms of vari-
ous cubic foot volumes. For example, in a room of 60,000
cubic foot volume the period is read from the curve as
1.4 seconds.

Reverberation, seconds =

SOUND ABSORPTION UNITS

at 512 Cycles

Brick, in Portland cement................... 0.025/5q. ft.
L7 o1 S 015t0 29 sq.ft.
Celotex, regular .......c....covuvuvvnennnn.. 22 sq.ft.

acoustic, Type B ............cccvivvnnn.. 47 sq.ft.

acoustic, Type BB .............coou.... .70 sq.ft.
Conerete .ovuniinii e 015 sq. ft.
Cork tile w.vvvieeninii i, 03 sq.ft.
Cretonne cloth .........ccvoveeevenenn.... 15 sq.ft.
Curtaing, in heavy folds.................... 50 sq.ft.
Flaxlinum, % inch......................... 34 sq.ft.
Glass, window, Sill\:ldgle thick.................. 027 sq. ft.
Hairfelt (Johns Manville), % inch.......... 31 sq.ft.

linch voiniiii i 55 sq.ft.
Linoleum 030 sq. ft.
Marble ....ovvniiiiii 010 sq. ft.
Nashkote, Type A, % inch................. 27 sq.ft.
Opening, clear (windows, doors)............. 100 sq.ft.
Plaster, smooth ...cvveveiinininnnnn. . 25t0 .34 sq.ft.

acoustic, Sabinite ............. ... ..., 21 sq.ft.
Tile, Sanacoustic, 1 inch, with rock wool filler .74 sq.ft.
Wood, rough sheathing..................... 061 sq. ft.

varnished ..., 030 sq. ft.
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Persons in audience.............coiiiiiiinnn 4.7 each

Chairs, completely upholstercd............... 3.0 each
partly upholstered ........................ 16 each
plain plywood ......... ... ... ... ieie.... 24 each

Church pews, upholstered.............. up to 16 lin. ft.
plain ... e e .18 lin. ft.

The absorption units listed in the table are for a
sound frequency of 512 cycles. Considering the absorp-
tion at this frequency as being 100%, the relative ab-
?olrlption at lower and higher frequencies varies about as
ollows.

128 cycles ......... 22% 1000 cycles ......... 132%
256 cycles ......... 61% 2000 cyclcs ......... 118%
512 cycles ......... 100% 4000 cycles ......... 107%

According to Sabine’s formula, the required number
of absorption units is,
room volume, cu. feet
20 X reverberation period, secs.
In the room of 60,000 cu. ft. volume requiring a period
of 1.4 seconds, the required number of absorption units
would be,

Absorption units =

60000
= 2142
20x 14

Every enclosure has a large number of absorption
units in the surfaces of its structural elements. Addi-
tional absorption, when needed, may be supplied with
hanging draperies, sound absorbing coverings for walls
and ceiling and floor, with upholstered furniture, and
such items.

The accompanying table, Sound Absorption Units, lists
the number of absorption units, called also coefficients
of absorption, of various surfaces per square foot area.
The values for the materials represent the fractions of
sound energy absorbed. For instance, a material having
an absorption of 025 absorbs 025 or % of the sound
energy and reflects the remainder.

Microphone Ratings.—Microphone outputs or responses
usually are specified as being “down” so many decibels.
This rating may be based on an output of one volt into
an open circuit as corresponding to the reference level
of zero decibels. The rated output is based on a sound
input of one volt per bar, or one volt per dyne per
square centimeter. When the rating is that of voltage
across an open circuit, and the microphone actually is
coupled to the input of an amplifier, or even directly
to the grid of an amplifying tube, the output will fall
to about 6 decibels less than the open circuit rating.
Listed output ratings run about as follows for gener-
ally used types of microphomes.

Absorption units =
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Carbon, 1 or 2-button..... —30 to —42 db Avg. —38
Dynamic, moving coil...... —50 to —60 db Avg. —55
Velocity or ribbon......... —64 to —68 db Avg. —65
Crystal ........covnvnn.... —48 to —62 db Avg. —52

Sound Frequency Ranges.—The accompanying table, Sound
Frequency Ranges, lists the extent of fundamental sound
frequencies produced by voices and musical instruments
of various types. Overtones or harmonics extend the
high-frequency end of the scale.

SOUND FREQUENCY RANGES

Bass clarinet 81 to 488 cycles
Bass tuba 43 to 345 "
Bass viol 40 to 244 g
Bassoon 61 to 488 "
Cello 65 to 691 "
Clarinet 173 to 1550 "
Cornet 163 to 1035 "
Flute 259 to 2323 "
French horn 109 to 870 "
Oboe 244 to 1740 g
Organ 20 to 8276 "
Piano 27 to 3480 "
Piccolo 517 to 4138 "
Trombone 81,to 488 "
Trumpet 163 to 1035 "
Viola 129 to 1161 "
Violin 194 to 3100 "
Voice: alto 192 to 683 "
baritone 96 to 384 "
bass 85 to 320 "
soprano 256 to 1152 "

tenor 128 to 512 "



Section 17
METERS AND MEASUREMENTS

The basic indicating element for current or for po-
tential difference in radio measuring instruments is the
permanent-magnet moving-coil unit consisting of a coil
or armature winding mounted so that it may rotate
through a part of a turn in the field of a strong perma-
nent magnet, with rotation opposed by increasing ten-
sion of a coiled spring. The application of this unit for
Frioil_? i;inds of measurements is shown in principle by

ig. 17-1.

%‘h‘e permanent-magnet moving-coil unit must be
actuated by direct current flowing in the moving coil
to produce a magnetic field that reacts with the field
of the permanent magnet to cause rotation of the coil
and its supporting armature structure. The internal
resistance of the meter movement is the resistance of
the coil. In usual high grade instruments this resistance
may be between 50 and 150 ohms when a current of
200 to 500 microamperes is required to move the coil
so that the attached pointer moves all the way across
the dial scale, or moves to full-scale. In movements
requiring currents of 1 to 1.5 milliamperes for full-scale
deflection the coil resistance may be in the neighbor-
hood of 20 to 50 ohms. In 2 milliampere movements
typical resistances are 15 to 30 ohms, and in 5-milli-
ampere types 10 to 15 ohms.

Referring to Fig. 17-1, direct currents within the
range which may flow tfxrough the moving coil are
measured by connecting the coll terminals in series with
the circuit wherein the current is to be measured, as in
diagram A. Larger direct currents are measured as at
B, where a shunt resistor is connected between the coil
terminals and in series with the measured circuit. The
total measured current divides between the shunt and
the moving coil inversely as their resistances. Thus
large currents may be measured by diverting a small
but proportionate part through the meter coil, with the
remainder going through the shunt.

Direct potentials or d-¢ voltages are measured as in
diagram C, where a multiplier resistor is connected in
series with the meter coil and the source of potential
difference. The greater the resistance of the multiplier
the greater must be the applied potential difference in
order that enough current may go through the coil to
cause a given deflection of the pointer across its scale.

Alternating currents and potentials of all frequencies
up to and through the audio-frequency range are meas-
ured by means of rectifier meters as in diagrams D and E

319
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of Fig. 17-1. The moving coil of the meter is connected
to the d-c output of a bridge type full-wave rectifier,
usually of the copper-oxide contact type, and the a-c

Current Current Potential
A B C
SHUNT
R MULTIPLIER
DC DC DC
Current Potential
E
AC
Current Potential
G

/Thermocouple ~

Multiplier

o [ e

Fig. 17-1. Connections of moving coil etement for d-c and a-c
measurements of current and potential difference.

circuit is connected to the input of the rectifier. For
current measurements a shunt may be connected as
shown in diagram D, or may be across the moving coil
terminals. For voltage measurements the multiplier re-
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sistor is connected in series with the potential source, as
at E, to prevent excessive current through the rectifier
as well as the moving coil.

Alternating currents and potentials of all frequencies
up to several megacycles may be measured with good
accuracy with the thermocouple meters shown by dia-
grams F and G of Fig. 17-1. High-frequency thermo-
couples may be enclosed within an evacuated glass
envelope, like that for a miniature radio tube. The
thermocouple consists of two dissimilar metals, such
as copper or an iron alloy and constantan, soldered or
welded together at a junction point which is in contact
with .a heater wire carrying alternating current to be
measured. Heat produced by current flow generates a
potential difference at the thermocouple junction and
causes direct current to flow through the thermocouple
junction and the connected meter coil.

Voltmeter Sensitivity. —The sensitivity of voltmeters usu-
ally is expressed as the number of ohms per volt. This
sensitivity is determined by dividing the total resistance
of the meter, including that of any multiplier resistor,
by the number of volts indicated at the full seale read-
ing. For example, if the total resistance of a meter
reading from 0 to 100 volts is 50,000 ohms, the sensi-
tivity in ohms per volt is equal to 50,000 divided by 100,
or to 500 ohms per volt. For this meter the current at
full scale would be found by dividing the applied voltage
(100) by the total resistance (50,000), giving 0.002 am-
pere or 2 milliamperes current for full-scale deflection.
Full-scale current for any sensitivity is found thus,

1000

Full-scale milliamps. = =Y
ohms per volt

Accuracy of Meters.—Meter accuracy usually is expressed
as a percentage of the full-scale reading. For example,
a 100-volt meter of 2% accuracy may have an error of
2% of 100 volts, which is a possible error, plus or minus,
of 2 volts. This error may exist anywhere on the scale.
If this meter reads 50 volts the actual applied potential
difference may be 2 volts less than 50 or 2 volts more
than 50, which means an actual potential difference of
between 48 and 52 volts. At a reading of 10 volts the
actual potential may be 2 volts more or less than 10,
or may be from 8 to 12 volts. The actual percentage
error, as distinguished from the rated percentage of
accuracy, becomes greater and greater as the readings
decrease. Consequently, every meter should be used as
nearly as convenient to its full-scale reading. Attempt-
ing to measure differences of one or two volts or milli-
amperes near the bottom of the scale on an instrument
having a full scale reading of 20 or more units does not
give dependable indications.
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Choice of Meter Resistances—Current-measuring meters
such as microammeters, milliammeters, and ammeters,
should have low resistances—the lower the better—
because these instruments are connected in series with
the line carrying the measured current, and the less the
resistance added by the meter itself the less will be the
reduction of current below the value flowing before
inserting the meter. This applies especially to measure-
ments of current in low-resistance circuits. The error
introduced by the meter resistance is nearly equal to
the ratio of meter resistance to circuit resistance. For
instance, inserting a 20-ohm current meter in series with
a 200-ohm ecircuit will reduce the measured current to
about 0.91 or 91% of the flow without the meter.

