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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 attempis to teach or explain the basic
principles involved should be left to classroom instruction and to the
many already existing publications written for this distinct purpose.

The Flectronics Data landbook, therefore, consists of formulas,
tables, charts and data. Lvery 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 objee-
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; 12! A dependable source of
information for the beginner. experimenter and set builder: (3) A
reliable guide for the service engineer and maimtenance man in his
evervday work: (4) A time-saving and practical reference for the
radio amateur, technician and engineer, both i the laboratory and
in the field of operations.

The publishers arc indebted to the MeGraw-Hill Book Company, Inc.,
for their permission to use material selected from *“Mathematics for
Electricians and Radiomen” by Nelson M. Cooke. Allied also takes
this opportunity to thank those manufacturers who so generously
permitted 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.

ALLIED RADIO CORPORATION



TABLE OF CONTENTS

Fundamental Mathemalical Data 4-h
Mathematies] Constants 4
Mathematical Symbols 4
Decimal Parts of an Inch 4
Fundamental Algebrae Formulas 5

Decibel Tables, AHlenuators and Matching Pads A-10
DNecibels, Fundamental Formulas A
DB Expressed in Watts and Vaolts A
Decibel-Voltage, Current and Power Hatio Table &
Tauble of Values lor Altenuator Network Formulas 7-5
Attenuator Network Formulas 5-9
Mmimum Loess Pads g 2 i HLH

Most Used Radio and Electronic Formulas ; =25
T0-Volt Loud-Speaker Matehing Formulas 1]
Hesistance : 12
Clapacitance y ; W S i i : t i 14
Inductance 12-13
Resactance 13
Resenance 13
Frequency and Wavelengrh 13
)" Factor 14
Impedance i4-18
Conductance 17
Susceplance : 17
Admittance 17
Transient { and & in LOR Clrcuils ; 15-19

Steady State Current Flow

Transmission lune Farmulas

Capacity of a Vertical Antenns

Vacuum Tube Formulas and Symbols

H.M 8. Peak and Average Volts and Current
11.C Meter Formulas .

Olin’s Law tor A-C and D.C Circoits

Engineering and Servicing Date Do DH-G5
R-F Coil Winding Formulas 26
Wire 'Table 27
LA Conl W mrl]n" Ll1tu ( hiar {

Inductance, Capavitance, Reactinee Charvis

Heow to Use Logarithms

T'rigomoemetric Relationships

Metrie Helationships

Pilol Lamp Dhaea ;

Direcily Interchangeable ‘1'uhes

Directly Interchangeahle 'T V Picture Tubes

Interchangeahle Hatteries

RETMA and Military Coler Codes {or Resistors and Capacitors
RETMA (olar Codea fnr Chassis Wirme

Sehematic Symbols used in Radw Diagrams a4
Abbreviations and Letler Symbols 55
Log and Trig Tables : 55653
Four-Place Commeoen Log ''ables HR-AT
Table of Natural Sines, Cosines and Tangenls i i SH-1

Index 51



ALLIED'S ELECTRONICS DATA HANDBOOK

. .
Mathematical Symbels Decimal Inches
wor - Multiplied by Inches x = Centimeters
~ or ¢ Divided by Inches X LO78 < 10 F = Miles
4 Positive. Plus. Add [nchis ¥ 10! = Mils
— Negative, Minus, Subtract
e B e e e my T s Decimal | Midlimeler
p Positive or negative. Plus or ninus inghes | Equivalent | Equivalent
Negative or positive, Minus orplus 16 | o186 | 0.357
) ) 1,32 01z £.794
— or i1 Fuals 374 4GS INCT
= Flslit [/16 0625 1.588
= ddentity 5,64 _ | O7Bl 1 985
= I8 approximately cqual 1o e 3iz2 - ?zgi %;
= Does ot equal I | 1.8 s _? 175
969 [R10E] K|
= [ greater than | &3 | isea
2 ) ; y I — 11 /64 718 |
> Ls el greater than | g Ne7E |
: Jeae the 13764 |
< Is less than : £ sin | |
& 15 much less than 14564 i | |
= ~ il
= Gireater than or equal to ] : | :
= Less than or equal o T /3 | ;
g Therefore o 56 ,
21084
P Angle 132 | |
A Iierement or Decrement =4 | am
4 Perpendicular to 25,44 -
I Yarallel 1o T :
7AE
3] Absotute value of » T |
15/32 |
361 | |
| o | I
. 3354 T 13087
Mathematical Constants |_ cerge || | | ease
ECETI 'g 4 I B
_ L s el 14.28¢
x = 3.14 V= 177 T " e
R : s 932 | 5438 15.0B1
2p = .28 I 33 54 | 094 15,478
e =] | -] F5,875
iuryt = 39.5 A a1 /64 B /i
S | =32 ) 656 .66
. T r 43 &4 | CEER 17067
4 — 126 VI = 141 il vwas | R | 17463
- ar 03T | 17.86D
at = QN7 V= 1T ) L e | 18228
A3 T34 B.63
w ) | 14 JAHE 0 18048
5 = L.57 —= = 0.707 5 T fhab 19,446
3 g _ 7813 10,347
. T i T s | ,?29 1,230
— H | b e 0 B 5
— = {+.318 0577 53,60 YR | 2108
™ v ] T3 8438 21430
I - 58| . R
EENET log o = 0,497 | B | vsb . e
a2 * af (6% | EELT 22,621
" T | 4 _.-32‘ " - _l Bos3 | 23_013
1 log — = .196 964 218 | Z341s
— = 0.1 = B | 151 | 9378 23812
we BB | ) T o200
log s = 0084 | | A EipmE - M9BR  uialn
1 - 0564 B354 i ggt4 25.001
S - . 10 10000 | 35400
VT log vir = 0.245
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Algebra

Exponents and Redicals

z
@ woal = gle+wl g = qley,
i
B B
(b — o (r!) _
f b
e Va o
R < g =
\ b \‘j;'{, ' i
(a}¥ = o™ v W= 2,
Tl = . y
al = \’f.f't_lz_
L
|'I'J .\.:r,.flf at =
Salution of a Quadratic
Guadraiie equations i the form
ar* +bx +e =0
may be solved by the following:
— b+ ‘\x/h!_-— dei
T = —
D
Transposition of Terms
I ’ I 1
If 4= then = AC, = —.
{ A
A ( A
Tf j% = '}-}u 1[Il.‘|l I = f) 1
AD AD lee
i =28 e 2 i
T ' 7= q
1 1
[fA = —. then Af = ——.
ovee ¢ DBC
1 1 1
B= —0 ((=—0- D= —
1A AR AN BC
ITA=VE £, thenA® = B 4 (?,
B=VAT ", (" =UT_ B,

tn

Decibels

The number of db by which two power
cutputs Fyoand Py (in watts) may differ, is
expressed by #

10O logg —
%,

ur in terms of volts,
. £
200 log F! :
A7y}
ar o current, I
20 log = -

While power ratios are independent of
suuree wd load impedance valnes, voltuge
and current ratios i these Tormudas Lold
trone only when the souree wend load -
pedances Z wied Zoowee equal. T erenits
where these inpedanees Jdiifer; voltage and
current ratios are expressed by,

E N Z 1T
df = 20 log Bivd or, 20 Jog ——
A7 17.1“’r Ly

DB Expressed in Watts & Volis

. | Above Zera Level Below Zore Lavel
DB Watts | Volts Watts Veolts
0 000500 [ER EE
1 100755 104 |3 71077 | 54
2 (b 00k 2R3 P80 ) I8
3 0 ar2o A 3010 23
4 RO} O I PR T A Y
5 0.019n 108 |1 80«10 7| A%
Ll [ERAA) T 46 |1 six10 4 ) A68
7 [ERAEI FTEAL F0ain U FTe
8 0 0ive 4 3h 19 Bixldo | ) Go0
L) UAM7T 4 RE 7 Bsxt o0 sa
3 [SIRELTETH] 5,48 | 6 10| s
I . G719 |+ TPx10 | O 488
[ .4k o 90 [ 1 Fasth | 0 435
(] oz | TR G sn | o0 388
i4 418 B FA |7 3Hei0 ] U 46
[ O 100 G F4 0 D0x10 | 0508
Th 093 Slwiinc 5
t3 30 LS o e T L B VI
T8 0.374 13 76 | 3. alxl0- | 028
] u.4a7 15 43 | 7 3810 | U 1494
20| ossnr | 17,32 | 6004100 | 0 173
20 1 S 30 8 | Bdxin 1) (¥a7a
kil L inl] 54 B |G D013 | h4aR
Eil 1% 0 OF a4 |1 B0=10°7 | 0 (308
0 | (FL ] 173 [ERM N TR B VRN e
s 150 A0E ToB0wI0 T 0 T
i) G001, G GRG0 GD348
0 6,500 173 GO0 G 7a
i) G0, 000 a0 oD 0 000595
an i CHID 17,300 [ER AR S BN 11 )
*hero db = G oaplliwatts lute s 300 ohe Toad
Power patios hold for avd boopendanee, Ll vide-
segod woast be roferred tooan bpedines lood of

00 ohos.
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Decibel—Voltage, Current and Power Ratio Table

