Scanned by VE6BPO

January 2007.

ALLIED
ELECTRONICS DATA HANDBOOK

Written and Compiled by the
Publications Division
ALLIED RADIO CORPORATION

Under the Direction of
EUGENE CARRINGTON

Edited by
NELSON M. COOKE,
Lieutenant Commander, United States Navy (Ret.)

Senior Member, Institute of Radio Engineers. Author, ‘‘Basic Mathematics for Electronics.”

FOURTH EDITION
Fourth Printing, March 1965

Library of Congress
Catalog Card No: 62-21444

Published by

ALLIED RADIO CORPORATION

100 North Western Avenue
Chicago 80, 111, U. S. A.

Printed in U.S.A. Copyright 1963 by Allied Radio Corp.



FOREWORD

Allied Radio Corporation has long recognized the need for a compre-
hensive and condensed handbook of formulas and data most com-
monly used in the field of radio and electronics. It was felt also that
such a book should serve entirely as a convenient source of informa-
tion and reference and that all attempts to teach or explain the basic
Pprinciples involved should be left to classroom instruction and to the
many already existing publications written for this distinct purpose.

The Electronics Data Handbook, therefore, consists of formulas,
tables, charts and data. Every effort has been made to present this
information clearly and to arrange it in a convenient manner for
instant reference. All material was carefully selected and prepared
by Allied’s technical staff to serve the requirements of many specific
groups in the radio and electronics field. It is hoped that our objec-
tives have been successfully attained and that this Handbook will
serve as: (1) A valuable adjunct to classroom study and laboratory
work for the student and instructor; (2) A dependable source of
information for the beginner, experimenter and set builder; 3) A
reliable guide for the service engineer and maintenance man in his
everyday work; (4) A time-saving and practical reference for the
radio amateur, technician and engineer, both in the laboratory and
in the field of operations.

The publishers are indebted to the McGraw-Hill Book Company, Inc.,
for their permission to use material selected from ‘“Basic Mathe-
matics for Electronics” by Nelson M. Cooke. Allied also takes this
opportunity to thank those manufacturers who so generously per-
mitted our use of current data prepared by their engineering per-
sonnel. Special recognition and our sincere appreciation are extended
to Commander Cooke for his helpful suggestions and generous con-
tribution of his time and specialized knowledge in editing the
material contained in this book.
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Mathematical Symbols

or -

.

or .

or :.

Multiplied by

Divided by

Positive. Plus. Add

Negative. Minus. Subtract
Positive or negative. Plus or minus
Negative or positive. Minus or plus
Equals

Identity

Is approximately equal to

Does not equal

Is greater than

s Is much greater than

Is less than

Is much less than
Greater than or equal to
Less than or equal to
Therefore

Angle

Increment or Decrement
Perpendicular to

Parallel to

Absolute value of n

Mathematical Constants

T

2m
(2m)?
4

§’“ A= *M"" = o1y 3

=3.14 Vr=177
= 6,28 -
"

. Z =125
= 39.5 'J2
=126 V2 = 141
= 0.87 V3 =173

1
= 1.57 —==0.707
V2
= 0.318 1
— =0.577
V3
= 0.159 log # = 0.497
T
— 0.101 log§= 0.196
log #2 = 0.994
= 0.564 -
log Vxr = 0.248

Decimal Inches

Inches X 2.540 = Centimeters
Inches X 1.578 X 10™° = Miles
Inches X 103 = Mils
Decimal | Millimeter
Inches Equivalent | Equivalent
1/64 .0156 0.397
1/32 .0313 0.794
3/64 10469 1.191
1/16 .0625 1.588
5/64 ’ .0781 1.985
3/32 .0938 2.381
7/64 .1094 2.778
1/8 1250 3.175
9/64 .1406 3.572
5/32 1563 3.969
11/64 1719 4.366
3/16 .1875 4.762
13/64 .2031 5.159
7/32 2188 5.556
15/64 2344 5.953
1/4 .2500 6.350
17/64 .2656 6.747
9/32 .2813 7.144
19/64 2969 7.541
5/16 3125 7.937
21/64 .3281 8.334
11/32 3438 . 8.731
23/64 ‘ .3594 9.128
3/8 .3750 9.525
25/64 .3906 9.922
13/32 ; .4063 10.319
27/64 4219 10.716
7/16 4375 11.112
29/64 4531 11.509
15/32 .4688 11.906
31/64 4844 | 12.303
1/2 .5000 12.700
33/64 5156 13.097
17/32 .5313 13.494
35/64 ’ .5469 13.891
9/16 .5625 14,287
37/64 | | 5781 14.684
19/32 | .5938 15.081
39/64 I ‘ .6094 | 15.478
5/8 6250 | 15.875
41/64 l | .6406 | 16.272
21/32 | .6563 | 16.669
43/64 ’ l 6719 17.067
11/16 .6875 17.463
45/64 7031 17.860
23/32 ’ 1 .7188 ' 18.238
47/64 | [ 7344 [ 18.635
3/4 .7500 19.049
49,64 .7656 19.446
25/32 ' ’ 7813 ’ 19.842
51/64 | .7969 I 20.239
| 13/16 .8125 20.636
53/64 i .8281 | 21.033
27/32 .8438 | 21.430
55/64 ‘ | .8594 ' 21.827
7/8 { .8750 22.224
57/64 | .8906 | 22.621
29/32 | | 9063 | 23.018
59/64 | ’ 9219 4 23.415
15/16 .9375 23.812
61/64 ‘ ] 9531 24.209
31/32 { .9688 24,606
63/64 | | .9844 I 25.004
| 1.0 | 1.0000 25.400
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Algebra