Voltmeters should have the highest possible resist-
ance, because they are connected across points whose

i 3.18 Milliamps
350 Vg 127 Volts ©
40000 Ohms 40000 Ohms 100,000
Onms
i80 60V
Volts 20,000 180 20000
Ohms Ohms
¥__w_——J
16,667 Ohms
3.18 Milliomps
53 Volts

Fig. 17-2. The cffect of connecting a voltmeter to a circuit.

potential difference is to be measured, and the higher
the meter resistance the less is its shunting effeet and
the less current is diverted from the measured circuit
to flow through the meter.

Fig 17-2 illustrates an example of what happens when
using a voltmeter. At the left is a circuit containing a
total of 60,000 ohms -of series resistance. With 180
volts applied, the current is 3.0 milliamperes. The
potential drop acrnss the 20,000-chm resistor is 60 volts.
In the right-hand diagram the potential across the
20.000-ohm resistor is being measured with a voltmeter
whose resistance is 100,000 ohms. The parallel resistance
of the meter and the 20,000-ohm unit is 16,667 ohms.
Now the total circuit resistance is 16,667 -+ 40,000 —
56,667 ohms, and so the current increases to 3.18 milli-
amperes. The potential drop across the 40.000-ohm
resistor rises to 127 volts, and the drop across the meter
and the 20,000-ohm unit in parallel 1s 53 volts. Thus
the meter indicates 53 volts, whereas the drop without
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the meter in use is 60 volts, making an error of 14 per
cent even with a meter of fairly high resistance.

Rectifier Meters—With the rectifier meter, whose prin-
ciple is shown at D and E of Fig. 17-1, the full-wave
rectifier may be built into the meter case or else may
be mounted outside the meter and connected between
the a-c line and the moving coil. Small rectifiers, espe-
cially designed for this service, are available in various
maximum current ratings such as 5, 10, 15, 20 or 50
milliamperes as required for use with various d-c cur-
rent meters.

Rectifier meters should be used, if possible, at tem-
peratures between 65° and 95° F. At lower or higher
temperatures there may be a considerable increase in
the error of readings. These meters are calibrated for
sine wave alternating currents and potentials, and for
r-m-3 values. There may be serious errors in readings
for wave forms that are not approximately of sine form.
The resistance of the meter and rectifier is least at

Alternating Current
a0 O

40

60

Direct Current

Fig. 17-3. A-c readings oa rcctifier moter compared with d-c readings
without the rectifier.

full-scale, and increases for smaller currents through the
meter. The resistance in the lower part of the scale
may be about double that for full-seale. Readings de-
crease in proportion to actual current as the frequency
increases, the rate of decrease in some popular types
of rectifier meters being about one per cent for each
frequency increase of 2,000 cycles. The accuracy of good
quality rectifier meters is in the neighborhood of 5% of
the full-scale reading when the meters are used in the de-
sirable temperature range and on approximate sine wave
currents and potentials.

When the same meter movement is used for direct-
current measurements and then for alternating-current
measurements with a rectifier, the readings with the
rectifier will be slightly crowded at the lower end of the
scale, as shown by Fig. 17-3 for a typical combination.

Meter Resistance Measuremnt.—In the selection of resis-
tors for meter shunts and multipliers it is necessary
to know the internal resistance of the meter movement
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or the resistance of the moving coil. The resistance of
some meters is marked on the dial or on a nameplate.
Otherwise it may be measured as shown by Fig. 17-4.
The meter is connected in series with a battery and a
fixed resistor of such values that the reading is some-
thing less than full scale. Then an adjustable resistor
is connected across the meter as shown by broken lines.
The adjustable resistor is set so that the meter reading
is decreased to exactly half of its first value. Then the
resistance of the adjustable resistor, as set, is equal to
the internal resistance of the meter. This is true be-
cause, with half of the total current flowing through the
meter, an equal half must be flowing in the adjustable

Holf-
Reading

Fixed ‘/ TRy
Resistor o ~------- (Adjustable
' ) ; Resistor

VoA A A A A A A
NN

LN NN NN NS N
VWY Y Y VY

Fig. 17-4. Method of measuring the resistance of a meter.

resistor, and with equal currents in parallel resistances
subjected to the same potential difference the resistances
of the parts must be equal. The resistance of the ad-
justed resistor may be measured with a resistance bridge,
an accurate ohmmeter, or other resistance measuring
apparatus.

Shunts for Current Meters.—The resistance of a shunt re-
sistor for increasing the full-scale range of a current
meter is determined from this formula.

Rz = Rm

Rz Resistance of shunt, ohms,

Rm Resistance of meter or of moving coil, ohms.

Ia Original full-scale reading of meter in current
units. -

Ib  Desired new full-scale reading of meter in cur-
rent units.

The units of current must be the same for Ja and Ib.
That is, both must be in amperes, illiamperes, or micro-
amperes.
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Ezample: What shunt resistance should be used with
a 1-m1111am§ere meter having an internal resistance of

27 ohms when the full-scale reading is to be 20 milli-
amperes?
27 27
X =2l =142
Rx H_, 1 ohms
1

Example: What shunt resistance is required for a
5-milliampere meter with internal resistance of 12 ohms
if the new full-scale reading is to be 1 ampere? Note
that 1 ampere is the same as 1000 milliamperes.

If only the approximate value of meter internal re-
sistance is known, fair accuracy may be had by placing
in series with the meter a resistor, Rs in Fig. 17-5, with
a resistance 9 times the approximate meter resistance,
then basing the value of the shunt resistor Rz on 10

Rs

Fig. 17-5. Shunting a meter whose resistance is known only
approximately.

times the approximate meter resistance. The effect of
Rs is to increase the effective resistance in parallel with
the shunt to 10 times the meter resistance, with at least
9/10 of this effective resistance accurately known. This
lessens the percentage of possible error due to not
knowing the actual resistance of the meter. Then the
value of the shunt resistor Rz is found as follows.
Ezample: What shunt resistance and series resistance
should be used with a 2-milliampere meter of about
20 ohms resistance to obtain a full scale reading of 50

milliamperes?
Rs = 9 X 20 = 180 ohms
10 X Rm
Ry=212""%
7 o
Ia
Rx= 10 X 20 _ 200 _ 8.33 ohms
50 24

o

<&
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Series Resistors for Voltmeters—When a current meter,
such as a milliammeter, is to be converted for use as a
voltmeter it is necessary to connect in series with the
moving coil, the rectifier, or the thermocouple a resistor
marked multiplier in diagrams C, E and G of Fig. 17-1.
The required value of this series resistor is found from
the formula,

Rs =—IE;_ Rm

Rs  Series resistor or multiplier resistor, ohms.

Rm Resistance of meter, ohms.

E Desired full-sale range in volts.

1 Original full-scale range of meter in amperes.

Note that the value of the original current range I
is in amperes. If it is in milliamperes or microamperes,
the value must be changed to the equivalent number of
amperes or else the formula must be altered as follows.

Re— 1000XE
" full-scape milligmps
Rs—= 1000000 X E

full-scale microamps

Ezxample: What value of series resistor should be
used with a 5-milliampere meter having a resistance of
200 ohms when the meter is to have a %ull-scale reading
of 10 volts? Using the formula based on milliamperes,

Rs= ﬂ"sx_“’ — 200
__ 10000
5

If the new full-scale reading in volts is equal to or
greater than the meter resistance in ohms there will be
little error if the meter resistance is not subtracted in
the formula. Resistances of rectifier meters, including
the rectifier, usually are high enough to warrant their
subtraction from the value of series resistance otherwise
needed.

Ezample: What series resistor should be used with a
200-microampere meter with internal resistance of 60
ohms which is to be used as a voltmeter with full-scale
reading of 500 volts?

Rs= W = 2,500,000 ohms

— 200 = 2000 — 200 = 1800 ohms.

= 2.5 megohms
It is apparent that subtracting the meter resistance of
60 ohms from the resistance of 2.5 megohms would have
negligible effect on accuracy of readings.
Multipliers for Voltmeters.—If an instrument already cali-
brated in volts is to have its voltage range increased by
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adding a series multiplying resistor, the required value
for this multiplier is found from the formula,

_ Vb
Rs= Rm X (W_I)

Rs  Series multiplying resistor, ohms.
Rm Original meter resistance, ohms.

Va  Original full-scale reading, volts.

Vb  Desired new full-scale reading, volts.

Erample: What should be the resistance of a multi-
plier used with a 10-volt meter having a resistance of
10000 ohms when the meter is to have a full-scale
reading of 1000 volts?