~ + - +
Voltage DB Voltage Vaoltage D B Valtage
or Power or Power or Power or Power
Current Ratio Current Ratio Current Ratio Current Ratic
Ratio Ratio Rafia Ratio
1.0000 1.0000 1] 1.000 1.000 A4R98 2399 6.2 2.042 4,169
.9886 9772 1 1.012 1.023 A842 2344 6.3 2.065 4,266
g2 9550 -2 1.023 1.047 4786 2291 6.4 2.089 4365
9661 9333 | 3 1.035 1.072 4732 2239 6.5 2113 4 467
9550 8120 A 1.047 1.086 4677 2188 6.6 2138 4,571
9441 8913 | .5 1.059 1.122 4624 2138 6.7 2163 4.677
9333 8710 .6 1.072 1.148 4571 2085 6.8 2188 4,786
9226 .Ball T 1.084 1.175 4519 2042 6.9 2213 4 898
9120 8318 .8 1.095 1.202 A467 1995 7.0 2238 5012
9016 8128 9 1.109 1.230 4416 1950 7.1 2.265 5129
8913 7943 1.0 | lLi22 1.259 4365 1805 7.2 2.291 5.248
8810 F162 1.1 1.135 1.288 4315 1862 7.3 2317 5.370
8710 7586 1.2 1.148 1.318 4266 1820 7.4 2.344 5,495
8610 7413 1.3 1.161 1.349 427 1778 1.5 23N 5623
8511 J244 1.4 1.175 1.380 4169 1738 7.6 2399 5.754
8414 J079 1.5 1.189 1413 4121 1698 1.7 2427 5,888
8318 6918 1.6 1.202 1.445 4074 1660 7.8 24855 £.026
8222 6761 1.7 | L216 1479 4027 1622 7.9 2483 £.166
8128 6607 1.8 1.230 1.514 .3981 1585 8.0 2512 £.310
8035 B457 1.9 1.245 1.549 .3836 1549 8.1 2.541 £.457
1943 6310 2.0 1.259 1.585 .38490 1514 8.2 2510 6.607
7852 6166 21 1.274 1622 3846 1479 3.3 2.600 6.761
7762 6026 2.2 1.288 1.660 3802 1445 8.4 2630 £.918
7674 5888 2.3 1.303 1.698 3758 1413 8.5 2.661 1.075
1586 5754 z.4 1.318 1738 A715 1380 B.6 2692 7.204
7439 5623 2.5 1.334 1.778 3673 1349 8.7 2723 1413
7413 5495 26 1.349 1.820 .3631 1318 8.8 2.754 1.586
7328 5370 2.7 1.365 1.862 .3589 1288 8.9 2786 1.762
7244 5248 2.8 1.380 1.905 3548 1259 9.0 2818 1.943
7161 o129 2.9 1.3% 1.950 3508 1230 9.1 2.851 8.128
7079 5012 3.0 1413 | 199 3467 1202 9.2 2.884 8.318
6998 4898 3.1 1.429 | 2.042 3428 1175 9.3 2917 8,511
6918 4786 3.2 1.445 2.089 3338 1148 5.4 2.951 8.710
6839 a677 3.3 1.462 2138 3350 1122 9.5 2.985 8913
761 a571 3.4 1.479 2188 3311 1096 9.6 3.020 9.120
6683 4467 3.5 1.4%6 2.239 3273 1072 9.7 3.055 9,333
G607 4363 3.6 1.514 2.291 3236 1047 9.8 3.080 9.350
5931 4766 3.7 1.531 2.344 3199 1023 9.9 3126 9.772
6457 4163 3.8 1.549 2399 3162 1000 10.0 3162 10.000
5383 074 3.9 1.567 2455 2485 08913 | 10.5 3350 11.22
6310 .3981 4.0 1.585 2.912 2818 07943 | 11.0 3.548 12.59
6237 3890 4.1 1.603 2510 .2661 0707% | 11.5 3.758 14.13
6166 .3802 4.2 1.622 2.630 25112 06310 | 12.0 3981 15.85
5095 3715 | 4.3 1.641 2692 2371 05623 | 12.5 4217 17.78
6026 3631 4.4 1.660 2.754 2238 05012 | 13.0 4.467 19.95
5957 3548 4.5 1.6/9 2818 2113 Da467 | 13.5 4732 22.38
5888 3467 4.6 1.698 2.884 1995 03981 | 14.0 5012 25.12
5821 .3388 4.7 1.718 2.951 1884 03548 | 145 5309 28.18
5754 3311 4.8 1.738 3.020 1778 03162 | 15.0 5.623 31.62
5689 3236 4.9 1.758 3.090 .1585 02512 | 16.0 6.310 39.81
5623 3162 5.0 1.778 3.162 1413 01585 | 17.0 1.019 50.12
5559 .3090 5.1 1.7599 3.236 1259 01585 | 18.0 7943 63.10
5485 3020 5.2 1.820 331 1122 01259 | 19.0 2913 79.43
5433 2951 5.3 1.B41 3.388 1000 01000 | 20.0 10.000 100,00
5370 2884 5.4 1.862 3.467 03162 00100 | 30.0 31.620 7 1,000.00
5308 2818 55 1.884 3548 01 00010 | 40.0 100.00 | 10,000.00
5248 2754 5.6 1.905 3631 03162 00001 | 50.0 316.20 104
3188 2692 5.7 1.928 3.715 0L 19-* 60.0 | 1,00000 Lo#
5129 2630 5.8 1.950 3.802 0003162 10-7 70.0 | 316200 107
5070 2570 5.9 1.972 3830 0001 10-* 80.0 | 10,000.00 100
5012 2512 6.0 1.395 3.931 .0ooo3ie? | 10-° 90.0 | 31,620.00 1o*
4955 2453 6.1 2.018 4.074 10-2 10-¢ | 100. 10 loe
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Table of Values for Attenuator Network Formulas
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Attenuator Networks

For Insertion Between Equal Impedances

For data covering networks between unequal impedances, see Minimum Loss Pads on
page 10, See also Decibel— Voltage Current and Power Ratio Table on page 6.

See table on page 7 for values of A, B, C, D, E used in the following attenuator net-
work formulas,

In the case of L and U networks where only the input or output can be matched, as required,
the matched side 1s indicated by an arrow pointing toward the pad. On all other networks,
both the input and output circuits are matehed,

O——— A~ Q
Ry Ry
E— 3R £ 2 — Rz £
- RI
o o
iR
Ryo=22
R, = ZB TR
L Ry= ZC U R, = 4C

Z
R, = ©
VA
L #:=p U
C V.".V.'. 0
Ra Ra
£ Ry R) Z x R|:E gEFh - *
2
G & O et AN e}
Z Z
B =5 Bi=p
Z 4
R, = 5 R: R
= TF 0 2F
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p———)
o AN —F—AA——O Ry
R R 2 2R, B
< -
- SRe 2 —
b3 o :
o 0 z Rz 2
Ry
c ""’"‘V - 0
ZB
B = 3
Ri=2D
2 4C
T Ry = ZE Balanced U T2
VWW— O— VWA 9]
Rr n|
O— —0 H RS 2
z 2 -
—_—
Fd Ra F O o)
o, + -0 < Rz:E 2
PR .
—A\W—0
4
2 =30
R}. ==
e 7
1 R = ._‘_
Bridged T R, = ZC Balanced U T 2B

Constant Impedance Attenuators in Parallel

P Number of Channals
" 2 3 4 | s 6
O_W__]%“,\L— 30 10 15 18 20 215
T /’ 50 | 166 | 26 | 30 | 333 | 357
) 150 50 15 90 100 107
O- 200 | 666 | 100 | 120 | 133 | 143
— L SR e
R R, =B R R AR
M— WAW—O 300 166 250 300 333 a5
P w2y | 5% | 20 | 30 | 360 | w0 | 4
Network
& [ " pradod I ‘ 85 | 12 14 | 155§
R N-1 | Insertion loss
AV R; = ZL _T-_ . r
N -r'l Cindh = 20 logm N
-—Z —»
o . Where Zip= identical line and load impedances;
and N = number of channels in parallel,

9

Table of R, Values in Ohms
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Minimum Loss Pads

Ry R
2
3 Ro Z3 £ Rz L]
Ri
2
o - o}
Unbalanced Balanced
For Matching Twe Impedances where Z, > Z; matched, use a resistor R, in series with
I — the smaller impedance such that
Ry=VZ (Z,— 7y Ry = Zy — Zs
Zy Zy 7
Bz = db loss = 20 logio \J '
R; EBio Zi‘
‘ _ 7, \]2. )

2 Yo =20 logie (\/Z_2 + Ty k If the smaller impedance only is to be
matehed, use a resistor B¢ in shunt across
the larger impedance such that

B B8

Where Only One Impedance is to be A TS = T
Matched =
If the larger impedance only is to be Here also db loss = 20 loguw \/%

Tables of R, and R, Values
When Z, is 500 chms
and Z, is less than 500 ohms.
z. 400 | 300 ‘ 250 | 200 | 160 | 125 | 100 | 80 | 65 EIENERE:
R. 224 | 316 a3 | a2 | am | 458 | 466 4| a0 g5 | 487

R, | 694 | 474 | 354 | 258 | 19 | 14 | 112 | 873|697 | 527 | 417 | 309 | 256

db - '
b 4 ‘ 65 (75 9 | 10 |15 |125 (185|185 | 6| 7 | 18 | 19
When Z. is less than 25 ohms,
let By = 500 — g'
and By = 7 :
Where Z, 15 500 ohms,
and Z, is greater than 500 chms. )
z, | 60 | 800 | 1,000 |1,200]1,500 | 2000 | 2,500 | 3000 | 4,000 | 5,000 | 6,000 | 800 |10,000
R, | 245 90 | 707 | 917 | 1,225 | 1732 | 2.236 | 2730 | 3742 | 4,743 | 5,745 | 7,746 | 9,747
R. |1225 817 | 707 | 655 | 612 | 577 | 559 | 548 | 534 | 527 | 622 | 516 | 513

db | |
Loss 3.5 ‘ & 1.5 9 . 10 ‘11,5 ‘]2.5 . 135 | 15 16 17 13 19

When Z, is greater than 10,000 ohms,

!HI- R[ = Z| — 250
and 22 = 500

10
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70-Volt Loud-Speaker Matching Systems

The RETMA 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. T'o use this method:

1. Determine the power required at each
loudspeaker.

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

4. Select 70.7-volt transformers having
primary wattage taps as determined
m step 1.*

EoN
v

Wire the seleeted primaries in parallel
across the 70.7-volt line.