Exponents and Radicals

aI

a® X a' = glz+w, — = glz-1),
all
a\? aI
b)* = a%b". -] =—.
(@) = a (5) -2
i‘/_a Va L1
- =Yg, af=_ -
b \I/b a®
(@®)? = a*, \"'/ Vg = TV,
Vab = vavb. 2 ,
al¥ = \”/az.
1
a’ = Ja. a® = 1.
Solution of a Quadratic
Ql,&@dratic equations in the form
ar’ +bx+c=0
may be solved by the following:
= bi\/b2 — dac
2a
Transposition of Terms
IfA=—, then B = AC, C=§-
A C BC
IfE-_-l—)' then A—f’
AD AD BC
b= C=F P=7%
1 y 1
IfA_D—\/B:C’ then A —DzBCv
1 1 1
B=pge C=pap 2™ AV BC

If A =VB*+4 C*, then A’ = B>+ C*,

B=VAT=C", C=VA*— B,

Decibels

The number of db by which two power
outputs P; and P; (in watts) may differ, is

expressed by
10 log g——l ;
2
or in terms of volts,
20 log E ;
2
or in current, I
20 log 1. .
2

While power ratios are independent of
source and load impedance values, voltage
and current ratios in these formulas hold
true only when the source and load im-
pedances Z; and Z; are equal. In circuits
where these impedances differ, voltage and
current ratios are expressed by,

VZ,
db = 20 log E—l—?—_l or,
ENVZ,

2 2

DB Expressed in Watts & Volts

Above Zero Level Below Zero Level
DB* -
Watts Volits Watts Volits
0 0.0010 0.775 { 1.00x 1073 0.7746
1 0.0013 0.869 § 7.94x 104 0.6904
2 0.0016 0.975 | 6.31 x 107 0.6153
3 0.0020 1.094 | 5.01 x 10~¢ 0.5483
4 0.0025 1.227 | 3.98x10¢ 0.4888
5 1 0.0032 1.377 | 3.16x 1074 0.4356
6 0.0040 1.545 | 2.51 x 1074 0.3883
7 0.0050 1.734 | 2.00x 107¢ 0.3460
8 0.0063 1.946 | 1.59 x 1074 0.3084
9 | 0.0079 2,183 | 1.26x 1074 0.2748
10 { 0.0100 2.449 § 1.00x 1074 0.2449
1 0.0126 2.748 | 7.94x 1075 0.2183
12 | 0.0159 3.084 | 6.31 x 1075 :1946
13 | 0.0200 3.460 | 5.01 x 1075 1734
14 0.0251 3.882 | 3.98x 10—% .1545
15 | 0.0316 4.356 | 3.16 x 1075 1377
16 0.0398 4.888 | 2.51 x 107* .1228
17 | 0.0501 5.483 | 2.00x 10™* 1095
18 | 0.0631 6.163 | 1.59x 105 .0975
19 0.0794 6.904 | 1.26x 103 0.0869
201 041 7.746 1073 7.75x 1072
30 1.0 24.493 107¢ 2.45x 1072
40 | 10.0 77.460 1077 7.75x 1073
50 1 102 244.93 1078 2.45x 1078
60 | 108 774.60 107? 7.75x 1074
70 | 10¢ 2,449.0 10-10 245x 1074
80 | 108 7,746.0 10-u 7.75x 1078
90 | 108 24,493.0 1012 2.45x% 1075
100 § 107 77,460.0 10™13 7.75x 10°¢

*Zero db = 1 milliwatt into a 600 ohm load.
Power ratios hold for any impedance, but volt-
ages must be referred to an impedance load of
600 ohms.
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Decibel—Voltage, Current and Power Ratio Table
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Ratio
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Ratio

10

80.0 | 10,000

90.0 | 31,620.00

50.0
60.0
70.0
100.0

10-7
10~
10
10-
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00003162
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Attenuator Networks
For Insertion Between Equal Impedances

For data covering networks between une i ini
: qual impedances, see Minimum Lo
page 10. See also Decibel — Voltage Current and Power Rajtio Table on page ZS Pads on

See table on 7 i i
See fomulas},)age for values of A, B, C, D, E used in the following attenuator net-

In the case of L and U networks where only the input or output can be matched, as required
t

the matched side is indicated b inti
) y an arrow pointing toward the pad. O
both the input and output circuits are matched. ’ n el other networks,

4 O O——’\QIIW-—V—O
zZ—» SERZ 2 z2—> 3R, 2
OoO— o—A/:L\._]:———_o
O
-
. ZB
R, =ZB Bo=5
L R, = ZC U R, =ZC
(./P ‘v‘v‘v‘r O ’——‘VW\,—( )
] R
2 —» s 4
Ra2 z 22— RZSE F3
o o o4
—A\NN—0
VA
R, =% z
=3 Bi=36
VA
_Z Z
L R, B U R, = Vi
O— AAAA
'ﬁ" *o C 'A'A'A'A; ‘o
> < 2
: R2 3f oz z R3 3R 2
o— —o o ——— o
Z
R =% -z
D R, D
VA
R, = % -z
v E 0 "o
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O—MWW—p———0
O——MWW—4—MWW——O Ry
Ry Ri z 3R2 2
< <
F SRe ] —_
< O —0
O- O F EERz F
Ry T
O——WW —O
ZB
Bo=3
=ZD
! R zC
, =2
T R, =ZE Balanced U 2
WW o——-qr—ww—o
R) 4 Ry
C """" A"V"" o z Rz E E !
p. —
2 SR2 3 o— 7o)
1. "
o ’o) z R23 z
> Rl
O S AAA A -O
VA
Ri =25
Z 2C
Ri= 7
c Z
. R, 5
Bridged T R, = ZC Balanced U 2
Constant Impedance Attenuators in Parallel
Table of R, Values in Ohms
Number of Channels
R z 2 3 4 5 6
O ../ A 0 | 10 | 15 | 18 [ 20 | 215
. 50 | 166 | 25 | 30 | 333 | 357
-z >
- / 150 | 50 | 75 | %0 | 100 | 107
o— 200 | 666 | 100 | 120 | 133 | 143
R | 250 | 833 | 125 | 150 | 166 | 179
1
O—vW\ v/ WA WW—O 500 | 166 | 250 | 300 | 333 | 357
-z - // ez 600 | 200 | 300 | 360 | 400 | 428
T Network
o db Loss | € 9.5 12 14 | 155
/ Ri=2 N-1 Insertion loss
o—ww /. 1= 9L\N+1/| indb = 20 loge N
<~z —» /::
o— Where Z.= identical line and load impedances;