Rs = 10000 X (M -1 )
10
= 10000 X (100 — 1) = 990000 ohms
Note that the meter originally has a resistance of
10,000 ohms for 10 volts, which is a sensitivity of 1000
ohms per volt. With the series resistor in place the total
resistance becomes 990000 - 10000 = 1000000 ohms for
1000 volts, which still is a sensitivity of 1000 ochms per
volt. The resistance of the meter always is equal to the
product of the number of volts at full scale by the
number of ohms per volt sensitivity. This gives a means
for determining the total meter resistance when the
known factors are sensitivity and full-scale reading.
Wattage Ratings for Shunts and Multipliers—The number
of watts of power dissipated as heat in shunt resistors
is found from the formulas,

Watts = §a1{1ﬁ>_eres)’)2< Olll}l)ls in Shsl}lxnt
Watts — (milhlamps)” X ohms in unt
ans 1000000
_ (microamps)® X ohms in shunt
Watts = 1000 000 000 000

The current through the shunt resistor will be the
difference between the full-scale reading with the shunt
in use and the full-scale reading of the meter without
the shunt. For example, if the full-scale reading of a
l-milliampere meter is increased to a full-scale reading
of 20 milliamperes, the current through the shunt resistor
will be 20 — 1 = 19 milliamperes. The watts dissipation
in shunt resistors usually is so small that units rated at
% watt or more have ample heat dissipating ability.

Multiplying resistors used in series with current meters
to convert them to voltmeters carry, at full-scale read-
ings, the full-scale current of the original meter through
the resistance of the multiplier. Consequently, the pre-
ceding formulas may be used with one of the factors
taken as ohms in multiplier instead of ohms in shunt.
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‘The dissipation in multiplier resistors used in series
with voltmeters to increase the voltage range is con-
veniently found from,

Watts = __(Es — Em)®

R
Es  New full-scale voltage reading, volts.
Em Original full-scale meter reading, volts.
R Multiplier resistance, ohms.

This formula is merely one of the usual power for-
mulas, P = E*/R, with the value of E taken as the volts
drop across the resistor. The resistor drop must be the
difference between the new and original voltage readings,
since the meter still responds to the same voltage drop
as before, and the additional voltage must be used in
the resistor.

Ezample: What is the wattage dissipation in a
990,000-obm multiplier used to permit a range of 1000
volts on a meter originally reading to 10 volts?

Watts — (1000 — 10)* _ 990 % 990 _ 99
990000 990000 100

Choice of Instrument Resistors.—There are six properties
of resistors to be considered when they are to be used
as shunts or multipliers. .

1. Resistance in ohms, as determined from preceding
formulas,

2. Heat dissipation in watts, as determined from for-
mulas. The wattage rating of a resistor must never be
exceeded, and preferably should be well in excess of the
computed requirement. ’

3. Accuracy. Instrument resistors usually have an
accuracy of 1%, or less than 1%, plus or minus, when
used with meters having an accuracy of 2%. If the
meter has greater accuracy the accuracy of the resistors
should be proportionate.

4. Temperature coefficient. The resistance should
undergo negligible change in the range of working tem-
peratures. Precision resistors for meter work ordinarily
are wire-wound with wire having a very small tempera-
ture coefficient of resistivity.

5. Inductance. If the resistors are to be used for alter-
nating-current work, and especially if for audio- or radio-
frequency measurements, they must be practically non-
inductive, which means having inductance not much
more than two microhenrys.

6. Distributed capacitance. For audio- and radio-
frequency work the resistors should have distributed
capacitance of not much more than two mmfds,

Carbon and composition resistors have practically no
self-inductance or distributed capacitance, but they may
have large temperature coefficients. Wire-wound re-
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sistors require special construction in avoiding inductance
and capacitance.

A-C-D-C Volt-Milliammeter.—Fig. 17-6 shows a typical
circuit for a combination instrument which will measure
direct or alternating current in several ranges, also direct
or alternating voltage in several ranges. The principal
parts include,

1. A current meter (upper left) which usually has a
full-scale range of 200 or 500 microamperes, or 1 or 15
milliamperes.

Range Switch

Volts

Current

A

2. Immediately below the meter is the full-wave
bridge rectifier used for alternating currents and po-
tentials.

3. Shown below the rectifier is a three-pole double-
throw switch of any convenient or available type. With
the three center terminals connected to the three upper
terminals the measurements are of d-c quantities, and
when connected to the three lower terminals the meas-
urements are of a-c quantities.

4. The range switch, at the upper right, is shown as
an eight-pole rotary type with which the rotor arm,
connected to the center, may be turned into contact with

Fig. 17-6. Circuit of Ac-Dc volt-milliammeter.
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any one of the terminals numbered 1 to 8. On point ?
the meter is not shunted, and will read its normal cur-
rent ranEe. At 2 the meter is shunted with resistor Re,
at 8 with resistor Rb, and at 4 with Rc. The resistances
for these shunt resistors are computed with formulas
previously shown, in accordance with the characteristics
of the meter and the current ranges to be provided.

With the range switch rotor at & there is placed in
series with the meter the multiplying resistance which is
the sum of the resistances in Rd, Re and Rf, thus pre-
viding the maximum multiplying resistance and highest
voltage range. At 6 the multiplying resistance is the
sum of Re and Rf, at 7 it is Rf alone, and at 8 there is
no multiplying resistance. With no multiplier the meter
will read in millivolts or microvolts. The full-scale
reading for this position will be a potential equal to the
product of moving coil resistance in ohms and the full
scale current of the meter movement, which, if in milli-
amperes will give millivolts, and if in microamperes will
give microvolts. Unless such small potential readings
are desired it is advisable to leave point 8 unconnected
to provide an off position, or else to place an instrument
fuse in the line from the common negative terminal,

5. The three terminals for external connections are
shown at the lower right in the diagram. Connections
for voltage measurements are made from the upper “+~
terminal to the center common “—” terminal. For
current measurements the connections are made from
the bottom “+” terminal to the center common “—”
terminal.

Resistance for multipliers Rd, Re and Rf are com-
puted from formulas previously given.

Ezxample: Assuming a 1-milliampere meter movement
with internal resistance of 50 ohms, and desired voltage
ranges of 3, 30 and 500 volts. The required multiplying
resistances will be,

For 3volts, 2950 ohms
For 30 volts, 29950 ohms
For 500 volts. 499950 ohms

Resistor Rf of Fig. 17-6 then will be of 2950 ohms.
The sum of Rf and Re is to be 29950 ohms, so Re will
be 29950 — 2950 == 27000 ohms. The sum of all three
resistors is to be 499950 ohms, and since there already is
29950 ohms in Re and Rf, the resistance for Rd will be
499950 — 29950 = 470000 ohms.

Resistances for any other ranges may be similarly
determined. Any number of voltage and current ranges
may be provided with an appropriate number of ter-
minals on the range switch. A press-button type of
safety switch may be connected in series with the com-
mon negative terminal, with this switch remaining open
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until connections have been checked, then pressed while
taking readings. The safety switch may be shunted with
a protective resistor of something like 100,000 ohms,
which will allow enough current to reach the meter to
give an indication of wrong connections.

Ohmmeters.—The principle of one type of simple chm-
meter is illustrated by Fig. 17-7. A meter is connected
in series with a battery, a calibrating resistor, and the
two terminals to which are connected the unknown re-
sistance to be measured. The calibrating resistor is of
such value that, with the test terminals short circuited
on each other, the meter reads to full scale. When the
short circuit is removed from the terminals, and an
unknown resistance connected in its place, the meter
reading will indicate the value of the unknown resistance
when the meter scale is suitably graduated.

Meter
@ “~~
~ o Unknown
= Battery Ras;?et}once
Calibrating
Resistor

Fig. 17-7. Principle of ohmmeters in general use.

The value for the calibrating resistor is found from
the formula,
Eb
Im

Rec= — Rm

Rc  Calibrating resistor, ohms.

Eb  Voltage of battery, volts.

Im  Full-scale range of meter, amperes.
Rm Resistance of meter, ohms.

Ezample: With a 2-cell dry battery giving 3.0 volts,
what calibrating resistance is required for a 1-milliampere
meter having an internal resistance of 50 ohms?

30
== 50=2 .
Re T 950 ochms

The total resistance in series with the battery now is
the sum of Rc and Rm, which here is 2950 4 50 = 3000
ohms. The current, with the test terminals shorted, will
be 0.001 ampere or 1 milliampere. If a resistance of
3000 ohms is connected between the test terminals
the total resistance in series with the battery will be
3000 4 3000 = 6000 ohms, which is double the former
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value. Doubling the resistance will halve the current,
which becomes 0.5 milliampere and causes the meter to
read to half scale. Then, in this example, a half-scale
reading indicates a tested resistance of 3000 ohms. The
ratio of the unknown resistance to the total resistance
in the ohmmeter (Re¢ - Rm) is 3000/3000 or is 1. For
other ratios of unknown resistance to ohmmeter resist-
ance the fractions of full scale reading will be as shown
in the table, Ohmmeter Scele Readings. These fractions
apply with any total ohmmeter resistances. From them
it is possible to graduate any meter dial in ohms by
selecting the various numbers of ohms at which marks
are to be placed.

OHMMETER SCALE READINGS
RATIO FRACTION RATIO  FRACTION RATIO FRACTION

of R’s of full of R's of full of R’s of full

Unknown scole Unknown scale Unknown scole
Ohmmeter Ohmmeter Ohmmeter

40 0.02439 4.5 0.1818 0.5 0.6687

35 .U2778 4 « 2000 .4 . 7143

30 .03226 3.5 . 2222 .3 .7692

25 .03843 3 . 2500 .2 .8333

20 04762 2.5 . 2857 .1 . 9091

18 0.05263 2.0 0.3333% 0.03 0.9259

16 .05282 1.8 L3571 .06 .9434

14 .UB687T 1.6 . 5848 .04 .9615

12 07652 1.4 4187 .02 .98v4

10 .09091 1.2 .4545 .01 . 9901

9 0.1000 1.0 0. 5000 0.008 0.9921

8 L1111 0.9 . 5263 . 006 . 9940

7 .12580 0.8 . 5556 . 004 . 9960

6 .1429 0.7 .5882 .002 . 9980

5 .1667 0.6 . 6250 .0C1 . 9950

Ezample: Using a l.3-milliampere meter of 50 ohms
internal resistance with a 5-cell dry battery giving 7.5
volts the required calibrating resistor is found, from the
preceding formula, to be 4950 ohms. Then the ohmmeter
resistance will be 5000 ohms. At what milliampere
points on the dial scale should markings be placed for
the following numbers of ohms: 100, 200, 500, 1000, 2000,
5000, 10000 and 200007

The ratios of the measured ohms to 5000 (the ohm-
meter resistance) are found by dividing the specified
numbers of ohms by 5000. The scale fractions corre-
sponding to the ratios are read from the table. The full-
scale meter reading of 1.5 milliamperes is multiplied by
the fractions to determine the points on the milliampere
scale at which resistances in ohms are to be marked.
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Any other resistance marking points may be similarly
determined.