. Connect each seeondary to ite speaker;
selecting the tap which matches the
voiee coll impedance,

IFor 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 powor
fih

or 4L == 1
2 M

*I'hese  trunsformers have (he priomry  taps
marked in watts and the secondaries murked in
ohmy,

Sinece the voltage at rated amplifier power
15 70.7, this reduces to:

0.7 5000
TP TP
From formula (2) these relationships are:

L watt requires 5000 ohm primary

2 watts requires 2500 ohm primary

5 watts requires 1000 ohm primary

10 watts requires 500 chm primary

Z (2)

Onee 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 mismateh of 2597, is generally considered
permissible,

Example: Required

One 6 watt speaker with 4 ohm voice coil,

Two 10 watt speakers with 8 ochm voice
¢oils (use one transformer at this
location).

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

. A0

(3) Bpaniee == S 833 ohms (use
1000 ohm transformer)
= SO0
Z 20 witts — )—U = 250 ohms

(4-3) See sketeh below,

TOT VOLTS [

250 owsg Gaoms 1 =3;:<

30
WATT
AMPLIFIER
1000
DHMS

E WATT
Eﬂ- OHMSE % 4 OHM

TWO 10 WATT
8 CHM
SPEAKERS

il

SPEAKER
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Most Used Formulas

Resistance Formulas

In series Ri = R -+ B: + Rs...ete.
In parallel Ry = l 1
— ...ete,
g
Two resistors RiR,
in parallel FET o By
Capacitance
In parallel = O, 4 C: + ;... ete,
In series G :
SET1es 1=
1 1 1
- -1 — ... ete.
'y T 'y + C:
Two capacitors Gis C\Cs
in series Ci+ Cs

The Quantity of Electricity Stored Within
a Capatcitor is Given by

Q@ =CF
where ¢ = the quantity stored, in
coulombs,

E = the potentiul impressed
across the condenser, in
volts,

(' = eapacitance in farads,

The Capacitance of a Parallel Plate
Capacitor is Given by

C=&m%£§%lﬂ

where (' =capacitance in mmfd.,
K = dielectric constant,
*S = area of one plate in square

centimeters,
N = number of plates,

= thickness of the dielectric
in eentimeters (same as the
distance between plates).

* When & and d are given in inches, change
eonstant (L088S to 0.224. Answer will still be

in micromicrofarads.

DIELECTRIC CONSTANTS

Kind of Approximole*
Dielectric £ Value
Air (at atmospherie pressure)....... 1.0
Braceshibes s S s iR i 5.0

B MR 5 S TG 3.0
Cambrie (varnished). .. ... ... ... .. 4.0
Eibiress f Brad Joonoanoi s sl i 5.0
Glnss(windoworﬂint.),...,...,,.A. 8.0
Gutta Percha. . 4.0
Miea. 6.0
anﬁ'in(sohd) e R 2D
Paraffin Coated Paper PG 1 |
Porecelain. . SN 6.0
Pyrex.. 4.5
Qu.urt.z. A NS e TR
DA s T e S S R IS 3.0
Blicbenys s i e R S 7.0
Wood (very dry). .. ... .0 coaiaidn 5.0

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

Self-Inductance
In series Li=Li+ Li+ Ls... ete.
1
In parallel L= =
— 4+ —...eta.
L + Lg + .L]
Two inductors Ti s Ly Ly
in parallel T Ly A+ L
Coupled Inductance

In series with fields aiding
Li=L+ L +2M
In series with fields opposing
Ly=L 4+ L,—2M
In parallel with fields aiding

bi=— : 1
Li+M L.+ M
In parallel with fields opposing
Li=— l I
R
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where [, = the total inductance,

M

Lyand L, = the self inductance of the
individual coils.

Il

the mutual inductance,

Mutual Inductance

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

B v ST

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

L

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

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

Coupling Coefficient

When two r-f coils are inductively coupled
s0 as to give transformer action, the coup-
ling coefficient. is expressed by
i M
Ko=ie e
N L Ton
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.

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

1
fe= -

1
albo L=———=
dr' [ C
- M
2B © ’i'ﬂ'e _lr!2 L

where f, = resonant frequency in cycles
per second,
L = induectance in henrys,
C = capacitance in farads,
2r = 6.28
4r? =395

Reactance

of an inductance is expressed hy

Xy = 2xnfL
of a capacitance is expressed by
1
Ao =——
T oxfC
where X = inductive reactance in chms,

(known as positivereactance),
X¢ = capacitive rectance in ohms,
(known as negative reae-

tancey,
f = frequency in cycles per see-
ond,
L = inductance in henrys,
(' = capacitance in farads,
2r = 6.28

Frequency from Wavelength
_ 33X 10°

! (kilocycles)

where A = wavelength in meters,
3 x 10

= X {megacycles)

where A = wavelength in centimeters,

Wavelength from Frequency

&
k=3><10

(meters)

where f = frequency in kilocycles.

3 10t
LR

(cenlimeters)

where [ = [requency in megacyeles.
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Q or Figure of Merit

of a simple reactor

Q= XL
EL
of a single capacitor
g = Xe
Re
where” () = a ratio expressing the figure
of merit,
X1 = inductive reactance in ohins,
¥¢ = capacitive reactance in ohms,
R: = resistance in ohms acting in
series with inductance,
Re = resistance in ohms acting in

series with eapacitance,

Impedance

In any a-¢ eireuit where resistance and
reactance values of the B, L and C com-
ponents are given, the absolute or numeri-
eal magnifude of impedance and phase
angle can be eomputed from the formulas
which follow,

In genersl the basic formulis expressing
total impedance wre:

[or series cireuits,

Zi =+/R¢ + X7,
for parallel circuits,
- 1
VGE + B

See page 17 for formulas involving impedace, con-
ductance, susceptance and admittanee.

2

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

R X
Z=— Z = —
cos sin
R =2cos ¢ X =Zsin @
where Z = magnitude of impedance in
thms,
It = resistance in ohms,
X = reactance (inductive or capaci-
tive) in ohms.
Nomenclature
Z = absolute or numerical value of
impedance magnitude in ochms
B = resistance in ohms,
X1 = induetive reactance in ohms,
X = eapacitive reactance in ohms,
I, = inductance in henrys,
(' = capacifance in farads,
Ry = resistance in ohms acting in
series with inductance,
Re¢ = resistance in ohms acting in
series with eapacitance,
fi = phase angle in degrees by which

current leads voltage in a ca-
pacitive eireuit, or lags voltage
in an inductive circuit, In a
resonant cireuit, where Xz
euals Xe, 8 equals 0%,

Degrees > 0.0175 = radians.
1 radian = 57.3°,
Numerical Magnitude of Impedance . . .

A kA
VWYV

of registance alone
Z=R
g =0°
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A fia Fa

A AN A ——
of resistance in serics
4 =R+ R:+ Rs...ete
0 =0°

L
SHW
of inductance alone
Z =Xt
# = 4 90°
= Lz L3
— T —
of induetance in series
=X+ X+ Xein ..
0=+ 90°

ete.

of eapacitance alone
Z =
8= — 90°

of eapacitanee in series

4 =Xoi+ Xea+ Xea ... ete.
f=— 00°
[ Ca
i
or where only 2 capacitances €'y and Cy are
involved,
7= L(C. + Cr)
2ef \ €Oy
f = — 80"
R L
——MW— T ———

of resistance and induetance in series
Z = \/Rﬂ + _*YLQ

L
# = arc tan R

3] (\'.’.
of resistance and capacitance in series

z =\/R2 —|- X(:2

X
f = ar¢tan ——
K

L

st

of inductance and capacitance in series
Z=Xr—Xc
f = —90" when X; < Xe
0° when Xp = Xe
-+ 90° when X, > Xo

I

Il

— T

of resistance, inductance and capacitance
in series

Z=VER+ (XL - Xy

X —Xeg
f = ar¢ lan ————
R
T‘\!‘\!l"
g,
Ry
A

of resistance in parallel

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

7 R R,
B+ R
=0
L
(A XVRN]
BRLEH
Qud

of inductance in parallel

1
£ o= : : -
X[A X!,f XL; wowow O LG
8 = +90°
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or where only 2 inductances L, and L, are

involved,
L[ IJI
ad oy

8=+ 90°

of capacitance in paralle]

1
Z =
1,1 1
X Xeo: Xey - ete.
6= — %W°

or where only 2 capacitances (!, and C, are
involved,
1

z e —
2f (C1+ Ca)
= —90°

— P

of inductanee and resistance in parallel,
RXy.

L=
\/Rz-l-X:.:

f) = arc tan E
L

—F e —

of capacitance and resistance in parallel,

RX¢
L =
\/Rg + X¢o*
i = — arc tan i

o

of induetance and capacitance in parallel,

7z = X Xe
Xy — Xe¢

# = 0° when Xr=X¢

of inductance, resistance and capacitance in
parallel

7= EXiXc
vV XX + (RXw — RXo)
6 = gre tan M
X: Xe

R L
—_— C ]|_
of inductance and series resistance in paral-
lel with capacitance

R*+ X2
Z=Xe\g 1 (X1, — Xo)*

Xe Xe — X012 — R’)
RXe

6=arctan(

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

7 = (B 4 X1 (Re* + X&P)
(Re+ Re)* + (Xo — Xe)?

Xu(Re*+ X ") —Xe (RL'+X1)
Ru(R*+ X"+ Re(RL XY

f#=arc tan
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Conductance

In direct current eircuits, conductance is
expressed by

where G = vonductance in mhos,
R = resistance in ohms.

In d-¢ eireuits involving resistances R, Ko,
Ry, ete., in parallel,
the total conductance 1s expressed by

Grom=0 4+ G+ 0. .
and the fotal current by

Dow = E Gutal
and the amownt of eurrent in any single rests-
tor, Ra for exainple, in o paratlel group, by
Ilﬂtu.l ("3

_G1+(-J"_-+Gg...l3t-c.

ete.