and N = number of channels in paraliel.

9
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Minimum Loss Pads

Ry Ry
T <,
Z) <R z F 2R
sn2 2 | R, 3Re 2y
2
O
Unbalanced Balanced

For Matching Two Impedances where Z, > Z, | matched, usc a resistor B, in series with
AL A the smaller i h the
R = V7Z,(Z: = Zy) ¢ smaller impedance such that
RL = Z1 - Z2
Z, 7, —
R, =
2 R db loss = 20 log, \/_g_l
2

Z zZ
db loss = 201 (\/ -t \/ Gk R )
083 0810 7z, + 7, 1

If the smaller impedance only is to be
matched, use a resistor R in shunt across
the larger impedance such that

Z, Z
Where Only One Impedance is to be Bs = Z : %
Matched ’ o

Here also db loss = 20 logy, \/%
2

Table
When Z, is 600 ohms s °f Rl and R2 values

and Z, is less than 600 ohms.

If the larger impedance only is to be

z. 500 | 400 | 300 | 250 | 200 | 150 | 100 | 75 | s0.| a0 | 30 | 25
R, 245 1 346 | 424 | 458 [ 490 | 520 | 548 | 561 | 575 | se0 | se5 | se7
R, 1225 694 | 425 | 328 | 245 | 173 | 110 | 802 [ 522 | a1.4 | 308 [ 256
Rl 38 1 57| 76| 87| 100 114134 148] 166 176] 189 | 197
When Z, is less than 25 ohms,
let By = 600 — %
and R, = Z,

Where Z, is 600 ohms,
and Z, is greater than 600 ohms

Z, 800 | 1,000 | 1,200 ] 1,500 {2,000 [ 2,500 3,000 ] 3,500 | 4,000 § 5,000 | 6,000 | 8,000 § 10,000

R | 400 f &2 849 | 1162 1,673 | 2180 | 2,683 | 3,186 | 3,698 | 4,690 | 5692 7,694 9695

R. 12000 949 | 849 ) 775 | 717 | 688 | 671 659 | 651 | 638 | 633 | 624

. 619
db

Loss 48| 65 761 90| 105) 6] 1251 133 139 150 ) 158} 17.1] 181
When Z, is greater than 10,000 ohms,

let By = Z, — 300
and R, = 600

10
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70-Volt Loud-Speaker Matching Systems

The EIA 70.7 volt constant voltage
system of power distribution provides the
engineer and technician with a simple means
of matching a number of loudspeakers to
an amplifier. To use this method:

1. Determine the power required at each
loudspeaker.

2. Add the powers required for the indi-
vidual speakers and select an ampli-
fier with a rated power output equal
to or greater than this total.

3. Select 70.7-volt transformers having
primary wattage taps as determined
in step 1.*

4. Wire the selected primaries in parallel
across the 70.7-volt line.

5. Connect each secondary to its speaker;
selecting the tap which matches the
voice coil impedance.

For transformers rated in impedance, the
following formulas may be used to deter-
mine the proper taps in step 3.

Primary _ (Amplifier output voltage)?
Impedance = Desired speaker power
E‘l
= 1
or Z P 1)

*These transformers have the primary taps
marked in watts and the secondaries marked in
ohms.

Since the voltage at rated amplifier power
is 70.7, this reduces to:

70.7¢ 5000
L="p =P @

From formula (2) these relationships are:
1 watt requires 5000 ohm primary
2 watts requires 2500 ohm primary
5 watts requires 1000 ohm primary
10 watts requires 500 ohm primary

Once the primary taps have been deter-
mined, continue on through step 4 and 5
as outlined above. When selecting trans-
former primary taps, use the next highest
available value above the computed value.
A mismatch of 259, is generally considered
permissible.

Example: Required

One 6 watt speaker with 4 ohm voice coil.

Two 10 watt speakers with 8 ohm voice
coils (use one transformer at this
location).

(1-2) Total power = 6 + 10 4 10 = 26
watts (use a 30-watt amplifier or
other amplifier capable of handling
at least 26 watts)

(3) zZ 6 watts = % = 833 ohms (use
1000 ohm transformer)
5000

Z 30 watts = 20 - 250 ohms

(4-5) See sketch below.

—e

&

foa onms [ 3

250 OHMSg

70.7 VOLTS
30
WATT
AMPLIFIER
1000
OHMS

6 WATT

TWO 10 WATT
8 OHM
SPEAK

ERS

i

SPEAKER
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Most Used Formulas

Resistance Formulas

In series

1

=R;+R,+R;...etc.

In parallel R = 1

Rz

Two resistors R, = R.R.
in parallel ‘" R+ R,

Capacitance

In parallel C; = C, 4 C,+ Cs. .. ete.

_+ +_...etc.