As the battery voltage decreases with use there will be
smaller and smaller currents, causing the meter to indi-
cate higher and higher resistance values for the same
measured resistance. In practical ohmmeters this ten-
dency is counteracted by adjusting the readings of the
meter itself, as with an adjustable magnetic shunt on
the meter movement, or by some arrangement such as
those shown by Fig. 17-8. In any case, the meter should
read full-scale, or should be brought to this reading,
while the test terminals are short circuited.

@

_!_ o O

N\/WV\N\J Lawy Wl WVWAAMAN
Rec

Rq Adjust <= Test

i

L el

Re

Fig. 17-8. Methods for compensating battery discharge in ohmmeters.

_In diagram I of Fig. 17-8 an adjustable shunting re-
sistor Rs is connected across the meter terminals to
reduce the deflection with a fresh battery and increase
it as the battery discharges. At 2 a portion of the cali-
brating resistor Rc is made adjustable so that the effec-
tive resistance may be increased with a fresh battery
and decreased as the battery discharges. In diagram 3
a voltage divider resistor Rd is connected across the
battery. A two-pole double-throw center-off switch is
thrown to the left side while the meter is adjusted, thus
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connecting the divider to the battery and shorting the
test terminals. The switch is thrown to the right for test-
ing unknown resistances, connecting the divider across
the battery. The switch is open while the ohmmeter is
out of use, keeping the battery disconnected and pre-
venting its needless discharge. Part of Rd is in series
with Re, and unless Rc is much the greater, calibration
is affected by the measured resistance.

To Both

Circuits r
To

Ohmmeter

Fig. 17-9. Connection of single meter to shmmeter and
volt-milliammeter circuits.

To Volt—
milliammeter

An ohmmeter circuit may be incorporated with a volt-
milliammeter circuit, using a single meter, by connecting
one terminal of the meter through a double-throw switch
as in Fig. 17-9 to either the ohmmeter or the volt-
milliammeter circuits, with the other meter terminal
permanently connected to both circuits.

Resistance
of Meter
= m

Current
Source

-
Eb
Fig. 17-10. Measuring resistance with a voltmeter.

Resistance Measurements.—Fig. 17-10 shows two methods
of measuring unknown resistances with a voltmeter. At
the left any known resistance Ra is connected in series
with the unknown resistance Rb and a source of cur-
rent such as a battery or a d-c supply. The voltage is
measured first across the known resistance, with the full-
line meter connections, and is called Ea. Then the
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voltage is measured across the unknown resistance, with
the broken line connections, and is called Eb. Then,
Eb
Rb=Ra X =~
Gt Ea
Ezample: Assume that the known resistance Ra is
1000 ohms, that the reading across it (Ea.) is 225 volts,
and that the reading across the unknown resistance Rb,
which is called Eb, 18 31 volts.

Rb = 1000 X 5231_5 = 1378 ohms.

The resistor Ra, used for comparison, should be, as
nearly as convenient, of about the same resistance that
is thought to be in the unknown unit Rb. The more
nearly alike the two resistances the less will be the
error due to shunting effect of the meter.

At the right in Fig. 17-10 the unknown resistance R
is connected to one end of a current source such as a
battery. A voltage Ea is measured with the meter con-
nected directly across the source (full-line connection)
and then a second voltage Eb is measured across the
source and the unknown resistor (broken-line connec-
tion). The resistance of the meter must be known; it is
called Rm. Then,

Ea
R=Rm — 1
X \Eb )
Example: Assume that the meter has a 100-volt range
and a resistance of 1000 ohms per volt, making a total

meter resistance Rm of 100,000 ohms. Assume too that
the reading Ea is 90 volts and reading Eb is 42 volts.

R = 100000 X (%g_—
— 100000 X (2143 — 1) = 114,300 ohms.

Voit
Meter

Volt

Meter Current

Meter

R

Current Source Current Source
Fig. 17-11. Measuring resistance with voltmeter and current meter.

Resistance may be measured with a voltmeter and a
current meter (ammeter, milliammeter, ete.) with either
of the arrangements shown by Fig. 17-11. In either case,
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R ohms — _Es volts
! \ 1, amperes
R, ohms = 10.00. X volts
milliamperes

R, ohms = 1000000 X volts
’ " “microamperes

The connection at the left is preferred for measuring
small resistances. The current flowing through the
voltmeter, in addition to that through the measured
resistance, passes through the current meter and in-
creases the current reading, but with low resistance at R
the extra meter current will be a small part of the total
current. .

The connection at the right is preferred for measuring
large resistances. Here the voltmeter measures and indi.
cates the potential drop across both the current meter
and the measured resistance, which increases the voltage
reading. However, with high resistance at R the added
resistance of the current meter, and the proportional
voltage drop, are of little importance.

Meter Resistance

= Rm
_____ = Insulation
. e
\
Voltage M

Source

Fig. 17-12. Measuring insulation resistance with a voltmeter.

Insulation Resistance.—Fig. 17-12 shows a method of test-
ing the resistance of insulation, or of any other element
having high resistance, by the use of a voltmeter and
a voltage source. The resistance of the meter, Rm,
must be known. One terminal of the meter is connected
to one side of the voltage source and left there. The
other terminal of the source is connected to a point on
one side of the insulation, as at M in Fig. 17-12. Then
a voltage reading, called Egq, is taken irectly on the
source as shown by the full-line meter connection, and a
second reading, called Eb is taken on the side of the
insulation not connected to the source, as at point N.
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in the diagram. The resistance insulation, R, ig deter-

mined thus. P -
— a—
R=RmX (_—Eb )

. Ezxample: Assume a meter resistance of 300,000 ohms,
a reading Ea of 180 volts, and a reading Eb of 22 volts:!
What is the insulation resistance R?

180 — 22
R= 0 S
300000 X ( % )

= 300000 X 1_2”2§ — 300000 X 7.182

= 2,154,600 ohins = 2.15 megohms, approx.
Unless the meter is of great accuracy the results of
this test may vary widely from the actual resistance
when the measured resistance is very great. This comes
about because of the low readings for Eb, with which
the actual percentage error of the meter is greatest.

Capacitor
A-C Line
or Test Switch
Transformér
. Milli -
Capacitance’ ammeter
Volt-
L meter
0 G

Fig. 17-13. Capacitance measurement with voltmeter and
milliammeter.

Capacitance Tests.—The capacitance of fixed capacitors
of ty'%es which may be subjected to alternating potential
may be tested with an a-c voltmeter and an a-c milli-
ammeter with the connections of Fig. 17-13. The volt-
meter, shunted by a three-position test switch, is in
series with the milliammeter, the capacitor to be tested,
and an a-c line or the secondary of a transformer. The
voltmeter must have a range great enough for the line
or other applied voltage. The test switch must be
normally held closed in its upper position by a spring to
avoid possibility of meter burnout when attempting to
measure a shorted capacitor.

With the test switch in its upper voltage position the
applied voltage is read from the voltmeter. The switch
then is moved to its intermeditae shorts-opens position.
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If the voltmeter reads zero, the capacitor is open-
circuited. If the voltmeter reads line voltage the
capacitor is short-circuited. If neither of these faults is
indicated, the switch is moved to its lower capacitance
position, which shorts out the voltmeter and leaves the
capacitor and milliammeter in series across the line. The
current through the capacitor now is read from the
milliammeter. With a supply frequency of 60 cycles the
capacitance of the capacitor is found from the formula,

Capacitance __ milliamperes
. =2663 X —————-
microfarads applied volts

Ezample: The applied voltage or line voltage is read
as 115 volts with the switch in its woltage position.
With the switch in its capacitance position the current
is read as 22 milliamperes.

Capacitance = 2.653 X % = 0.508 mfd.
5
If an a-c voltmeter of known internal resistance is

available, or if the resistance of such a meter is measured
and used in the computation, the approximate capaci-

Test
Switch

G
%—C Lf.ine or pare
ranstormer o )
Volitmeter Capacitor

Fig. 17-14. Capacitance measurement with voltmeter.

tance of a capacitor may be measured with the connec-
tions of Fig. 17-14. The voltmeter must have a range
sufficient for the line voltage of other applied voltage.
The meter and capacitor are connected in series across
the applied voltage, with the capacitor shorted out by a
normally closed test switch. With the test switch closed,
as shown by the full line, the applied voltage or line
voltage is read on the meter. Then the switch is opened,
as shown by the broken line, to leave the capacitor in
series with the meter. The lower voltage now indicated
by the meter is noted. This lower voltage will be some
certain fraction of the original applied voltage.