I

K, Fand I m Ohm's law formulas for d-c
circuits may be expressed i terme of con-
duetance as follows:

1

E=",

1
R=-,
7

1 = EG,
G

where ¢ = conductance in mhos,
I = resistance in ohms,

I = potential in volts,

! = currend in amperes,

Susceptance

[n an alternating current circutt, the sus-
ceptance of w series eireuit is expressed by
X
R'+ X*
or, when the resistance is () susceptance
hecomes the reciprocal of réactance, or

1
B = =
X
where B = suseeptance in mhos,
£ = resistance in ohms,

X = reactance in ohms,

Admittance
In an alternating eurrent ecirenit, the ad-
mittance of 0 series eireuit is expressed by
1
Y
VR + X°
Admittance is also expressed as the recipro-
cal of impedance, or

g |
zZ
where ¥ = admitiance i mhos,
R = resistance in ohms,
X = reactance in ohms,
4 = impedanee in ohms

R and X in Terms of G and B

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

-G P B
Gr:_I_B'.F' Gi__I_Bz'

G, B, Y and Z in Parallel Circuits

In any givenn a-¢ cireuil centaining o

number of smaller parallel eireuits only,

the éffective conductance Gy iy expressed by
Gf :G1+Gg'|'G:...E|.IJ.,

and the effective susceplunce By by
B[: B|+B:+Bs...ﬁl;c.
and (he gffective addmitlanee Yy by
Yi =v/G* + B/
and the effective impedunce 2y by
1 1

Zg = 0 O —
VGE+ B T
where K = resistance in ohmg,
X = regctance (capacitive or indue
tive) in ohms,
(G = conductance in 1uhos,
B = susceptance i inhos,
Y = admittance in mhos,
Z = impedance in chms.
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Transient | and E in LCR Circuits

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

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

E = potentialin volts as designated,
R = eircuit resistance in ohms,
(' = capacitance in farads,
L = inductance in henrys,
V' = steady state potential in volts,

Ve = reactive volts across €,

Vi = reactive volts across L,

Ve = voltage across R

RC = time constant of BC circuit in

secands,
L . A
7= time constant of RL circuit in
seconds,
t = 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 36.87; of its initial value or to rise to

1

(1 _E) or approximately 63.29; of ils final

value.

Charging a De-energized Capacitive Circuit

Ct—)
st

E
N R
L

1

O

+
I

YWV

E=applied potential,

Discharging an Energized Capacitive Circuit

© 8

l;lll"‘
dll;

o
W

I{ = potential to which €' is
tharged prior to closing Se.

7 t

H 4 e
1= —e€ RO
R

o~
o~
<
L
&
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Voltage is Applied to a De-
energized Inductive Circuit

TN
Fuse
:
+
=k C/Sw
= o
P
S
oo

E =applied potential

(I—e J’-)

/

An Energized Inductive
Circuit is Short Circuited

s
e
Fuse Blows
L
E
4 L
= Sw ==
. R
I/
Sw
i
E=counter potential irduced in
coil when switeh is closed.
g e
1 =— g L
R
£ E
i ¢ v Va, Vi
t T
e

Steady State Current Flow

In a Capacitive Circuit

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

E E
I = s———=F (2nfC
Xe 1 (2 1C)
2nfC
where [ = eurrent in amperes,
Xe¢ = capacitive reactance of the ecir-

cuit in ohms,
E = applied potential in volts.

In an Inductive Circuit

In an induetive eircuit, where inherent
resistance and eapacitance components may
be so low as to be neglgible, the flow of cur-
rent 4t a given alternating potential of a
constant frequency, is expressed by

[ E E
Xe ImfL
where [ = current in amperes,
X = inductive reactance of the cir-
cuit in ohms,
F = apphed potential in volts.
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Transmission

Concentric Transmission Lines
Characteristie impedance in ohms is given
5]

¥ dy
Z = 138 log —
2

R-f resistance in ohms per foot of copper
line, is giveu by

r=\/}-(l 1

St -2
ti + dz) % b

Attenuation in decibels per foot of line, is
given by

oo HOVIditd) o
dyedy (lug

dy
dz)

where 4 = characteristic lmpedance in
ohms,
r = radio frequency resislance in
ohms per foot of copper line,
¢ = attenuation in decibels per [oot
of line,
d; = the inside diameter of the ouler
conductor, expressed in mches,
d» = the outside diameter of the fnner

eondueter, cxpressed In inches,

f = frequency in megacycles,

Tweo-Wire Open Air Transmission Lines

Characteristic impedance in ohms is piven
o Z=27611 2
= i 0g d )

Inductance in microhenrys per foot of line
is given by

L = 0.281 (lug 2{?)

Capacitance in micromicrofarads per [oot
of ling 18 given by
3.68
2D

log q

Line Formulas

20

Attenuation in deeibels per foot of wire is
given by

_ 0.0157 Ry

B 2D

log =

db

R-f resistance in Ohms per loop-foot of
wire, is given by

s 2R107V [
! d
where Z = characteristic impedance in
ohms,
D = gpacing between wire cenfers
in inches,
d = the dismeter of the conductors
in inches,
L = inductance in micrchenrys per
foot of line,
(' = capacitance in micromicrofar-
ads per foot of iine,
db = attenuation in decibels per foot
of wire,
R, = r-f resistance in ohms per loop-

foot of wire,
f = frequency in megacyeles.

Vertical Antenna

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

171

(o) )]

where ('z = capacitanee of the antenna in
mieramierafarads,

(ﬂa:

I = height of antenna in feet,

4 = dinmeter of antenna conduetor
i1 inches,

{ = operating [requency in mega-
eyeles,

e = 2.718 (the base of the natural

system of logarithms).
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Vacuum Tube Formulas and Symbols

Vacuum Tube Constanis

Amplication factor (Mu oru) is given by
Ep . .
{with {5 constant)
.El‘.’

o=

Divnamice plate resistance in ohms, is
given by

]

ABs
vy E;l (with Eg constant)

Mutual conductance in mhos, is given b
r

Iy

A .
Om = A (with Ep constant)

(s

Vacuum Tube Formulas

Crain per stage is given by

(7im)
" Re+mp

Voltage output appearing in Rris given

by
( E: RL )
# rp + R

output in Ky, is given by

Pawel

BN
Re (L)
p +Rh

Maximum power output in £z which results
when Eo=ry, i8 given by

{#Ei}g

dirp

Maximum undistorted power outpul in Ry,
which results when Re=2r;, is given by
2Ap k)’

9 Tp

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

_Eﬁ
Ie

Vacuum Tube Symbols

Muworp = Amplification factor,
rp = Dynamic plate resistance in
ohms,
gm = Mutual conductanee in mhog,
E, = Plate voltage in volts,
Ey; = Grid voltage in volts,
I, = Plate current in amperes,
Ry = Plate load resistance in ohms,
Iy = Total eathode current in am-
peres,
F; = Signal voltage in volts,
A = change or variation in value,

which may be either an incre-
ment (inerease), or a deerement
(decrease).

Peak, R.M.5., and Average A-C Values of F & |

Siven To get...
ema Peak R.M.S. Av.

Peak 0.707 X Peak - 0.637 X Peak
R.M.S. 1.41 X R.M.S. 0.9 X R.M.5.
Av. 1.B7 ¢ Av, AT A_v.

21
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D-C Meter Formulas

Meter Resistance

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

1. Connect the meter in series with a
suitable battery and wvariable resist-
ance i) 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 itz value
until a half scale reading is obtained,

4, Disconnect Rz from the circuit and
measure 1ts d-c resistance.

The meter resistance R is equal to the
measured resistance of K.

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 seale current of the meter
is known:

voltage of the battery used

R.= ;
™ 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 so0 would in all probability result in a
burned-out or severely damaged meter,
since 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.

22

Chms per Yolt Rating of a Voltmeter
1

QV =—
/ IJ':
where ©2/V = ohms per volt,
Irs = full scale current in amperes.

Fixed Current Shunts

B

e -

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,

Rwm = meter resistance in chms,

Multi-Range Shunts

_ Riy2+Rn

R N

&, = intermediate or tapped shunt value
in ohms,

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

Rn = meter resistance in ohms,

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

.

R _— I_n - Rm
R = multiplier resistance in nhms,
Epn = full scale reading required in volts,

Iy = full scale current of meter in am-

peres,
REm = meter resistance in ohms.

Measuring Resistance

Ry
(o)
HAAAMY
B \_/ *
Sw. Rx
0 VWAN———

with Milllammeter and Battery™

I
%= (527)

R; = unknown resistance in ohms,

R = meter resistance in ochms, or effec-
tive meter resistance if a shunted
range is used,

I\ = current reading with switeh open,
Iz = current reading with switch closed,
R, = current limiting resistor of suffi-

cient, value to keep meter reading
on seale when switch is open.

* Approximately true only when current limiting
resistor is large as eompared to meter resistance.

Shunt Values for 27-Ohm 0-1 Milliammaeter

FULL SCALE SHUNT

CURRENT RESISTANCGE
0-10 ma 3.0 ohms
0-50 ma 0.551 ohms
0-100 ma 0.272 ohms
0-500 ma 0.0541 ohms

Measuring Resistance—(Continued)

- +
{111} ;
Sw.
— S Ry e
Rx

with Milliammeter, Battery and Known Resistor

(o) (252

R; = unknown resistance in ohms,

R, = known resistance in ohms,

Rwm = meter resistance in ohms,

I'1 = current reading with switch clased,
I2 = current reading with switch open.

=N
Sw.
l Ry -

with Voltmeter and Baltery

“2

Rz = unknown resistance in ohms,

Ry = meter resistance in ohms, including
multiplier resistance if a multiplied
range is used,

Ey = voltmeter reading with switeh closed,

E» = voltmeter reading with switeh open.