In series C = 1 1 11
— 4+ — 4 —...ete
1 + Cz + C;
Two capacitors v _ C\C,
in series Ci+C,

The Quantity of Electricity Stored Within
a Capacitor is Given by

Q@ =CE
where @ = the quantity stored, in
coulombs,

E = the potential impressed
across the capacitor in
volts,

C = capacitance in farads.

The Capacitance of a Parallel Plate
Capacitor is Given by

C = 0.0885 I&(Z{;’_—l)
where € =capacitance in mmfd.,
K = dielectric constant,

*
S = area of one plate in square

centimeters,
N = number of plates,

*d = thickness of the dielectric
in centimeters (same as the
distance between plates).

* When S and d are given in inches, change
constant 0.0885 to 0.224. Answer will still be
in micromicrofarads.

12
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Kind of Approximate*
Dielectric K Value
Air (at atmospheric pressure). ...... 1.0
Bakelite..........................

Beeswax

Cambric {varnished).......

Fibre (Red)............
Glass (window or flint). .. S
Gutta Percha.....................

Paraffin (solid)....................
Paraffin Coated Paper.............
Porcelain.........................

* These values are approximate, since true
values depend upon quality or grade of material
used, as well as moisture content, temperature
and frequency characteristics of each.

Self-Inductance
In series Li=Li+ L; + Ls... etc.
1
In parallel L, = i 3 ]
— 4+ = 4+ —...etec.
L, + L, + L,
Two inductors  ; _ L, L,
in parallel =L+ L,

Coupled Inductance
In series with fields aiding
Li=L +L,+2M
In series with fields opposing
Li=L 4+ L;—-2M
In parallel with fields aiding

Ll = 1
1 + 1
Li+M L.+ M
In parallel with fields opposing
1
L= 1 + 1
L,-M L:—M

ALLIED'S
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DATA HANDBOOK

where L; = the total inductance,
M = the mutual inductance,
L,and L, = the self inductance of the

individual coils.

Mutual Inductance

The mutual inductance of two r-f coils with
fields interacting, is given by
Li = Lo

M=
4

where M = mutual inductance, expressed
in same units as L4 and Lo,

Total inductance of coils L;
and L, with fields atding,

. Lo = Total inductance of coils L,
and L, with fields opposing.

La

Coupling Coefficient

When two r-f coils are inductively coupled

‘50 as to give transformer action, the coup-

ling coefficient is expressed by
M
K=vi1.

where K = the coupling coefficient;
(K X 10* = coupling coeffi-
cient in %),
M = the mutual inductance value,

L,and L, = the self-inductance of the two
coils respectively, both being
expressed in the same units.

Resonance

The resonant frequency, or frequency at
which inductive reactance X equals capac-
itive reactance Xc, is expressed by

1
;= eevic

1
also L=m
d C_._l__
et =L

where f, = resonant frequency in cycles
per second,

L = inductance in henrys,
C = capacitance in farads,
27 = 6.28
472 = 39.5

Reactance

of an inductance is expressed by

X1 = 2xfL
of a capacitance is expressed by
1
Xe=—=
¢ 2#fC

where X, = inductive reactance in ohms,
(known as positive reactance),

Xc¢ = capacitive rectance in ohms,
(known as negative reac-
tance),

f = frequency in cycles per sec-
ond,
L = inductance in henrys,
C = capacitance in farads,
21 = 6.28

Frequency from Wavelength

5
3 X 10 (kilocycles)

f=

where\ = wavelength in meters.

3 X 10

(megacycles)

f=

where A = wavelength in centimelers.

Wavelength from Frequency

3 x10°

A= (meters)

where f = frequency in kilocycles.

4
N\ = 10 (centimeters)

S

where f = frequency in megacycles.
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Q or Figure of Merit

of a simple reactor

Xr
=&

of a single capacitor

Xc
Q==
Rc
where @ = a ratio expressing.the figure

of merit,
X1 = inductive reactance in ohms,

X¥c¢ = capacitive reactance in ohms,

o
™
Il

resistance in ohms acting in
series with inductance,

Rc = resistance in ohms acting in
series with capacitance,

Impedance

In any a-c circuit where resistance and
reactance values of the B, L and C com-
ponents are given, the absolute or numeri-
cal magnitude of impedance and phase

angle can be computed from the formulas
which follow.

In general the basic formulas expressing
total impedance are:

for series circuits,

Ze= R+ X7,

for parallel circuits,
S S
VGiE + BY

See page 17 for formulas involving impedance, con-
ductance, susceptance and admittance.

A

In series circuits where phase angle and
any two of the Z, B and X components are
known, the unknown component may be
determined from the expressions:

7 - R _ ‘X
cos sin 6
R = Z cos @ X = Zsin 6

where Z = magnitude of impedance in
ohms,

R = resistance in ohms,

X = reactance (inductive or capaci-
tive) in ohms.
Nomenclature

Z = absolute or numerical value of
impedance magnitude in ohms

R

resistance in ohms,
X1 = inductive reactance in ohms,

Xc¢ = capacitive reactance in ohms,

t~
Il

inductance in henrys,
C = capacitance in farads,

Rp = resistance in ohms acting in
series with inductance,

Rc¢ = resistance in ohms acting in
series with capacitance,

Y
i

phase angle in degrees by which
current leads voltage in a ca-
pacitive circuit, or lags voltage
in an inductive circuit. In a
resonant circuit, where X,
equals X¢, 6 equals 0°.

Degrees X 0.0175 = radians.
1 radian = 57.3°.

Numerical Magnitude of Impedance . . .

of resistance alone
Z =R
[/
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R Rz R3 c L

of resistance in series

Z=R|+R2+R;...etc.
6=0°

L

AL

of inductance alone
Z =X
6 = + 90°
L La L3
— T — T —
of inductance in series
Z =X+ Xp2o+ Xis. .. ete.