Voltage __ voltage with capacitor in series

fraction applied voltage

A corresponding capacitance constant is taken from

the table, Capacitance Constants for Voltmeters, and is
divided by the meter resistance in ohms. The result of
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CAPACITANCE CONSTANTS FOR VOLTMETERS

l‘!r ﬂz:g: Constant ;/;I ::g: Constant ::/:;Il:g: Constant
0.04 1060 0.35 9920 0.70 26000
.05 1330 .36 10250 .71 26700
.06 1600 .37 10560 .72 27500
.07 1860 .38 10920 .73 28300
.C8 2130 .39 11250 .74 29200
.09 2400
0.40 11600 0.75 30000
0.10 2670 .41 11950 .76 31000
.11 2940 .42 12300 .77 32000
.12 3210 .43 12650 .78 33000
.13 3480 .44 13000 .79 34100
.14 3750
0.45 13400 0.80 35420
0,15 4020 .46 13750 .81 36600
.16 4300 .47 14150 .82 38000
.17 4570 .48 14500 .83 39500
.18 4850 .49 14950 .84 41100
.19 6130
0.50 15300 0.85 42800
0.20 5420 .51 15750 .86 44800
.21 §710 .52 16150 .87 46900
.22 6000 .53 16550 .88 49200
.23 6270 .54 17000 .89 52000
.24 6590
0.55 17500 0.90 55000
0.25 6870 .56 18000 .91 58500
.26 7180 .57 18450 .92 62200
.27 7450 .58 18950 .93 67200
.28 7740 <59 19450 .94 73000
.29 8030
0.60 19950 0.95 80350
0.30 8350 .61 20500 .96 90450
.31 8630 .62 21000 .97 105700
.32 8960 .63 21500
«33 280 .64 22050
.34 600
0.65 22700
.66 23300
.67 24000
.68 24550

.69 25300
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the division is the capacitance of the capacitor in micro-
farads.

Ezample: Assume that an a-c voltmeter of 5000 ohms
resistance reads an applied voltage or line voltage of
115, and with a capacitor in series reads 23 volts.

Fraction = 2_3_ =020

115

" The constant for this fraction is found, from the table,

to be 5420. This number is divided by the meter re-
sistance.

Capacitance = 5420 _ g mfd., approx.
5000

For fractions less than about 0.15 and more than 0.85
to 0.90 the constants are so far apart that measurements
of capacitance may have rather large percentage errors.
The greater the meter resistance the smaller are the
capacitances which may be measured with fair accuracy.
This becomes evident by assuming a fraction of 050,
meaning that the meter reading is reduced to half with
the capacitor in series. Then the capacitances for various
meter resistances are as follows.

500-ohm meter 306 mfd
1,000-ohm meter 153 mifd
10,000-ohm meter 153 mfd
100,000-chm meter 0.153 mfd

If the meter has several a-c voltage ranges it has
geveral corresl;])onding resistances, and will read capaci-
tances through several ranges. Any voltmeter scale may
be graduated in capacitance values by the use of the
table provided the meter resistance is known and pro-
vided that the line voltage or other applied voltage re-
mains fairly constant. If the applied voltage is taken
from the secondary of a transformer with tapped pri-
mary or secondary allowing fairly close adjustment of
secondary voltage, the initial voltage may be adjusted
to some value such as 100 at the beginning of each
test; much as an ohmmeter is set to zero. Many
toy transformers have continuously adjustable voltages
within limited ranges, and may be used in connection
with an a-c voltmeter to make up a capacitance meter.

This method of testing checks the condition of the
capacitor, ag well as its capacitance, since, if the meter
-reads the same voltage with and without the capacitor
in series the capacitor is shorted, and if the meter reads
zero with the capacitor in series the capacitor is open-
circuited.

Wattmeter Connections.—Fig. 17-15 shows connections of
a dynamometer type single-phase a-¢ wattmeter to the
power supply line and a load. The current terminals,
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|
|
1 1Voltage

! Terminals

I

Current
Terminals

|
!
T
|
t
|

_T ________________

Load

Fig. 17-15. Connections of wattmeter to line and load.

connected internally to the stationary coils, are con-
nected externally in series with the line and the load.
The voltage terminals of the instrument, connected in-
ternally through a resistor to the moving coil, are con-
nected externally across the load so that the moving
coil is affected by the potential difference across the
load, while the stationary coils are affected by load

Ra Rb
1

X S

Current Source

Fig. 17-16. Connections of Wheatstone bridge for resistance
measurements.

current. The bottom current terminal and the bottom
voltage terminal of the diagram may be connected
together at the instrument, or sometimes inside the
instrument case.

Bridge Measurements.—The elementary circuit for a
Wheatstone bridge is shown by Fig. 17-16. The bridge,
as shown here, is an instrument for measurement of re-
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sistance by comparison with another known resistance.
The bridge is supplied with direct or alternating current
from a source connected to opposite terminals. Between
the intermediate terminals is connected an indicator 7,
which may be a sensitive a-¢ or d-c current meter when
the source is an a-c or d-c type, a headphone or headset
when the source furnishes audio-frequency current, or
an amplifier whose output is indicated by a meter when
the source furnishes alternating current of frequencies
not audible.

Resistors Ra and Rb, called the ratio arms of the
bridge, are adjustable. Resistor X is the unknown to be
measured. Resistor S is the standard, whose resistance
is known, When,

Ra _ X

Rb S
there is no difference of potential across the indicator
and the bridge is said to be balanced. With no potential
difference the indicator shows zero current, hence is
called a null indicator. Resistance measurements are
made by adjusting the resistances of the ratio arms
Ra and Rb, and the resistance of the standard resistor S,
to obtain a zero indication. Then,

Ra

X=8x ==

X Rb
That is, the unknown resistance X is equal to the
product of the known resistance S and the ratio of
resistance Ra to resistance Rb, all in the same unit,

such as ohms.

Ezample: With Ra adjusted to 1000 ohms, Rb to
10000 ohms, and the standard resistor S adjusted to 255

ohms, what is the resistance at X?

1000 1
= T — =2550h
X 255X10000_255X1 25.5 ohms

There are various convenient arrangements for the
ratio arm resistances. Two of them are shown by Fig.
17-17. At the left Ra is a fixed resistance, say of 1000
ohms. By means of a tap switch any one of seven re-
sistors may be cut into the position Rb. If these re-
sistors vary by multiples of 10 from 1 ohm to one
megohm the available ratios will be,

Ra 1000 Rb 1 Ratio 1000 to 1
1000 10 . 10 to 1
1000 100 10 to 1
1000 1,000 1to1l
1000 10,000 0.1 to 1
1000 100, 000 0.01 to 1
1000 1,000,000 0.C01 to 1
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Then resistances measured at X may have values of
fro? 1000 times to 1/1000 of the standard resistance
at S,

With the arrangement at the right in Fig. 17-17 the
resistors are all in series. The sum of the resistances to
the left of the switch arm forms resistance Ra, and the
sum of all those on the right of the arm forms resistance
Rb. Possible values of resistance in the several sections

might be,
No.1, 20 ohins No.5, 8182ohms
No.2, 178chms No.6, 1620 chms
No.3, 162.0ochms No.7, 178chms
No.4, 8182 ohms No.8, 20chms

1t will be found that the ratios, from left to right on
the switch tap points, are very close to 0.001, 0.01, 0.1,
10, 10, 100 and 1000 to 1. With the switch as shown

in the diagram, resistances 1, 2 and 8 form resistance
Ra, while resistances from 4 to 8 form resistance Rb.

Rb

8
Source Source

Fig. 17-17. Methods for adjusting ratio arm resistances with
a tap switch.

The sum for Ra is 181.8 ohms and for Rb is 18182 ohms,
giving a ratio of 1/10 with an error of about 1/10 of
one per cent. Resistances of odd values may be made
up with several units in series. For example, for 162
ohms it would be possible to use 150, 10, and 2 ohms
in series.

The greater the voltage from the source, and the Jess
the current range of the indicator, the easier it is to
obtain a balance and the better is the accuracy, but the
greater is the danger of burning out the indicator.
When the source is a battery, a press-button switch
may be used to apply potential from one or two cells
while adjusting to an approximate balance, after which
a greater voltage is used. It is possible also to use several
current ranges on the indicator, employing one for rela-
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tively large current while getting the approximate bal-
ance and then going to more sensitive ranges.

It is desirable to have the standard resistance some-
where near the measured resistance when possible, since
this allows using a ratio around 1-to-1 where measure-
ments are likely to be most accurate. With greater
ratios in either direction it is more difficult to get a
balance.

As shown at the left in Fig. 17-18, capacitances may
be measured with a bridge having resistances for its ratio
arms. The capacitor of unknown value is connected
in the X arm, and an adjustable calibrated capacitor, or
one of known value, is connected in the S arm. Then,
calling the unknown capacitance Cz and the known one

Cs,
Rb

Cz=0Cs X Ta

A-C Source A-C Source

Fig. 17-18. Principle of the capacitance bridge (left) and of the
inductance bridge (right.)

Note that the ratio is that of Rb to Ra, while, on the
resistance bridge, it is of Ra to Rb. This is because we
are comparing impedances in both cases. The impedance
of the resistance is practically equal to the resistance in
ohms, and the impedance of the capacitor is practically
equal to the capacitive reactance in ohms. But capaci-
tance, which we desire to measure, is inversely propor-
tional to capacitive reactance, and so we have to use
the inverse ratio Rb/Ra.

For measurement of small capacitances the standard
Cs may be a straight-line capacitance, adjustable unit
which may be had with a dial uniformly graduated
from 0 to 100 in any of various eapacitance ranges. The
source may provide a power frequency of 60 cycles,
although frequencies from 400 to 1,000 cycles, as ob-
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tained from buzzers and oscillators, are preferable. With
an audible frequency the indicator may be a headset.
Otherwise a sensitive rectifier meter is satisfactory.
Inductances may be measured, as at the right in Fig.
17-18, with a bridge having resistance ratio arms. It is
necessary to have a standard inductor which is cali-"
brated or which is of known value. Sinece calibrated
variable inductors are not readily obtainable, induc-
tance measurements are most conveniently made with
one or more fixed inductors of known values and a
bridge whose ratio resistances (or one of them at least)
are continuously adjustable or are adjustable in small
steps. Measurement then is made by adjusting the ratio
arm or arms to obtain a balance, rather than by ad-
justment of the standard as has been described. .
Calling the unknown inductance Lz and the standard
inductance Ls, the bridge formula is,

Ra
Lr=Ls X EE
Here the ratio is of Ra to Rb, as with resistance

measurements, because inductance and inductive reac-
tance are directly proportional.
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Abbreviations, 1-4
AB-class amplifier, 254
Absorption, sound, materials for,
316
units of, 316
Accuracy, meter, 321
Ac-dc- battery receivers, 247
A-class amplifiers, 254
A%ollastic absorption materials,

Acoustics, 313-318

Address systems, public, 313-318

Advance wire, table for, 2!