Multiplier Values for 27-Ohm 0-1
Milliammeter

FULL SCALE MULTIPLIER
VOLTAGE RESISTANCE
0-10 volts 10,000 ohms
0-50 volts 50,000 ohms
0-100 volts 100,000 ohms
0-250 valts 250,000 ohms
0-500 wolis 500,000 ohms
0-1,000 volts 1,000,000 ohms

23
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Ohm’s Law for A-C Circuits

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

E E
Fm = ooy
g I
E =1Z, P=ETlcosd
where I = current in amperes,

Z = impedance in Ohms,
E = volts across Z,

P = power in watts,

# = phase angle in degrees.

Phase Angle

The phase angle is defined as the differ-
ence in degrees by which current leads
voliage in a capacitive circuit, or lags volt-
age i an inductive cireuit, and in series
circuits 18 equal to the angle whose tangent
is given by the

ratio — and is expressed by

X
are tan —
R

where X = the inductive or eapacitive reac-
tance in ohms,
B = the non-reactive resistance in
ohns,
of the combined resistive and reactive com-
ponents of the cireuit under consideration,

Therefore
in-a purely resistive circuit, # = 0°
in a purely reactive eireuit, § = 90°

and in g resonant.circuit, @ = 0°
also when
= 0°%cos 0=1and P=FEI
f=90%cos = 0and P =0,

Degrees % 00175 = radians,
1 radian = 57.3°

Power Factor

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

f _ Elcos® _
pf. = 7l

08 &

where
p.f. = thecireuit load power factor,
EI cos f = the true power in watts,

EI = the apparent power in volt-
amperes,

E = theapplied potentialinvolts

I = load eurrent in amperes.

Therefore
in a purely resistive circuit,
0 =0" and pf. =1
and in a reactive circuit,
¢ =90%and pf, = 0
and in a resonant cireuit,

=0° andp.f. =1

Ohm's Law for D-C Circuits

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

E
!=E; R”rs
E=IK, P=EI

where | = current in amperes,
R = resistance in ohms,
E = potential across B in volis,

P = power in watts.
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Ohm'’s Law Formulas for D-C Circuits

Formulas For Determining Unknown Values of . . .

Known
Values i R p .
1&R IR I'R
E
1&E = Kl
I
1&p P P
I I
B 5
R&E b
E B
P R
R&P e PR
V7
i3
Ezp P B
I B
Ohm’s Law Formulas for A-C Circuits
¥ a— | Formulas for Determining Unknown Valves of . . .
Values ‘ I 7 . 5
&z J 1Z I*Z cos ¢
ek E 1E cos @
i
1&P i P P
I* cos @ I cos @
Z&E £ E'cos
\ Z Z
zZar 1 F P7
| Z cos @ N cos 4
E&P P E* cos f
B ocos 0 P
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Coil Winding Data

Turns Per Inch Coil Winding Formulas

& . en . . The following approximations for wind-
auge UiEer SLTTUERE Rer Lirie tnen ing r-f coils are accurate to within approx.

(AWG) 8 %
=t = ey 19, for nearly all small air-core coils, where
(B&S) Enamel | 5.5.C. and D.C.C. o ¥ !
! 5.C.GC. L = self inductance in mierohenrys,
N = total number of turus,
1 — — 44 B8 r = mean tadius in inches,
2 s =3 38| 36 _ g sy
= — - 42 40 = length of (,(fll.lll.lllbhﬂb,
4 _ — 47 45 & = depth of coil in inches.
5 = — b2 5.0

Single-Layer Wound Coils
— — 5.9 5.6

6

7 — Il = 65| 6.2 oy —l

8 7 - 74 | 7. r 4

9 88| — g2 | 78
10 96 | — 9.3 | 8.9 r
1 107 | — 103 | 98 1
12 120 | — 115 | 109

13 135 | — 128 | 12.0
14 150 | — 142 | 138 L = N
15 168 | — 15.8 | 14.7 = 9 + 100
16 189 | 189 | 17.9 | 164 TOr + 100)
17 22 | 212 | 199 | 18.1 N = —
18 236 | 236 | 220 | 19.8
19 264 | 264 | 244 | 218
20 294 | 294 | 27.0 | 238 Multi-Layer Wound Coils
21 331 | 327 | 29.8 | 26.0 4—r-{
22 370 | 365 | 341 | 30.0 } .
23 413 | 406 | 376 | 31.6 B
24 46.3 45.3 415 | 356 [
25 517 | 504 | 456 | 38.6 ! |
26 580 | 556 | 50.2 | 41.8 b
27 649 | 615 | 55.0 | 45.0 0
28 727 | 686 | 602 | 485 )
29 816 | 748 | 654 | 51.8 [ =8N
30 90.5 83.3 71.5 | 555 6r + 9 + 106
31 101, 92.0 | 775 | B59.2 ; ;
a0 113. 101. 83.6 62.6 Single-Layer Spiral Wound Coils
33 127. | 110. 90.3 | 66.3
34 143, | 120. 97.0 | 70.0 !n—r—-|
35 158. | 132, | 104. 73.5 ; i
070 0’0 o N
36 175. | 143. | 111. | 77.0
37 198. | 154. | 118. | 80.3 | |kb
38 224, | 166. | 126. | B3.6
39 248. | 181. | 133. | 866 (rN)2
40 | 282. | 194. | 140. | 897 L=¢ 1110
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Table of Standard Annealed Bare Copper Wire
Using American Wire Gauge (B&S)

DIAMETER INCHES AREA |WEIGHT | LENGTH RESISTANCE AT 68° F
Gauge 2 Current®
Capacity
Lol Circular | Pounds | Feat | Ohms | Fest | Ohms |AMES-
B4&S) Min. MNom, Max, Mils per M' | perLb. | per M’ | per Ohm | per Lb. |insylated
0000 554 4600 4646 211600, 640.5 1.561 04901 20400, 00007652) 225
00D 4055 4096 4137 167800. 507.9 1.968 06180 16180, 0001217 175
[ ] L3612 .3648 3584 133100, | 4028 2.482 07793 | 12830. | .0001935 | 150
o LA217 J249 S281 105500, 319.5 3.130 3827 10180. 003076 125
1 -2864 L2893 2922 B3690. 2533 3.947 .1239 BO70. 0004851 100
2 2550 2676 2602 66370, 2009 4.977 L1583 E400. 0007778 20
3 22N 204 2317 52640, 159.3 6.276 1970 5075, 001237 80
4 .2023 2043 2063 41740, 126.4 7.914 2485 4025. 001966 70
] 801 1819 <1837 33100. 100.2 9.980 .3133 3192, 003127 55
6 1604 1620 L1636 26250, 79.46 12.58 3951 2531, 004972 50
7 1429 1443 1457 20820. 63.02 16.87 4982 2007. | .007905
B 272 1285 L1298 16510. 49.98 20.01 6282 1592, 01257 35
] 133 J144 «1158 13090. 39.63 25,23 J921 1262, 01999
10 1009 1019 1028 10380. 31.43 31.82 9989 1001. 03178 25
n 08983 L9074 09165 8234, 24.92 40,12 1.260 794, N
12 08000 08081 08162 £530. 19.77 50.59 1.588 620.6 | .0B035 20
13 07124 07196 07268 5178, 15.68 63.80 2.003 4958.3 | 1278
14 06344 06408 06472 4107. 12.43 B0.44 2.525 396.0 | .2032 15
15 03650 05707 05764 3257. 9.858 101.4 1184 314.0 | .3230
16 05031 05082 .05133 2583, 7.818 | 1279 4.016 249.0 | 5136 &
17 04481 4526 04571 2048, 6200 | 161.3 5,064 197.5 | .B167
18 03990 04030 04070 1624, 4.7 203.4 5.385 156.5 |1.299 3
19 03553 03589 03625 1288, 3.899 256.5 8.051 124.2 |2.065
20 03164 L3196 .03228 1022, 3.092 323.4 10.15 98.5 |3.283
a 02818 02846 .02874 | 8104 2.452 407.8 12.80 | 78.11 5.221
2 02510 02535 .02560 B42.4 1.945 514,2 16.14 61.95 8.301
23 -02234 02257 02280 500.5 1.042 648.4 20.36 49.13 13.20
24 01990 02010 02030 404.0 1.223 B17.7 25.67 38.96 20,99
25 770 01790 01810 | 3204 5699 1031. 3237 | 30.90 33.37
2% 01578 01594 01610 | 254.1 7652 1300. 40.81 | 24.50 53,06
b1 01406 01420 01434 201.5 6100 1639, 51.47 13.43 B4.37
8 01251 01264 .mar7 159.8 4837 2067. 64.90 16.41 134.2
23 01115 01126 01137 | 1267 3836 2607. 81.83 | 12.22 3.3
30 00993 01003 01013 | 100.5 3042 3287. 103.2 9.691 339.2
n 008828 | .008928 | .000028 | 79.7 2413 4145, 130.1 7.685 530.3
12 007850 007950 .DOBOS0 63,21 J913 5227, 164.1 6,095 B57.6
i3 006980 07080 007180 50.13 1817 6591. 206.9 4,833 1364.
34 006205 | 006305 | 006405 | 39.75 1203 8310. 260.9 3.833 2168.
35 005515 005615 005715 31.52 09542 10480, 329.0 3.040 3448.
k1 004900 | 005000 | .005100 | 25.00 07568 | 13210. 414.8 2411 5482,
37 004353 004463 004553 19.83 G001 16660, 8234 1.912 B717.
is 003865 03965 004065 16.72 04759 21010, 659.6 1.516 13860.
39 003431 003331 003631 1247 03774 26500. #31.8 1.202 22040.
40 003045 003145 003245 9.888 02093 33410. 10489, 0.9534 | 35040.
n 00270 00280 00290 7.8400 02373 | 42140, 1323, 7559 | 55750.
42 00239 -00249 00259 8.2001 BT 53270. 1673. 3977 | 89120.
43 00212 B rrd 00232 4.9284 01492 §7020. 2104. 4753 |141000.
44 00187 00197 L0207 3.8809 01175 85100. 2672, 3743 |227380.
45 00166 00176 00186 3.0976 00838 | 106600. 3348. 2987 |356890.
46 00147 00157 00167 2.4649 00746 | 134040, 4207. \2377 (563900,

*Note: Values from National Electrical Coda.
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Single-Layer Wound Coil Chart