6 = + 90°
A
it
of capacitance alone
Z = Xc
6= — 90°

Gy ' ( (Cz (03
of capacitance in series

Z=XCl+XCz+XCa...etC.
= — 90°

e
or where only 2 capacitances C, and C, are
involved,

Z = _1_<C‘ + 02)

2xf\ C, C,
6 =—90°

R L

—— W ——

of resistance and inductance in series

Z=vVR + X

0 = rc tan -
= arc tan 5

R EC
of resistance and capacitance in series

Z VBT XS

Xe
0= tan —
arc tan =

15

of inductance and capacitance in series
Z=Xr— Xe
6 = —90° when X1 < Xc¢
0° when X = X¢
= + 90° when X. > X¢

R [ L

of resistance, inductance and capacitance
in series

Z=vVR +7(Xz, — X¢)?
XL — Xe¢

6 = arc tan

>
>
>
>3
~

or where only 2 resistances B; and R, are
involved,

7 - R\ R,
B+ R,
6=20°

L
[[ f'tmii ll

of inductance in parallel

1
fTT 11
X D.¢ X Xeis etc.
6 = + 90°
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or where only 2 inductances L, and L, are

involved,
L, L, )
= 2 —————
Z =2 (Ll + L,

6= +90°

L
‘q
{
\

C2

MU S .

L
s

of capacitance in parallel

1
A
Xo Xec» Xes - ete.
6= —90°
or where only 2 capacitances C, and C are
involved, -
1
Z =
21l'f (Cl + Cz)
6= —90°
v‘v‘.{"‘
1 L
g5
of inductance and resistance in parallel,
RX.

Z=—=k
VR + X.*

0 = arc tan E
L

AAAA-
VYV
R

) —
J(<
A
of capacitance and resistance in parallel,

RXc
\/Rz + Xo°

Z =

R
= — arc tan —
c

L

——JD ”r—
(&
LY

of inductance and capacitance in parallel,

X Xc

7 = ="
XL — X¢

0 = 0° when X.=X¢

— T —

L

J(<
N

AAAA
VVVV

of inductance, resistance and capacitance in
parallel
RX:Xc

Z =
vV Xi*X¢* + (RX. — RXc)*

RXc — RX,
XL Xc¢

= grc tan

|
|

—~

of inductance and series resistance in paral-
lel with capacitance

R* 4 X,*
Z=Xe\NRY (Xs - Xo

XoXe — X2 — R')
RXc¢

8 = arc tan (

—e *—

of capacitance and serics resistance in par-
allel with inductance and series resistance

7 = | B+ X" (Re* + Xe?)
(RL+ Re)* + (X1 — X¢)?

XL(RAH X)) —Xe (RUHXLY
RLRA+Xc)+ Re(RL + XD

0=arc tan
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Conductance

In direct current circuits, conductance is
expressed by

where G = conductance in mhos,
R = resistance in ohms.
In d-c circuits involving resistances Ri, Rz,
R3, etc., in parallel,
the total conductance vs expressed by
G wotatl = G+ G2+ G, .. cte.
and the total current by

thnl =F Gtoml

and the amount of current in any single resis-
tor, R, for example, in « parallel group, by

_ thal G2
2 = 7
G1+Gz+G’,...etc.

R, E and I in Qhm’'s law formulas for d-e
circuits may be expressed in terms of con-
ductance as follows:

1 I
R=2, E=-,
G

1 = EG,
G

where G = conductance in mhos,
R = resistance in ohms,
E = potential in volts,
I = current in amperes.

Susceptance

In an alternating current circuit, the sus-
ceptance of a series circuit is expressed by
X

R2 + X2

or, when the resistance is 0, susceptance
becomes the reciprocal of reactance, or

B=1
X
where B = susceptance in mhos,
R = resistance in ohms,

X = reactance in ohms.

Admittance

In an alternating current circuit, the ad-
mittance of a series circuit is expressed by

1
Y =————
VR +X

Admittance is also expressed as the recipro-
cal of impedance, or

Y =

Ny |

where Y = admittance in mhos,

R = resistance in ochms,
X = reactance in ohms,
Z = impedance in ohms,

R and X in Terms of G and B

Resistance and reactance may be expressed
in terms of conductance and susceptance
as follows:

__ 6 y__B_
Gz+Bz’ G’+B’.

G, B, Y and Z in Parallel Circuits

In any given a-c circuit ccntaining a
number of smaller parallel cireuits only,

the effective conductance G is expressed by
G=G +G.+Gs...etc,

and the effective susceptance By by
Bt=B|+B-;+B3...etc.

and the effective admittance Y, by
V=TT B

and the effective impedance Z, by

1 1
r —

———— 0
vV G’ + B} Y,
where R = resistance in ohms,

X = reactance (capacitive or induc-

tive) in ohms,

G = conductance in mhos,

B = susceptance in mhos,

Y = admittance in mhos,

Z = impedance in ohms.

Z =
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Transient I and

The formulas which follow may be used
to closely approximate the growth and
decay of current and voltage in circuits
involving L, C and R:

1 = instantaneous current in am-
peres at any given time (¢),

E = potentialin volts asdesignated,
R = circuit resistance in ohms,
C = capacitance in farads,
L = inductance in henrys,
V = steady state potential in volts,
Ve = reactive volts across C,
Vi = reactive volts across L,
V& = voltage across R A

where

E in LCR Circuits

RC = time constant of RC circuit in
seconds,

= time constant of RL circuit in
seconds,

any given time in seconds after
switch is thrown,

a constant, 2.718 (base of the
natural system of logarithms),

Sw = switch
The time constant is defined as the time
in seconds for current or voltage to fall to %
or 36.89, of its initial value or to rise to
(1 —%) or approximately 63.29, of its final

)~

-~
]

€

value.