Alignment, f-m receiver, 284-288
charts, see Charts.
superheterodyne receiver, 279-

284
Alt,ernfatmg current, Ohm's law
or,
power formulas for, 50, 51
values in sine wave, 161
Aluminum, sheet, table for, 15
Ammeter, see Meter, current.
Ammeter-voitmeter resistance
measurement, 335
Amplification, see Gain, voltage.
factor, explanation, 141
tubes, table of, 75-115
Amplifiers, 254-273
classes of,
push-pull 271 273
resistance coupled, 259-270
transformer coupled, 270
voltage gain of, 255
Angles, cosines of, 22
cotangents of, 23
lag or lead, ‘determination of,
169
sines of, 22
tangents of, 22
Antennas, 293-297
dipole, 204
dummy, 282
Hertz, 294
length required, 295
long-wire, 296
Marconi, 295
single-wire feed, 295
symbols for, 6
Areas, units of, conversion of, 16
ASA capacxtor color coding, 64,

Audibility, threshold of, 305
Audio amplifiers, resistance
coupled, 259-270

Audio—~continued
transformer, color coding for,
200, 202
Automatic volume control, 288
Average value, a-¢, 161

Battles, loud speaker, 310
Ballast tubes, 227-232
Base connections, tube, 72, 75-125
ballast tube, 228, 230
vibrators, 250, 252
Battery cable color code, 246
-line power receivers, 247
power supplies, 246-253
receivers, 246
B-class amplifiers, 254
Bias, grid, 128-134
cathode resistors for, 128-131
grid leak-capacitor type, 133
oscillator tube, 291
power supply for, 132
resistance amplifier, 261-268
resistors for, 128-1
tubes, values for, 75-115
Brass, sheet, table for, 16
Breakdown volta,ges 36
Bridge, capacitance measurement
with, 344
mguscta.nce measurement with,

measurements with, 341

resistance type, 341-343

Wheatstone, 341-345
B-supply, ses Power supply.
Bulbs, see Lamps.

c

Ceble, battery, color code, 246
Capacitance, 57-70. See also Ca-
pacitors.
dmtnbuted 175
feedback osclllator, 291
filter input, effect of, 212, 214
formulas for, 57
-inductance oscillation con-
stants, 182-188
measurement of, 337-340
with bridge, 344
-r%istance time constants, 68-

rescnance value of, 183
testing, 337-340
Capacitive reactance, 166-168

346

Y
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Capacitor-input filters, 211
Capacitors, 57-70. See also Ca-
pacitance.
capacitance formula for, 57
ceramic, color code for, 68
charging time of, 68-70
color coding of, 64
coupling, amplifier, 261-268
discharge time of, 68-70
measurements on, 337-340
parallel, 59
Q of, 176
series, 59
capacitance of, 60, 62
chart for, 62
voltage of, 60
symbols for, 8
tmnp;mture coefficient code for,
6

compensating, 67
testing of, 337-340
time constants of, 68-70
Capacity, see Capacitance and
Capacitors.
Cathode bias, 128-131,
degeneration with, 130
currents, 129 i
filament types, connections of,

heater type, bias for, 136
connections for, 136

returns for, 134 .

tuble, volts and amperes for, 75-
115

types of in tubes, 75-115
C-class amplifier, 255 .
Cen§er-tapped transformer wind -

ing, 205
Centigrade-Falrenheit conver-
sion, 19 3
Centimeters, convert to inches, 17
Ceraf.mic capacitors, color code
or,
Characteristics, plate, 137
tube, conversion of values
explanations of, 71-74
tables of, 75-115
Charging time, capacitor, 68-70
Charts
amperes-volts-olims, 40
capacitance-frequency-react-
ance, 167
capacitance-inductance-res~
onance, 182-183
capacitive reactance, 167
capacitors in seri_w, 62
inductance-capacitance-res-
onance, 182-183
inductance-frequency-react-
ance, 165
inductive reactance, 165
Ohm’s law,
ohms-volts-amperes, 40
parallel resistance, 47
power, 53-55
reactance, capacitive, 187
reactance, inductive, 165
resistances, parallel, 47
resonance, 182-133

Charts—continued
series capacitors, 62
square roots, 171
volts-ohms-amperes, 40
watts, 53-55
Choke input filters, 216
Chokes, filter, power, 213-215
inductance for, 217
Circuits, coupled, 187
power transfer im, 191
pamll:;. computations with, 39,

Q of, 176
resonant, 178
series, computations with, 39,

,
Clrcul;; mil-foot computations,

resistivity, 26
Circumference-diameter ratio
(pi), values involving, 20
Classes of amplifiers, 254
Clearance drills, table of, 12
Close coupling, 188
Code, color, see Color code.
Coefficient, amplification, 141
amplification, tubes, 75-115
coupling, 187
temperature, resistivity, 24, 26
Coils (inductors), 143-160
directions of flux in, 158
loading, 187
magnetic fields around, 158
multi-layer, 154-158
inductance of, 154-156
shape factors for, 155
tu;’g; for required inductance,

Q of, 176
single-layer, 147-154
inductance of, 147
shape factors for, 148
turns for required inductance,
149, 151-153
symbols for, 7
turns per linear inch, 143-146
per square inch, 143-146
winding, 143-160
volume of, 158
wire for, 143
Cold resistance, 25
Color codes
battery cables, 246
capacitors, 64
ceramic capacitors, 68
loud speakers, 202, 203, 312
resistors, 31-35
transformers, audio, 200, 202
i-f, 202, 203
power, 200-201
Colpitts oscillator, 291
Combination receiver, battery-
line
receivers, 247
Compensating capacitors, tem-
perature, 67
Condensers, see Capacitors,
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Conductance, mutual, 142
of tubes, table, 75-115
ConiiSuctor motion for induction,

Connections, parallel, 39
series
tube bases, 116-125
Constants, dielectric, table, 58
time, 88-70
volume control, 288
tube, 142
relations between, 142
Control, frequency, crystal, 293
grid, see Grid.
volume, automatic, 288
Conversion, electrical units, 38
factors for tube operation, 257
frequency, superheterodyne, 274
-wavelength, 162-163
table, general, 16
Converter, octode, 276
pentegrid, 274-276
triode-heptode, 279
triode-hexode, 277
tubes, symbols for, 11
Copper, sheet, table for, 15
wire, table for, 27
Core area, transformer, 197
Cosine of angles,
Cotangents of angles, 22
Cotton covered wire, double and
single, 145
Coupled circuits, 187
power transfer in, 191
Coupling, 187-193
capacitors, amplifier, 261-268
close, 188
coefficient of, 187
factor,
loose, 188 )
resistance, amplifier, 259-270
resonance affected by, 190
transformer, amplifier, 270
Crest a-c value, 101 5
Crystal, frequency control with,
293

symbol for, 6
Current capacity of wires, 144
regulator tubes, 227-231
relations in transformer, 194
Currents, cathode, 129
decibel measurements of, 298
eddy, losses from, 174
filter, computation of, 217
ains, decid ll, %QO-SO%BS
agging and leading,
losses, decibel, 303
plate, tube, 75-115
screen, tube, 75-115
transformer, power supply, 218
tube element, 75-115
Cycles, see Frequency.

D

De-ac-battery receivers, 247

D.c.c. wire,

D-c power supply, see Power
supply.

INDEX

Decibels, addition of, 298
gains in, table, 300-301
losses in, table, 303
measurements in, 298
microphone ratings in, 317
reference level for, 302
Decimal equivalents of fractions,

Degtleggration from cathode-bias,

Diagrams, see Charts.

Dial lamps, 231233

Diameter-circumference ratio
. (pi) values involving, 20

Dielectric constants, tabfe, 58
hysteresis, 175
strength, 36

Dielectrics, table of, 36

Diode tube symbols, 10

Dipole antenna, 204

Discharge time, capacitor, 63-70

stcznssmmstor, f-m receiver, 284_

Dissipation, resistor power, sce
. Resistors.
Distributed capacitance, 175
Divider, voltage, 2
grid bias from, 132
Double cotton covered wire, 145
hump resonance, 188-191
silk covered wire, 146
Doublers, rectifier, 225
Drills, clearance, 12
lettered, 14
numbered, 14
tap, 12, 13
D.s.c. wire, 146
Dummy antenna, 282
Dynatron oscillator, 292

E

Echo, reverberation as, 315
Eddy current losses, 174
Effect, skin, 173
Effective a-c value, 161
Electric?l quantities, conversion
o1,
Electron flow, see Currents.
Electrostatic capacity, see Ca-
pacitance.
condensers, see Capacitors.
Emf, induced in moving con-
ductor, 158
Enameled wire, plain, 144
single cotton, 145 -
Energy losses, 173-175
units, conversion of, 16
Equations, see under names of
parts, functions, properties,
ete.
transposing for unknown val-

ues,
Equivalents, decimal to inch, 18
F

Factor, amplification, 141
of tubes, 75-115
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Factor—continued
cog{:/’erswn, for tube operation,
coupling, 187
power, 32
Q-, 175-177 .
shape, multi-layer coils, 155
ain%:le-layer coils, 148
Fahrenheit-centigrade conver-
sions, 19
Field, magnetic, direction around
coil, 158
speaker, filter choke, 213
winding characteristics, 307-