N o As o K D

- 109
E 8 —_‘ =5
— 400 4 = 1
L E — 20,000 S
[ : | i "
[-300 : 10,000
- 2 - 3 - b
| - - 6,000
| — -4000 .- A
i 200 E [ 3,000 N&'K,_.-“"-—‘ K
=3 - 2,000 T 2~
|'— |50 = - ‘.—_._-'
! F__.-f1000 i
i S e 600,
<150 F 4 T S
- 90 = - 300 Lan i ,
80 E - 200 i | B
—70 = =
60 o — 100 =
F 5 - 80 8 -
50 = - €0 .
E — 6 - 40 - 1.5
— 40 - _—30
S = [ 20 6
30 g i :
E u F10° N = Total no. of turns 5 -
: - C® | = Inductance uhs
E 20 : 7 g . . DIAMETER B
E ':‘5 & K = Ratio of TeneTi 0
i3 s - D = Diameter (inches)
a [ __-l.BO
" == = K
1o : 8 ok 4
2 & — 4
5 - .3
E 10 .2
. S [ .
g é ’ =5

il
Courtesy, P. R. Mallorv & Co., I'nc.
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Single-Layer Wound Coil Chart

The chart on the opposite page provides
4 convenlert means of determining the un-
kuown factors of small sized single-layer
wound r-f coils. Values thus found =o elosely
approximate those determined by measure-
ment or mathematical ealeulation as to be
entively satisfactory for all practical pur-
poses of experimentation, design, and re-
puir work, Since in all eoils of Lhis Lype, the
difference between the mean and inner di-
ameter of the winding is so slight as to he
negligible, D in all instances may be either
the mean or inner diameter as desired,

Example: Given fhe fotal number of

turns, winding lenglh and diameter of a
eoil,— to find the inductance;

1. Plage a strajghtedge on the chart so as
to form a line inlersecting Lhe number
of turns N, and the ratio of dinmeter
to length K, and note the point inter-
seeted un the linear axis column,

2, Now moave the straightedge so as to
form a second hine which will intersect
this same point on the axis column,
and the diameter D,

3. The point where this line intersects
the L eolumn indicates the inductance
of the eoil in mierohenries.

Example: Given the diameter, winding
length and induectance in mierohenries,— to
find the number of turns;

1. Simply reverse the process outlined
above for determining inductance.

2. After finding the number of turns, con-
=ult the wire table on page 26 and de-
termine the size of wire to be used.

The dotted lines appearing on the chart
illustrate the correet plotting of a 600-mi-
crohenry ¢oil consisting of 100 turns of wire,
wound to 51/64" on a form 2" in diameter.

Inductance, Capacitance, Reactance Charts

The direct-reading charts appearing on
the following three pages are designed for
determining unknown values of frequency,
inductance, capacitance and reactance com-
ponents operating in a-f and r-f cireuits.

The simplifications embodied in these
charts make them extremely useful. The
frequency range covered compriges the fre-
gquency spectrum from 1 eyele per second
up to 1000 megacycles per second. All of
the scales mvolved are plotted in actual
magnitiudes so that no computations are re-
quired to determine the location of the dee-
imal point in the final result.

To make these conditions possible the
frecuency spectrum has been divided into
three parts:

Chart I (page 30 —Covers the range from

I exele to 1000 cycles.

Chart II (puge 31)—Trom 1 kiloeyele to

1000 kiloeyeles.

Chart III (page 32)—From 1 megacyele to

1000 megacyeles.

Inductance, eapacitance, renctance and
frequency have been plotted so that the re-
actanee offered by an inductance or capac-
itunce ot any frequency may be readily de-
termined by plaging o straight-edge across
the chart connecting the known quantities.

2¢

bince X = X at resonance in most radio
aircutts, the charts may also be used to find
the resonant frequency of any combination
of Land (.

Toillustrate with a rimple example, sup-
pose the reactance of a 0.01 uf. capacitor
is desired at a frequeney of 400 cveles. Place
a straight-edge across the proper chart so as
to connect the points 0.01 pf. and 400
eyeles per see. The quantity desired is the
point of intersection with the renctance
seale which is 40,000 ohms. The struiglht-
edge also intersects the inductance seale at
15.8 henrys indieating that this value of
inductance likewise has a reactance of 40,-
000 ohms at 400 eyeles per see, and further-
more, that these values of L and (" produce
resonance at this frequency.

There are many practical uses for these
charts. The radio experimentor, mainten-
ance man and engineer will find them
helpful in the rapid solution of many re-
actance problems. Unusual care was exer-
cised in laying out the various secales in
order to secure a high degree of accuracy
for the charts. Results should be obtainable
which are at least ag accurate as might be
secured with a ten-ineh slide rule.
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How to Use Logarithms

Logarithms are used to simplify numerical
computations invelving multiplieations, di-
vision, powers and roots. With logarithms,
multiplication is reduced to simple addition,
and division is reduced to simple subtrac-
tion. Raising to a power is reduced to a
single multiplication, and extracting a root
is reduced to a single division.

The common logarithm of any number is
the power to which 10 must be raised in
order to equal that number.

Therefore, since

1000 = 10°

100 = 107

10 = 100

1 =1¢°

0.1 = 10

0.01 = 10

0.001 = 10~

00001 = 10

it i= true that

log 1000 = 3
log 100 = 2
log 10 =1
lng 1 =10

log 01 = —1

log  0.01 = —2

log 0,001 = —3

log 0.0001 = —4

The common system of logarithms has
for its bage the number 10, dnd is written
logye or more commonly log, since the base
10 is always implied unless some other hase
is specifieally indicated. There are formulas
however which use the natural system of
logarithms. This system has for its bage the
number 2718 . . . which is represented by
the Greek letter e and is always writlen
log e

A table of natural loparithins has not
been .included in this handbook however,
sinee the commeoen log of a number s ap-
proximately equal to 2.3026 times the natu-
ral Iog of the same number. Conversely, the
natural log of a number iz approximately
equal to 0.4343 fimes the common log of the
same number.

In observing the [ollowing exponential
and logarithmie relationships,

33

Exponentiol Form Logarithmic Form

100 = I{? log 100 = 2,000
15 =100 Jog 15 = L1176
1t =={()F log 10 = 1.000
7 = 10" Jog 7 = 0.845
1 =10 log 1 = 0.000
01 =P log 01 = —1.000
07 =10 Jog 0.7 = —1.845
0.15 = 10-*17 Jog  (L15 = —2.176
0001 = 107" log 0001 = —=3.000

it will be seen that only the direct powers
of 10 have whole numbers for logarithms;
also that the logarithms of all numbers
lving between a power of 10, consist of u
whole number and a decimal. The whole
nuinber is called the eharaeteristie, and the
decimal, the mantissa. Sinee the character-
istic gorves only tu fix the locution of the
decimal point in the expression mdieated
by the log, it cun be [ound by inspection
and s not included in the log table. The
following will be helpinl:

1. The echaractenstic of any mumber
preater than 1 is alwayvs positive and
iz equutl to one less than the nmunber
of digits to the left of the decimal.

2. The characteristic of anv number legs
than 1 is always negative and is equal
to one plus the number of zeros to the
tecimal.

3. The characteristic of any number
may be determined by exprescing the
number as a power of 10 and using
this power as the chavacteristic ol the
logarithm for that number.

Sinee only the characteristic of a loga-
rithin iz ever negative, the mantissa always
being a positive number, it is customary to
wrile « log conlaining a negative charae-
teristic as follows;

log 0.7 = 1.845,

or, by adding 410 to the characteristic nnd,
in order to maintain equality, — 10 at the
right of the characteristie,

log 0.7 = 9845 — 10
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Examples:
150 15 ¥ HE 2
15 1.5 X 10 l
1.5 Ly X 10 0
0.15 L5 ¥ 107 —1lor9 —10
0.015 15 —Zor8 — 10
0.0015 1.5 x 10* —Jor7 — 10
Therefore, to find the logarithm of any
number:

1. Write the number as o power of 10,
and put down the resulting exponent
of 10 as the characteristic.

2. Determine the mantissa from the log
tables on page 56, and write this as
a decimal figure following the char-
acteristie,

3. If the resulting logarithm has a nega-
tive characteristic, change this to the
positive form.

Example: Find the logarithm of .00623:
Bince .00623 = 6.23 x 10, the char-
acteristic is —3. The mantissa as
shown by the log table is 7945, The
resultant logarithm 3.7945 or
when written in its positive form,
79945 — 0.

To find the log of any number having more

than three siznificant figures (by interpola-

fion):

1. Determine the characteristic,

2, Find the mantissa corresponding to
the first three significant figures.

3. Find the next higher mantissa and
take the tabular difference.

4. Find the product of the tabular dif-
ference and the digit following the
first three signifieant figures of the
given number written as a decimal.

5. Add this produet to the lesser man-
ISECEN

Example: Find the logarithm of 54.65.
Sinee 54.65 = 5465 x 10, the char-
acteristic is 1.

Next higher mantissa = 7380
Next lower mantissa = 7372
Tabular difference = 0008
WNewid
Product 00040

Plus lesser manfissa 7372
Mantissa of 5465 .7376

o log B4h = 1.7370

34

Although a four-place log table is used here,
for purposes where aceuracy to 3 significant
figures is required, generally, a three place
tuble is sufficiently aceurate for all practical
purposes. Sinee the mantissa of a logarithm
represents only the significant figures of any
number, the same mantissa is used for .04,
4, 400, ete., the decimal point being fixed
later by the characteristic. Therefore any
number consisting of 1 or 2 significant fig-
ures may be found in the column marked
N, and its mantissa will be found on the
same line in this column headed hy 0. For
any number containing 3 significant figures,
loeate the first two figures in the N eolumn,
and the third figure in the eolumn headed
by the corresponding digit. The mantissa
will be found in this column, on a line even
with the first two digits.

Iixample:
log 21 = 1.3222
log 2.1 = 0.3222
log 210 = 2.3222
log .0021 = 7.3222 — 10
log 213 = 2.3284
log .0213 = 9.3284 — 10
log 3= 04771
log 300 = 24771
log 003 = 74771 — 10

The number corresponding to a given
logarithm is called the antilogarithm, and
15 written ‘fantilog”. INxample: Since log
of 692 = 2.8401, the antilog of 2.8401 = 692,

Finding the antilog of a number is the
reverse of finding the logarithm. First
locate the mantizsa in the log table, and
determine its corresponding number. Now,
place the decimal as indicated by the char-
acteristic.