Charging a De-energized Capacitive Circuit

A3

OSw l
(o}
E
. R
L

Lt

E=applied potential.

Discharging an Energized Capacitive Circuit

O
ﬁ,/s‘rvT

4.1
T
o E
. RS
N
E = potential to which C is
charged prior to closing Sew.
i =2 e ke
RE
i £
4 4 v Vo, Ve
T T
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Voltage is Applied to a De-
energized Inductive Circuit

An Energized Inductive
Circuit is Short Circuited

=AY o) 0
11\
Fuse Fuse Blows
L Lg
E
:——_ E c/)Sw i?—; iSw L
= 1) -
. R i R
—l/' \_/
Sw Sw
—O—O
E=applied potential E = counter potential induced in
coil when switch is closed.
Rt
i=§<1—e‘f) E &
R i==¢L
R
3 £ E
i R vl e
t t T
R
o n R
VR_E(I_E L) Vi=Ee T Vi=Vr=Ee L

Steady State Current Flow

In a Capacitive Circuit

In a capacitive circuit, where resistance
loss components may be considered as neg-
ligible, the flow of current at a given alter-
nating potential of constant frequency, is
expressed by

where [ = current in amperes,
Xe¢ = capacitive reactance of the cir-
cuit in ohms,
E = applied potential in volts.

= E (2 fC)

In an Inductive Circuit

In an inductive circuit, where inherent
resistance and capacitance components may
be so low as to be negligible, the flow of cur-
rent at a given alternating potential of a
constant frequency, is expressed by

E E

X.  2xfL

I =

I = current in amperes,
X = inductive reactance of the cir-
cuit in ohms,
E = applied potential in volts.

where
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Transmission Line Formulas

Concentric Transmission Lines

Characteristic impedance in ohms is given
by dy
Z = 138 log —

dz

R resistance in ohms per foot of copper
line, is given by
r=V7f (l+i)x10-’
dl d2

Attenuation in decibels per foot of line, is
given by

o= 4.6/7 (dr + d2)
di
didz (10g d_z)

where Z = characteristic impedance in
ohms,

r = radio frequency resistance in
ohms per foot of copper line,

X 10°*

a = attenuation in decibels per foot
of line,
4
dy = the instde diameter of the outer
conductor, expressed in inches,

dz = the outside diameter of the inner
conductor, expressed in inches,

S = frequency in megacycles.

Two-Wire Open Air Transmission Lines

Characteristic impedance in ohms is given

by
Z = 276 (log %’ )

Inductance in microhenrys per foot of line
is given by
L = 0.281 (log %)

Capgcitfa.nce in micromicrofarads per foot
of line is given by
3.68
2D

log —d—

C =

20

Attenuation in decibels per foot of wire is
given by
_ 00157 R,

loj Q
&4
R-f resistance in Ohms per loop-foot of
wire, is given by

db

2X107* VS
Rj=——o—r
d
where Z = characteristic impedance in
ohms,
D = spacing between wire centers
in inches,

d = the diameter of the conductors
in inches,

L = inductance in microhenrys per
foot of line,

C = capacitance in micromicrofar-
ads per foot of line,

db = attenuation in decibels per foot
of wire,

R, = r-f resistance in ohms per loop-
foot of wire,

f = frequency in megacycles.

Vertical Antenna

The capacitance of a vertical antenna,
shorter than one-quarter wave length at its
operating frequency, is given by

171

(o)1 |-G

where Ca = capacitance of the antenna in
micromicrofarads,

! = height of antenna in feet,
d = diameter of antenna conductor

Ca=

in inches,

f = operating frequency in mega-
cycles,

¢ = 2.718 (the base of the natural
system of logarithms),
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Trigonometric Relationships

In any right triangle, if we let

0 = the acute angle formed by the hypot- H
enuse and the base leg, o
¢ = the acute angle formed by the hypot-
enuse and the altitude leg, [ A
H = the hypotenuse, also .
A = the side adjacent 8 and opposite ¢, sin@ = cos¢ escd = seco
O = the side opposite § and adjacent ¢, cosf = sing secf = csco
tan @ = cot cot @ = tang
then sine of @ = sin § = 12{ ¢
and 1 1
; 4 ——— = cscf —— =sinf
cosine of § = cos 6 = Vot sind csc 0
0 1 1
tangent of § = tanf = — = =
4 cos@ secd sec@ cos 8
1 1
— = cot § = tané
cosecant of 6 = csc § = %{ tanf ¢°t0
secant of 0 = sec § = 2L The expression “arc sin” indicates, “the
4 angle whose sine is” . . .; likewise arc tan
nt of 0 A indicates, “the angle whose tangentis” ...
cotangent off = cot § = 3 etc. See formulas in table below.
Known Formulas for Determining Unknown Values of . . .
Values A o H P b
A&O YT 0 4
VA & 0 arc tan 1 arc tan o
A&H VH — A® arc cos o arc sin i
A& A tan @ 4 90° — ¢
cos @
A A
A L, ° _
&o tan ¢ sin ¢ 90 4
O&H VH - 0° arce sin 7 arc cos%
O&¢ 0 .O 90° — @
tan 6 sin @
0
0 °
O&¢ tan ¢ P 90 ¢
H& 9 H cos 6 H sin 8 90° — @
H&¢ H sin ¢ H cos ¢ 90° — ¢

2
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Vacuum Tube Formulas and Symbols

Vacuum Tube Constants
Amplication factor (Mw or u) is given by

Ep

u= (with I, constant)

g
Dynamic plate resistance in ohms, is
given by

A Ey
Al

Tp =

(with E, constant)