309
Filament-cathode connections,

Filaments, ballast tubes for, 230
battery receiver, 246
volts and amperes for, 75-115
Filters, capacitor input, 211
choke input, 216
chokes for, 213-215
current computation for, 217
mpuztucapacltor effect on, 212,

potential effect on, 212
output from, 213
voltage computation for, 217
F-m receiver, alignment of, 284-

discriminator for, 284-285
limiter for, 284 .
Flux, i!lnalgnetxc, direction around
col
Formulas, ses under names of
parts, functions, properties,

trans'posing for unknown val-
ues
Fraclt.sio'ns, decimal equivalents of,

Frequency, capacitive reactance
or, 167
control, crystal, 293
cog;;ersxon, superheterodyne,

inductive reactance for, 165
intermediate, superheterodyne,

-modulation receiver, see F-m
receiver.
ranges of, 164
reactances for, 165, 167
resonant, 180-182
chart for, 182-183
ripple, 218
sound, ranges of, 318
transmission, 1
units of, 162
~wavelength conversions, 162-

Full-load potential, 43
Functions, trigonometric, table,
20-22
G »®

Gage numbers, wire, 27

Gaing, decibel units for, 300-301
resistance coupled amplifier,
261-268 .
voltage, 255
load line for computing, 258
Generator, si , use of,
Greek letter symbols, 4, §
Grid bias, 128-134
grid leak-capacitor type, 133
oscillator, 291
power supply for, 132
resistance n.mpliﬁer, 261-268
tube, table, 75-115
leak-capacitor bias, 133
potentials, tube, 75-115
rectification bias, 133
returns, 134
voltages, tube, 75-115
conversion factors for, 257

Hartley oscillator, 289
Hearing, threshold of, 305
Heat quantities, conversions for,

16
Heater-cathode bias, 136
connections, 138
Heaters, resistances of, 239
series, connections for, 233-245
resistors for, 236
registor ratings for, 245
substitution of tubes with,
. 237-245
string, 233-245
Hertz antenna, 204
High-frequency, definition, 184
resistance, 173
Hot resistance, 25
Hysteresis, dielectric and mag-
netic, 175

Impedance, 169-173
formulas for, 170
matching transformer, 204
Q in formulas for, 177
resonant, 178
Inches, fractions, decimal equiv-
alents, 1
Inductance-capacitance oscilla-

tion
constants, 182-186
Inductance coils, see Coils.
filter choke, 217
measurement with bridge, 345
mutual, 187-188
resonance values of, 183
Induction, direction of motion
for, 158
Inductive reactance, 163
chart for, 165
Inductors, see Cotls,
Instrument, musical, frequency
range of, 318
resistors, choice of, 328 .
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Insulation, 36
materials, table for, 36
rmlstance, measurement of, 336
Intermediate-frequency ah;,n-
ment, 279-284
mnsformers, 189
color coding of, 202, 203
Intermediate frequencles, super-
heterodyne, 279
Inversion, phase, amplifier, 272
IRE dummy antenna, 282

L

Lag, angle, determination of, 169
Lagging current, 168
Lamps, dial, panel or pilot, 231-

Law, Ohm's, a-c forms of, 173
chart for, 39,
d-c forms of, 38-40
L-C oscillation constants, 182-186
Lem‘.‘6 angle, determination of ,
1

Leading current 168
Leak, grid, blasmg with, 133
Left-hand rules, 1nductlon 158
Length units, conversions for, 18
Letter symbols, 1-4
Lettere dnlls, table, 14
Light, units, conversxon of, 16
Limiter, f-m receiver,
Line, load, see Load line.
Load, definition, 42
Ime, 137-141
construction, 138
gain computed from, 255
uses of, 139
resistance, conversion values
for, 257
for tubes, table, 75-115
Loading coil, 187
Long-wire antenna, 296
Loose coupling, 188
Losses, decibels of, 303
eddy current, 174
energy, 173-175
skin effect, 173
Loud speaker, see Speaker.
Loudness of sounds, 304
Low-frequency, definition, 164

M

Machine screw tables, 12, 13
Magnet wire tables, 143- 148
Magnetic hysteresis, 175
units, conversion of, 16
Manganm wire, table for, 28
Marconi antenna, 295
Matching transformer, imped-
ance, 204
Measurements, 319-345
conversions of, 18
Medium- frequency, definition,
164

Meissner oscillator, 289
Metals, sheet, tables for, 15

Meters, 319-345
accuracy of, 321
current, ohmmeter from, 332
resistance of, 322
shunts for, 324
voltmeter from, 326
ohm-, 331-334
output connechons for, 283
rectifier, 3!
connectlons of, 320
resistance, choice of, 322
measurement, of, 323
sensitivity of, 3o1
shunts, 324
choice of, 328
wattage ratmg of, 327
symbols for, 9
tb;;(r)nocouple, connections of,

watt-, connections of, 340
Metric lengths, convert to inches,

Microphone outputs, 317
symbols for, 8

Millianmmeter, see Meter, current.
volt-, 329

Millimeters, convert to inches, 17

Mixers, superheterodyne, 277
symbols for, 11

Motion, conductor, induction, 158

Movm;z coil mstruments, 319

Mu, tube, see Amplification fac-

tor,
Multi-layer coils, 154-158
-winding transformer, 204
Multiplier, voltage, rectifier, 225
voltmeter, 326
choice of, 328
wattage ratmg for, 327
Musica! instrument frequency
ranges, 318
Mutual eonductance, 142
of tubes, 75-115
inductance, 187-188

N
Ncgn;;ve resistance, dynatron,
2!

Nichrome wire, table for, 30
No-load potential, 43
Nomographs, see Charts.
Nonz-ssg'nchronous vibrator, 249-

Null indicator, bridge, 342
Numbered drills, table, 14
Numbers, preferred, RMA 33
square roots of, chart, 171
table, 20, 21
squares of, 171
tube type, 71

(o]

Octode converter, 276

Ohmmeter, 331- 334
compensation of, 333
scale readings for, 332

| gy o e



—————— et s

INDEX 351
Ohm'’s law, a-c forms, 173 Plate—continued
d-¢ forms, 38-40 resistance—continued
d-c, chart for, 39, 40 tube, 75-115
d-c¢, formulas for 39 returns, 134

Ohms-per-volt sensitivity, 321
Open circuit potential, 43
Oscillation constants, '182-186
Oscillators, 289-293

alignment, superheterodvne, 27-

284
capacitance feedback, 291
Colpitts,
dynatron, 292
grid bias for, 291
Hartley, 289
Meissner, 289
signal, use of, 280
su erheterodyne, 277
ler feedback, 289
Output meter connectlons, 283
microphone, 317
Output power, push-pull, 271
triode, 257
tube, 75-115
resistance, tube, 75-115

4

Panel lamps, 231-233

Parallel capacitors, 59
circuits, rules and table, 44, 45
connectxons, rules for, 39
reactances, 168
resxstances, chart, fcr, 18, 47
-series resistances,
sources, 48
transformers, 207

P.e. wire, 144

Peaks, a-c, values for, 161
resonant, 189-190

Pentagrid converter, 274-276
mixer, 277

Period, reverberation, 313 X

Permanent-magnet moving-coil

instruments, 319

Phase differences, current, 168
inversion, amplifier, 272’
relations, transformer, 194
sp%tztmg, push-pull amplifier,

Phasing loud speckers, 010
Pi, values involving, 20
Piezo-electric crystal, 293
Pilot lamps, 231-233
Plain enamel wire, 144
Plate characteristics, 137
rectifier, 210
curr;g;s. conversion values for,

tube, 75-115
potentmls, conversion vahies

tube, 75-115
power supply, see Power sup-

pLYy.
resxstanee, 141
conversion values for, 257

volt;sz;s, conversion values for,

tube, 75-115
Pola.n;xé transformer, test for,

windings, 194
Potentmls, see Voltages.
Power, 50-56
charts, watts-volts-ohms-am-
peres-milliamperes, 52-55
computations, 52-55
decibel measurements of, 298
factor, 52
formulas, a-¢ and d-c, 50-51
gains, decibel, 300-301
losses, declbel 303
meazgurement, wattmeter for,

outpzlgtf conversion factors for,

push-pull amplifier, 271
iode, 257

supply, battery type, 246-253
bias from, 132
current oomputatxon, 218
filters, see Filters,
line type, 209-245
vibrator type, 248-253
voltage divider for, 224
voltage determination from
load line, 140
voltage regulation for, 219
transfer, 56
coupled circuits, 191
transformer, color coding for,
200-201
design of, 196-200
units, conversion of, 16
Preferred numbers, 33
Primary winding, identifving, 206
Pro:lect:l)rs, sound, see Speakers,

Public address sgstems, 313-318
Push-pull ampli 271-273
phase inversion in, 272

Q

Q-factor, 175-177
capacitor wlor code for, 66
formulas for, 17

R

Radiation antenna patterns, 206
frequencies, 164
Radxo-frequency amplifier align-
ment, -284
Ratio arm resnstnnces, bridge, 342
Reactances, 163-169
capacitive, 166- 168
inductive, 163
chart for, 165
parallel, 168
series, 168
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Receivers, 274-288
battery power, 246
combination battery-line
power, 247
- "f-m, alignment of, 284-288
discriminator for, 284-285
limiter for, 284
“series heater types of, 233-245
superheterodyne, 274-284
alignment of, 279-284
Receiving tubes, 71-142. See
... Tubes.
Rectification, grid, bias from, 133
Rectifier, a-c d-c type, 210
" idoublers, 225
full -wave, 209
half-wave, 210
meter, 323
connections of, 320
plate characteristics of, 210
power supply type, 209
transformerless, 210
tube symbols, 10
vibrator type, 251
Reference levels, decibel, 302
Regulation, transformer, 195, 198
voltage, power supply, 219
tubes for, 220-223
Regulator, current, tubes for 227-
232

voltage, tubes for, 220-223
Replacement, tube, see Substitu-
. tion, tube. .
‘Reproducers, sound, see Speakers.
Resistance bridge, 341-343
-capacitance time constants,

coupled amplifiers, 259-270
wire, Advance, table, 29
Manganin, table, 28
Nichrome, table, 30
tables for, 25
Resistances, 24-35. See also Re-
sistors and Resistivity.
ecold, 25 |
- computation of, 24
copper wire, 27
definition, 24
high-frequency, 173
hot, 25
insnlation, measurement of,