Ezample: To find the antilog of 3.9138,
look up 9138 in the log table. Its corre-
sponding number is 82, or expressed as a
power of 10, equals 8.2. A characteristic of
3 means that 8.2 must be multiplied by 10%.
Therefore, antilog 3.9138 = 8.2 X 10° =
5200.

Similarly

Antilog 59138 = 8.2 ¥ 10° = 82,0000

Antilog 0.9138 = 8.2 x 10" = 8.2

Antilog 7.9138 — 10 = 8.2 X 10-* = (L0082

Antilog 9.9138 — 10 = 8.2 3¢ 10! = 082
To find the antilogarithm of a logarithm
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whose mantissa is not exactly given in the

table,

1. Find the tabular difference between

the next highest and next lowest man-

tissas.

. Divide this by the difference between
the given mantisss and the next low-
est mantissa.

3. Add the resulting quotient to the
significant figures expressed by the
next lower mantissa.

4. Place the decimal as indicated by the
given characteristie,

Example: Find the antilog of 1.7376

Next higher mantissa 7380
Next lower mantissa .7372

Tabular difference .0008

(riven mantissa 7376
Next lower mantissa .7372

Tabular difference 0004

L0004
0008
The resultant figure therefore i1s .5 larger
than the significant figures expressed by the
lesser mantissa 7372 or 346. The sequence
of figures therefore is 540.5

-, the antilog of 1.7376 = H4.65

Nore: When interpolating as shown
above, o not exceed four significant hgures
in your answer since interpolated results
from u four-place table are not accurate
beyond this point.

Logarithms are added or subtracted like
arithmetical numbers, provided they are
written with positive characteristics. If the
characteristie in the total is greater than 9,
and the notation —10, —20, —30, ete.,
appears after the mantissa, subtraet a mul-
tiple of 10 from the posilive part and add
the same multiple of 10 to the neguative
part, 2o ag to make the resultant eharactor-
islic less than 10.

EXAMPLES:
Addition of logarithms

2]

Cuotient of

= .3

2,764 6G.326 — 10 6328 — 10
-l.:i(!:q} 1284 7.704 — 10
7.068 12,610 — 10 9.104 — 10
or 23.196 — 30

2.610 or

3196 — 10
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Subtraction of logarithms
4107 _ 14.107 — 10
6.956] 6086

7121 — 10
11.672 — 10
5.785 — 10
9887

The relationships of logarithmic opera-
tions are expressed by the following formu-
las:

log (a X ) = log a + log &

log (%) = loga —logh
log (a)®b = hlogu
log A/a = ]ﬂ%ﬂ—
EXAMPLES
To Multiply  1.24 by 246
log of 1.24 = 0.0934
log of 246 = :’iﬁﬂ‘_l
Total 24843

The antilog of 2.4844 = 305, which is ax
accurate as can be determined with a four-
place table, The full answer to this proh-
lem is 305.04.
To Divide 961 by 224
log of 961 = 29827
log of 224 = 23502
Differenee 0.6325
The antilog of 0.6325 = 4.29 which is as
acceurate as can be determined with a four-
place table. The product of 224 and +4.29
15 960.96.
Powers: Find 12* by logarithms:
log of 12 = 1.0792
X 2
2.1554
The antilog of 2.1584 = 144,
Roots Find /343
o of 343 = 2.5353 = 3 A451
The antilog of 8451 = 7.
Logarithms of Negative Numbers. De-
cause the logarithms of negative numbers
are inaginary i character, they eannot be
used in computation as with positive num-
bers. However, since the numerieal results
of multiplying, dividing, ete., are not
affected by the signs, vou can determine the
wumerical results by logarithms and later
affix the fnal 4 or — signs by imspection.
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In any right triangle, if we let

Trigonometric Relationships

L]
f = the acute angle formed by the hypot- H
ennse and the base leg, o)
@ = the acute angle formed by the hypot-
enuse and the altitude leg, 8 A
I = the hypotenuse, A5, ..
A = the side adjacent § and opposite ¢, sinf = cosg csofl = scog
() = the side opposite f and adjacent ¢, vos B = sing see ) = cseg
) G tanf = cot¢ cot #f = tang
then sineof § = sin 8 = 2
i
and 1
cosine of @ = cos 8 = ?I e csef por el
]
tangent of 8 = tand = 1 I sec @ ! = GBEE
i cost sec fl
cot 8 ] tanf
: = cot —— = tan
cosecant of @ = cse ( = g and eot §
A GR = EE § = 1;’ Tlhi-: _tixp‘ru:s:jiun_“’z:.rc sinl'i;{?clifu.:.tes, "‘t.hc
4 angle whose sine 18”7 . . .; hkewise are tan
wotangent off = cot @ A indieates, “the angle whose tangent is” . . .
cotangent of 0 = cot 8 = 5 ete.  Pee furmulas in table helow.
Knewn Formulas for Determining Unknewn Values of . ..
Values A i o | H 8 ¢
—— = | — ==
| — () A
A&O .[ ' \;’;Aﬂ 4+ OF are tan —_; are tan ;)
s
A& "‘_’_ | 3 HY = A% I are cos o are sin i
- e = |
A&t A tan # —— 90" — @
| (I wos f _
Alo 4 # 90° — &
- - ] ___i-an ¢ S111 @ &
o ; .0 (}
O&H VA= 0" are sin — are 6os 4
0 7] ] =
O&¢ uo* —
tan @ | sin # B v
[
0&¢ 0 tan ¢ ' 0 ; 0° — ¢
cos ¢ L _
H&&d Hvos 8 H sin 4 90° — ¢
H&q¢ H sin ¢ H cos ¢ 30° — ¢
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Metric Relationships

ol & )
@(& 2 & X 8
;ﬁ‘ = o O] S
'9‘6&0 °¢& e A & W~ & W J o~ o & _t?j-‘\\\ &
Cnd 2 & i o s e Gy +
6“\‘9‘\ “(p\ s:ot'ﬁ& t’-‘p\!é v“’c.b & 066 h's‘ ‘b@ 'cp&' e°§ fb o‘\.\f o i d“*& ob\‘p‘ w‘\y\ @¢S 6‘::‘\1‘0
& & I @ 8 o s
AR I A N A A A M A N
I Iy v e I B A O LR B
f & R S ) L
¥ ¥ & & & f&
¥ S & &

The above chart shows the relation be-
tween the American and the metric systems
of notation,

This chart also serves to quickly locate
the decimal point in the conversion from
one metrie expression to another,
Example: Convert 5.0 milliwatts to watts.
Place the finger on milli and count the num-
ber of steps from there to units (sinee the

term watt is a basie unit), The number of
steps so eounted is three, and the direction
was to the left. Therefore, 5.0 milliwatts is
the equivalent of .005 watts,

Example: Convert (LM035 microfarads to
micromicrofarads, Here the number of steps
counted will be six to the right. Therefore
0.00035 microfarads 15 the equivalent of
350 micromicrofarads.

Metric Conversion Table

ORIGINAL DESIRED VALUE

VALUE Mega Kilo Units | Deci Centi milli Micra | Micromicro
Mega 3 6 7 8+ 99 | 12| 18> |
Kilo + 3 3 4 53 6 95| 16»
Units «6 | «3 15 2y 3 6 | 129
Deci «7 | «4 | <1 1 2 B> | 11
Centi =8 | =8 | =2 | «+1 T 4> | 10>
Milli <9 <6 <3 2 1 3> 9
Micro <12 < 9 6 < 5 <+ 4 <3 6 »
Micromicro +18 <15 i +12 <11 <10 <+ 9 < 6

The above metric conversion table pro-
vides u fast and autematic means of con-
version from one metrie notation to another.
The notation “Unit” represents the basie
urits o measurement, sach as amperes,
volts, ohms, watts, cyeles, meters, grams,
ete. To use the table, first locute the origi-
nal or given value in the lefr-hand column.
Now follow thig line horizontally to the
vertical column headed by the prefix of
the desired value, The figure and arrow
at this point indicates number of places
and direction decimal point iz to be moved.
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Example: Convert 0.15 ampere to milli-
amperes. Starting at the “Units” box in
the left-hand column (sinee anipere is a
basic unit of measurement), move horizon-
tally to the ¢olumn headed by the prefix
“Milli", and read 3. Thus (.15 ampere js
the equivalent of 150 milliamperes.

Example: Convert 50,000 kilocyeles to
megacycles. Read in the box hornizontal to
“Kilo"" and under “Mega’’, the notation
<3, which means a shift of the decimal
three places to the left. Thus 50,000 kilo-
cyeles is the equivalent of 50 megaeyeles.
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Pilot Lamp Data

I*_ % A .
& A a
Maximum [" I -
Size .
See Chart below B ¢ & c » %
for dimansions l . ! l
L1 | e
A 134,* 194" Her Wt [ %
B 134, 3y ner 14* 14" w
c 1% 134 154 154, 1" TR
Bulb No, T-3l4 T-3% G-1% G-34 G-4% G5
Base Scraw Baynnat Scraw Bayonet Bayonet Bayonat
[Miniatura) (Miniatura) {Miniature) {(Miniatura) (Miniature) (Miniatura)
Small Small Large Larpe
Quib Type Tubular Tubular Round Round Round Round
40 43
41 44
Lamp 42 45 50 51 55 1458
Numbers 46 47
48 49
1490
RATING
Lamp Bead Base Bulb T —— Used lor
No. Gaolor {Miniatura) Type Volts | Amps.
a0 Brown Screw T-3% 6-8 018 Dials
41 White Scrow T-3% 2.5 0.5 Dials
42 Gresn Screw T-3% 32 t Dials
43 White Bayonet T=3% 25 0.5 Dials and Tuning Metars
44 Blue Bayonat T-3% 6-8 0.25 Dials and Tuning Metears
45 | ¥ Bayonat T-3% 3.2 b Dials
464 Blue Serew T-3% 6-8 0.25 Diais and Tuniny Meters
47 Brown Bayonet T-3% -9 0% Dhals
48 Pink Screw T-3% 2.0 0.06 Battery Set Dials
49 Pink Bayonat T-3% 2.0 0.06 Battery Set Duals
50 White Serew G-3 6-8 0.2 Auto-Radio Dials; Flashlights
51+ White Bayonet G-3% 68 | 02 Auto-Radio Dials; Panel Boards
55 Whita Bayonet G-4 4 &-8 0.4 Auto-Radio Dials; Parking Lights
1458 Bayonat G-5 20.0 0.28 Dials
1450 Bayonat T-3% 32 015 Diais