Mutual conductance in mhos, is given by

AL
AE,

gm (with E;, constant)

Vacuum Tube Formulas

Gain per stage is given by

y( Rr )
Rr+1p
l\)’oltage output appearing in R is given
y
( Es RL )
In
Tp + RL

Power output in Ry, is given by

2
Rr (——MES >
Tp + RL

Maximum power output in Rz, which results
when R =rp, is given by
(BEy)*
4Tp

Ma.ximum undistorted power output in Ry,
which results when R =2r, is given by
2(uE,)*
9Tp

Required cathode biasing resistor in ohms,
for a single tube is given by

L

Iy

Vacuum Tube Symbols

Muoru = Amplification factor,
rp = Dynamic plate resistance in
ohms,

gm = Mutual conductance in mhos,
Ep = Plate voltage in volts,

E; = Grid voltage in volts,

I, = Plate current in amperes,

R1 = Plate load resistance in ohms,

I+ = Total cathode current in am-
peres,

E; = Signal voltage in volts,
A = change or variation in value,
which may be either an incre-

ment (increase), or a decrement
(decrease).

Peak, R.M.S., and Average A-C Values of E & /

Given Toget...
Value
Peak R.M.S. Av.
Peak 0.707 X Peak 0.637 X Peak
R.M.S. 141 X R.M.S. 0.9 X R.M.S.
Av. 1.57 X Av. 1.11 X Av.

22
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Transistor Formulas and Symbols

Common Emitter Configuration

Transistors can be made to amplify, detect, or to oscillate in much the same
manner as vacuum tubes. Shown in the drawings below.is a comparison
between a triode vacuum-tube and a PNP transistor; where the transistor

S ——
PLATE

CATHODE

Triode Vacuum Tube

COLLECTOR

BASE

EMITTER

PNP Transistor

base is comparable to the tube grid, the transistor emitter is comparable to
the tube cathode, and the transistor collector is comparable to the tube plate.

Transistor Formulas
Input Resistance,
AV,’
R = 3T,

Current Gain,

Al , . .
A= A (with V', constant)

Voltage Gain,

AV,

4. = av,
Output Resistance,

AV,

R. =741,

(with I, constant)

Power Gain,
_ AP,
?T AP,
The current gain of the common base
configuration is alpha, where

A

a= -2—;: (with V. constant)

The current gain of the common
emitter is beta, where

Al,

8=1ar

(with V. constant).

Transistor Symbols

a = Current gain common
base

4. (4,) = Voltage gain
4,; = Current gain
A = Power gain

B = Current gain common
emitter

I, = Base current

I. = Collector current
I. = Emitter current
I; = Input current
P; = Input power

P, = Output power
R; = Input resistance
R, = Output resistance
V» = Base voltage

V. = Collector voltage
V; = Input voltage

A direct relationship exists between
the alpha and beta of a transistor.

B @
*=1+B B=1"%

Courtesy Howard W. Sam’s Photofact Publication: **ABC’s of Transistors.”

23
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Transistor Amplifier Circuit Configurations

With Vacuum & Tube Counterparts

The transistors of primary interest to the exclusively for most amplification purposes

radio engineer and service technician are as are the common or grounded-cathode
the ITNP and' NPN Junction types, whose vacuum tube circuits. The common-base
transistor actions are identically alike, ex- and common-grid as well as common-

cept that symbolically, the emitter arrow collector common-plate circuits are used
points towards the base in the PNP and more for special applications such as
away from .the base in the NPN. The impedance matching to and from audio
common-emitter circuits are used almost transmission lines, etc.

NPN CONFIGURATIONS

VACUUM - TUBE CONFIGURATIONS

+BATT.

. a8+
Common emitter—Common cathode.

+ BATT. ~BATT. -BATT. +BATT.

Common base—Common grid.

C B+

—— {48 +BATT.
—

Common collector—Common plate.
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Common-Emitter Amplifier Circuits
Using Transistors Only

In comparing the PNP and NPN circuits
shown here, note that the current flow in
the components of one is completely re-
versed in the other. With the vacuum tube,
this complete interchange of current and
voltage polarities does not exist. Because of

this interchange in the transistor, circuits
which have no parallel in vacuum-tube
circuitry can be produced. Nevertheless,
the circuits of transistorized equipment are
still quite similar in many respects to those
of equipment employing vacuum tubes.

i I %m

With Positive
Battery Terminal Grounded

4 -
< ]
. i * = part

With Positive
Battery Terminal Grounded

Using PNP Transistors

Using NPN Transistors

_‘{ g —'i—- BATT.
E 1

With Negative
Battery Terminal Grounded

With Negative
Battery Terminal Grounded

25
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D-C Meter Formulas

Meter Resistance

The d-c resistance of a milliammeter or
voltmeter movement may be determined as
follows:

- Rm +
AW
Sw.
N\ "_]__i
§R -
ZE\ /‘WR2 _I'-

1. Connect the meter in series with a
suitable battery and variable resist-
ance R, asshown in the diagram above.

2. Vary R, until a full scale reading is
obtained.

3. Connect another variable resistor R
across the meter and vary its value
until & half scale reading is obtained.

4. Disconnect Rz from the circuit and
measure its d-c resistance.

The meter resistance Rm is equal to the
measured resistance of R,.

Caution: Be sure that R; has sufficient
resistance to prevent an off scale reading
of the meter. The correct value depends
upon the sensitivity of meter, and voltage
of the battery. The following formula can
be used if the full scale current of the meter
is known:

voltage of the battery used
R 1= 3
full scale current of meter in amperes

For safe results, use twice the value com-
puted. Also, never attempt to measure the
resistance of a meter with an ohmmeter. To
do s0 would in all probability result in a
b.umed-out or severely damaged meter,
aince the current required for the operation
of some ohmmeters and bridges is far in
excess of the full scale current required by

the movement of the average meter you
may be checking.