336 X
load, definition, 42
tubes, 75-115
measurement, ammeter-volt-
meter, 335
ohmmeter for, 331-334
voltmeter, 334
meter, choice of, 322
measurement of, 323
negative, dynatron, 292
output, tubes, 75-115
parallel, chart for, 46-47
plate, 141
tubes, 75-115
preferred numbers for, 33
ratio arm, bridge, 342

- Resistances—continued

tube heater, 239
wire, copper, 27 .
Resistivity, circular mil-foot, 26
computations with, 24
definition, 24
temperature coefficent of, 24, 26
volume, table, 38 .
Resistor tubes, 227-232
Resistors, see also Resistances
biasing, 128-131
color coding for, 31-35
meter, choice of, 328
wattage ratings of, 327
preferred numbers tJor. 33
series heater,
tolerances, preferred number,

33

symbols for, 9 4
voltmeter, 326

Resonance, 178-186
chart for, 182-183
cireuits for, 178
coupling effe.ct on, 190
curves showing, 189-190
double-hump, 188-191
frequency of, 180-182
impedance at, 178
os;:gléntion constants for, 185-

peaks of, 189-190
wavelength for, 182

Returns, grid, plate, etc., 134

Reverberation, 315

Right-hand rules, induction, 158
Ripple frequency and voltage, 218
RMAZSgIor code, battery cable,

capacitor, 85
loud speakers, 202, 203, 312
resistors, 31-35
transformers, 200-203
preferred numbers, 33
Root-mean-square (r-m-s) a-¢
value, 161
Roots, square, chart for, 171
table of, 20, 21

S.c.c. wire, 145
S.c.e. wire, 145
Screen (grid) currents, conver-
sion factors for, 257
tubes, 75-115
returns, 134
voltages, conversion factors for,

tubes, 75-115

Screws, machine, tables, 12, 13

wood, table, 12
Seco%%ary winding, identifying,
Self-inductance, seo Inductance.
Self-rectifying vibrator, 251-253
Sensitivity, voltmeter, 321
Series capacitors, 59

* capacitance of, 60, 62

e
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Beries—continued -+ Superheterodyne—continued
chart for, 62 Lot alignment of, 279-284 -
voltages on, 60 Super-high frequency, definition,
circuits, rules, tables, 43, 44 1 . :
connections, rules for, 39 - Symbols, letter, 1-4, 5 -
heaters, resistors for, 236 tube, 10-11, 116-125
resistor ratings for, 245 explanatlon of 5
substxtutxon of tubes with, wiring, 6-9
237-245 Synchronous vxbmtors, 251 253
-parallel resistances, 48 :
reactances, 168 . T : :
sources, 48
transformers, 207 Tables, see under nimes of parts’
Shape factors, multi-layer “coils, and materials. .
155 Tangents of angles, 22 -
o s{“,’f,le,_'lfye{ lc)‘lnla,f 14815 Tap drill table, 12, 13 :: » = -1
eet metals, tables for, ra
Short clrcmt definition, 43 T“pé’&d winding, t nsformer, -
Shunts, meter, 324 Temperature, centigrade to Fah-
choice of, 328 renheit, 19
wattage rating for, 327 - coefficiént, capacitor, code for,
Signal generator, use of, 260
8ilk covered wires, 146 : resistivity, 24-26 '
enameled wires, 146 compensating capacitors, 67
Sine wave, 161 . conversion of,
Sines of angles, 22 Fahrenheit to centigrade, 19
Single cotton wire, 145 " Terminal voltage of source, 43
layer coils, see Coils. ] Thermocouple meter connectlons.
silk wires, 146 320
8kin effect, 173 . Thicknesses, sheet metal 15°
Socket changes for tube substi- Three-way power receivers, 247
tution, 126-128 Threshold. of audibility, 305
connections, ballast tube, 228, Type constants, "68-70
230 ' . .. volums control, 288
tubes, 72, 75-125 T Tolerances, resistor, preferred
vibrators, 250, 252, number, 33
Sound absorption units, 316 . Transconductance, 142
energy dissipation, 316 . of tubes, 75-115 .
frequency ranges, 318 = Transfer, power, 56 )
loudness of, 304 coupled circuit, 191 :
svstems, 298-318 : Transformer-coupled amplifier,
velocity of, 305 270 -
Sources, parallel, 48 - Transformers, 194-208
POtzl;tlﬂls of, &2 o color codmlgg_lfor, 200-203
serl core area,
Speakers (IOUd) 306 313 current-volts-turns relations,
baffling for, 3 194
color coding for, 202, 203, 312 design, power type, 196200~
coupling transformers, 311 . double-tuned type, 189-191
field windings, 307-~309 . fifty cycle, 200 ..
filter choke, 213 formula, basic, irgn core, 196
phasing of, 310 : hester, cathode connections to,
public address reqmrements 131 a
for, 314 impedance matching, 204 .
symbols for, 8 intermediate-frequency, '189 **'
8peeds, conversion of, 16 mult)-wmdmg, 204
Splitting, phase-, amplxﬁer, 272 parallel, 2
Square root chart, 171 phase relatlons in, 194
table, 20, 21 polarity test of, 206
Squares of numbers, chart, 17 - power supply, current from, 218-
S.c.c. wire, 146 e primary turns
S.s.e. wire, ‘146 regulation, voltage, 195,198 -
Strength, dielectric, 38 : secondary turns, 198
Strings, heater, 233-245 £ series, 207 .
Substitutions, tube, 126-128 speaker coup]mg, 311
with series heaters, 237-245 symbols for, 7 B N
Superheterodyne receivers, 274- tapped wincimg, 204 - o ©
284 . tuned type of, 189-193 - .-
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Transformers—continued
tu{gg-volts-current relations,

twenty-five cycle, 200
volts-current-turns relations,

4
windings, identifying, 208
window area, 199-200
wire sizes for, 199
Transmission frequencies, 164
Trigonometric functions, tables,

20, 22
Triode-heptode converter, 279
Triode-hexode converter, 277
Tubes, ballast, 227-232
base connections of, 72, 75-125
characteristics, tables, 75-115
control grid bias for, see Grid
bias.
constants, 141
relations between, 142
current re¥ulator, 227-231
rid bias for, see Grid bias.
eaters, resistances of, 239
series connection of, 233-245
power output of, 257
receiving, 71-142
rectifier, see Rectifiers.
1 t, see Tube

T afis

U-

tion.
regulator, current, 227-231
voltage, 220-223
resistance types of, 227-232
seriés heaters for, 233-245
soclzlg{.gt connections for, 72, 75-

substitutions, 126-128
series heaters with, 237-245
symbols, 9-11, 116-125
tables, 75-115
explanation of, 71-74
types, numbers of, 71
by number, 75-115
typical, 13
voltage regulator, 220-223
Tuned transformers, 189-193
‘Turns, coil, see Coils.
transformer, see Transformers.

[}
Ultr{s&high frequency, definition,

Units, conversions of, 16

v

Velocitics, conversions of, 16
sound, 305
Ver,si%l;igh-frequency, definition,
Veryig‘ow-ftequency, definition,
Vibrator power supply, 248-253
non-synchronous, 249-250

self -rectifying, 251-253
synchronous, 251-253

Voice frequency ranges, 318
Voltage dividers, 224

grid bias from, 132
doublers, rectifier, 225
gain, 255

deg(i)li)el measurement of, 300-

load line computation of, 255

resistance coupled amplifier,
261-268

losses303, decibel measurement of,

multiplier, rectifier, 225
regulation, power supply, 219
regulator tubes, 220-223

Volt. , bias, tube, 128-134

table of, 75-115
breakdown, 38
decibel measurements of, 298
filter, computation of, 217
grid, tube table of, 75-115
plate, tube table of, 75-115
relations, transformer, 194
ripple, 218
screen, tube table of, 75-115
terminal, source, 43

Voltmeter-ammeter capac‘i)tanoe

measurement, 337-34

resistance measurement, 335
capacitance tests with, 338
capacitor tester from, 338-340
effect on measurements, 322
insulation resistance measure-

ment, 336
multiplier for, 328

choice of, 328

wattage rating of, 327
resistance, 322

measurement. with, 334
resistors for, 326
sensitivity of, 321

Volt-milliammeter, ac-de, 329
Volume control, automatic, 288

resistivity, table, 36

w

Wattmeter, conuections of, 340
Wave, sine, 161
Wave length, antenna, 295

-f;gqueucy conversions, 162-
63
osizisléation constants for, 185-

resonance, 182
units of, 162

Weights, conversion of, 16

sheet metals, 15

Wheatstone bridge, see Bridge.
Windings, coil, see Coils.

field, speaker, 307-309

Wire, Advance, table for, 29

copper, current capacity of, 144
fable for, 27

double cotton covered, 145
silk covered, 146

enarmnel, 144

———
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Wire-~continued inch, 143-146
magnet, current capaclty of, 144  Wiring symbols 8
tables for, 143-146 Wood screws, table of, 12

II}I'Ia.ggamn, :atl;}e ffor, 2380 X
ichrome, table for,

resistance, tables of, 25-30 X-cut crystal, 203
single covered, 145, 146 Y
turns per linear inch and square  Y-cut crystal, 293