Ohms per Volt Rating of a Voltmeter

1
QY = —
/ Ilc
where Q/V = ohms per volt,

I I

full scale current in amperes,

Fixed Current Shunts

Bm

B=5—

R = shunt value in ohms,

N = the new full scale reading divided
by the original full scale reading,
both being stated in the same units,

Rm = meter resistance in ohms.

Multi-Range Shunts

_EBit2+Rm
N

R,

B, = intermediate or tapped shunt value
in ohms,

R+, = total resistance required for the low-
est scale reading wanted,

Rm = meter resistance in ohms,

N = the new full scale reading divided
by the original full scale reading,
both being stated in the same units.
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Voltage Multipliers

Efj
R = In Rm
R = multiplier resistance in ohms,
Ej = full scale reading required iq volts,
I = full scale current of meter in am-
peres,
Rm = meter resistance in ohms.

Measuring Resistance

—won—|[||F———

Ru

AARANA

~ U +
Sw. Rx

MWW

with Milliammeter and Battery*

I, )
R = Ra (2

unknown resistance in ohms,
meter resistance in ohms, or effec-
tive meter resistance if a shunted
range is used,

I, = current reading with switch open,
I = current reading with switch closed,
Ry = current limiting resistor of suffi-
cient value to keep meter reading
on scale when switch is open.

* Approximately true only when current l.imiting
resistor is large as compared to meter resistance.

Fr
W

Measuring Resistance—(Continued)

with Milliammeter, Battery and Known Resistor

I, - 12)
Rz = (Rv + Rm) ( 12

R, = unknown resistance in ohms,

R, = known resistance in ohms,

Rm = meter resistance in ohms,

I, = current reading with switch closed,
I = current reading with switch open.

- I I|+
1 | +

Sw.

l Ry
A AAARAARA J

VVVVWVWVVWWY

with Voltmeter and Battery

E
Rz= Rm (E—; - 1)

R: = unknown resistance in ohms,

Rm = meter resistance in ohms, including
multiplier resistance if a n\mttiplied
range is used,

E: = voltmeter reading with switch closed,

E: = voltmeter reading with switch open.

Muttiplier Values for 27-Ohm 0-1

Milliammeter
Shunt Values for 27-Ohm 0-1 Milliammeter Ft‘.;léll._ -?fééz I\’;élsl.l;_erAL':(E:lé
NT

'gbkégﬁ%‘ nzgrsl'{mnc: 0-10 volts 10,000 ohms
0-50 volts 50,000 ohms

0-10 ma 3.0 ohms 0-100 volts 100,000 ohms

0-50 ma 0.551 ohms 0-250 volts 250,000 ohms

0-100 ma 0.272 ohms 0-500 volts 500,000 ochms

0-500 ma 0.0541 ohms 0-1,000 volts 1,000,000 ohms
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Ohm’s Law for A-C Circuits

The fundamental Ohm’s law formulas for
a-c circuits are given by

I Z =

I
N by
~ ity

L]

&y
I
~

Z, P = EI cos 6

where I = current in amperes,
Z = impedance in Ohms,
E = volts across Z,
P = power in watts,
6 = phase angle in degrees.

Phase Angle

The phase angle is defined as the differ-
ence in degrees by which current leads
voltage in a capacitive circuit, or lags volt-
age in an inductive circuit, and in series
circuits is equal to the angle whose tangent
is given by the

ratio % and is expressed by

arc tan —{
R

where X = the inductive or capacitive reac-
tance in ohms,

R = the non-reactive resistance in
ohms,

of the combined resistive and reactive com-

ponents of the circuit under consideration.

Therefore

in a purely resistive circuit, § = 0°
in a purely reactive circuit, § = 90°
and in a resonant. circuit, 6§ = Q°

also when

= 0°cos 6 = 1and P = EI,
6 =90°%cos 6 =0and P = 0.

Degrees X 0.0175 = radians.
1 radian = 57.3°.

28

Power Factor

The power-factor of any a-c circuit is
equal to the true power in watts divided by
the apparent power in volt-amperes which
is equal to the cosine of the phase angle, and
is expressed by

_ElIcos@

p.f. %l

= cos 0

where

p.f. = thecircuitload power factor,
EI cos § = the true power in watts,

EI = the apparent power in volt-
amperes,

E = theapplied potentialin volts
I = load current in amperes.
Therefore
in a purely resistive circuit.
6=0 andpf. =1
and in a reactive circuit,
0 =90"and pf. = 0
and in a resonant circuit,

8 =0 and p.f. = 1

Ohm's Law for D-C Circuits

The fundamental Ohm’s law formulas for
d-c circuits are given by,

E E
I=—) R=—:
R I
E = IR, P = EI

where I = current in amperes,
R = resistance in ohms,
E = potential across R in volts,
P = power in watts.
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Ohm’s Law Formulas for D-C Circvits

Formulas for Defermining Unknown Values of . . .
Known
Values ! R E P
1&R IR I’'R
E
- EI
1&E 7
L L
i1&pP It 7
E E
R&E E R
R&P \/?_ V' PR
R
P K
E&P E’ P
Ohm's Law Formulas for A-C Circuits
Formulas for Determining Unknown Values of . . .
Known
Values I 4 E P
182 1Z I*Z cos 6
1&E E IE cos 8
I
P P
f&p I? cos 8 Icos @
E E*cos 6
Z&E —Z- ———Z
zZ&p p Pz
Z cos 8 cos 8
P E? cos 6
E&P E cos 0 P
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