* White in G.E. and Sylvania; Green in National Union Raytheon and Tung-Sal.
4 0.35in G.E. and Sylvania; 0.5 in Natiomal Union Raytheon and Tung-Sol.
* Have frostad hulb.
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Directly Interchangeable Tubes

Tube Replace Tube Replace Tube Replace
Number with Number with MNumber with
01A 40 1LNS 1LC5 5AZ4
0A2 082 1P5 504
0A3 VRT5 ING 105 5v4
0A4 1267 INS R 5W4
0B3 VRI0 1P5 3 105 ls‘ra
0C3 VRI05 195 1€5 524
003 VRS0 1S6 LT6
0Y4 0Y46 1L4 5AX4
CK1005 T4 3 1U4 23:
0z8 1003 1AS
lozan 115 % 1G4 S 5WA
184 176 156 5Y3
524
1A4 s 104 } ﬁ:
imp v 623 g:;:
14T 1ACS
1A5 164 L %ws - 5va
1A7 107 W5 1v5 o
1ACS V5 203 15 o0
1AD5 W5 287 2878 =
|\ 144 2B7S 287
184 32 125N7 SAXA
?34 2052 3128)(? 5AZ4
168 108 2E5 265 sl 5T4
}55 185 2E30 5812 5v4
ng iEg 2631 232 ?5\‘-’4
108 188 2632 2631 574
164 164 2635 2636 i
165 105 2E36 2E35 s&AZd
1£8 168 2E41 2E42 54 5T4
(1E4 2E42 2E41 ?5114
e 1114 265 265 EWa
1G5 15 2621 2627
144 i A0 2622 2621 5AX4
IE4 i sAZ4
s 165 B 3 - 574
T4 504
1L4 31u¢ B 1291 5V
LLAS 1LB4 105 3;32 574
LLAG 1LC6 Q
ILB4 1LA4 SLE4 3LF4 \5z3
1L65 304 334 5X3 80
1LCS { 1LNS - 3335 (gg
LLC6 1LA6 305
1LG5 1LC5 154 304 5X4 5Y4
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Directly Interchangeable Tubes—(Coniinued)

Tube Replece Tube Replace Tube Replace
Number with Number with Mumber with
5AX4 BAJS 6AKS ; J 606
SAZY 6AJ7 6AR7 06 77
574 6ACT (606
5Y3 5U4 BAKS bAl5 68 177
5V4 GAKT 6AGT 607 6E7
5WA BALS 5726 6T
524 6AV6 6E5 ’ s
5Y4 5%4 6BF6 6E7 607
55;{3 BATE 6BKS §F4 6L4
523 oBT5 6F7 6F7S
83 \6BUS Q 6E5
5AX4 6AGS 565 675
cAZ4 6AUG 6BAG )ﬁus
514 960y 5
524 504 st o oy
BAVS 3 ;
5V 6B0D5 ’g:gg
5Wa BAVG gf}:ﬁ 605 i
5\’3 BAXA % ] 6C5
6A
1233, 6K7
BAS GJB ggg ;:'37 617 .
6ACT
BAS
a7} 5A1T s 518 ; e
| 6846 6AGS K4 6AD4
6ACT % 6BCS 5 f617
6A)T §CRE K7 j'ﬁU?
e 6BCS 6AUG 618
6ADS BAFS ? 6CBE6 6L4 6F4
6C3 6BEG 5915 bL6 1614
bJ5 6BF6 6BUG 6L7 1612
E:E? 6BHE 6BJ6 BAES
GRIG 6BHG 5P5 BAF5
6AES
] 6C5 6AT6 lacs
6J5 6AVE 8l5
665 6RKE { 6BF6 Q7 686, 6R7
805 6BT6 3 BQ7
SA7R BADS 6BUS BR7 6v7
BAES ABTE GRKSE 6SA? BSBTY
6AFG $AD6 6BUG fBF6 657 6W7
6BCS 604 3002 6SBTY 6SA7
5BAG '6ADS ‘ssn
6AGS 6BD6 HAES - V6s17
}acas 6C3 | 6AFS 6307 }BSK?
6AUG 605 5693
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Directly Inferchangeable Tubes—(Continued)

Tube Replace Tube Replace Tube Replace
Number with Numbaer with Number with
6307 TAHT 7467 12AY7 128X7
6SE7 6517 7817 7 12827 128V7
6SK7 7B4 7A4 1287 147
5613 786 76 12AU6
BSF7 65V7 am 128A8 ; 12806
\6s67 8 TAH? - 12406
6SH? 4‘22:(7? e im 12BD6 12BAG
_ 787 12BF6 12BU6
BSJ7 6SK7, 5693 - 787 S
6567 TES 1201 128V6
BSK7 %ssm I8 388 12BK6 12876
65J7 7E7 TR7 128U6
o8l7 3??;'1? 5602 I o el
' 767 Wi I
5692 A7 1 128K6
BSN7
5591 TH? w7 12BUG
6507 6SR7 "y 788 128U6 128F6
BSR7 65Q7 A7 1217 12K7
6ST7 6517 I im 12K7 1217
6SU7 GSL7 12K8 12A8
6SV7 65F7 TRT e - 1644
788
6527 8517 787 im 125A7 128Y7
BES
675 iaus 7 AT, THT, TV7 L : E;‘L?
_ iﬁwﬁ« ;;.: ;Fs LRl 12867 31251?
6AX5 o o {125K7
BES 12567
BU5 10¥ 10
6TS
o S 12SH7 125J7
6U7 6K7 ?123&?
5v7 BRY 1248 1458 12567
6U4 12AT6 %mva 12817 {12847
64 isnxa 12BK6 {12567
W7 657 12AT7 1ZAUT {12567
6X8 68 —_— JLZBN& 12SK7 < 125K7
3 v 12BD6 {izs17
625 6Y5 12407 12AT7 125N7 125%7
TA4 784 ‘12AT6 12507 125R7
i3 { THT 12BK6 128R7 12507
v ILwe 12876 1257 125R7
TABT 1204 12BUS 128%7 125N7
TAFT iF7 12AV7 12821 128Y7 12847
TAGT TAH7 128%7 124Y7 1447 1287

41



ALLIED'S

ELECTRONICS

DATA

HANDEBOOK

Directly Interchangeable Tubes—(Continved)

Tube Replace Tube Replace Tube Replace
Number with Number with Number with
14AFT 14F7 40 01A 1232 767
1486 14E6 4l 2 1267 0A4
1417 4 685 1273 A7
1488 i
1487 ‘;Z fl’-;ﬁ 1274 6X5
1287
5X3
ne ; 1284 50A6 5026 1275 jsc
1466 14B6 50C6 50L6 83
14E7 14R7 30Y7 soz7 1280 14H7
o B 5026 50AX6 1284 187
5027 50Y7 a1 —
187 ; ﬁi; 5 acoma 1294 1R4
(148 o e 1296 306
1488 56 27
wz 11487 1612 6L7
57 58 L
14R7 14E7 76 37 1614 6LE
148y % 1417 71 6Ch 1620 617
1488 78 €06 1634 125C7
287 (83
w7 % :AM 80 { = 1644 1208
i 5 5517 CK1003
19¢8 1978
9001, 5591
1978 19C8 g ; i 39K i 9003
2586 % : 5501 5590
25A6 Y2506 : 923, 80
"L 6 85 75 5608-A 53
5824 11717 1M7 st isms
w5k T 117N7 117P7 BAKS
2585 3 930 1F4 5672 5678
954 856 5678 5672
255 1B5
955 5731 5N
255 2575 956 954 5691 {5592
26BK6 26C6 0v4
CK1005 {uzm 5601
26C6 26BK6 5692 BSN7
3 i CKI013 5517
1201 JES 5693 6347
” i i 1203 7cH - 35&15
1204 7AB7 ) BAKS
20 25A1 1206 768 5731 915
” ; 1A4 1221 6C6 2546
184 1223 &7 2586
3% 39 1229 1A4 5824 25C6
37 76 1230 30 -25L6
39 36 1231 N 5915 BBEE
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Directly Interchangeable TV Picture Tubes

Tube Replace Tube Replace Tube Replace
Number with Number with Number with
NP4 TWP4 12vPa 12VP4A 16JP4 16P4A
TWP4 NP4 14BPY 14BP1A 16/P4 16HP4
16JP4A 16HPAA
8AP4 SAP4A 14BP4 14CP4
4BP4A  14EP4
sApeA oaps 16KP4 16KP4A
14CP4 14BP4
16KP4 16RP4
P4
128 HiBkeA }:E::A 16KP4A  16TP4
10BP4 10FP4
10BP4A  10FP4A 14EP4 14BP4 16LP4 16LP4A
14BP4A
10EP4 100P4 16LP4 162p4
14CP4 16LP4A
10FP4 10FPAA i 1iEpie o —
14BP1A®
10MP4 10MP4A .
14CP4 16MP4 16HP4
10MP4A 10MP4 14EP4® 16MP4A L6HPAA
12KP4 12KP4A 15CP4 16CP4 16QP4 16%P4
12LP4 12LP3A L6AP4 16AP4A 16RP4 16KP4
16KP4A
12LP8 12Kp4+ 1P, 10ARA 16TP4
12LP4A 12KP4A® 16CP4 15CP4
12vP4 165P4 16SP4A
12VP4A 16DP4 16DP4A
127P4 16SP4A  16SP4
16DP4 16HP4®
12QP4 12QP4A 16DP4A 16HP4A® 165P4 16WP4A
16Jp4® 16SP4A
12QP4 12 P4+ 16JP4A®
12QP4A  1ZRP4 16MP4® 16UP4 16KP4®
16MPaA® 16KPaA®
12RP4 121Pg* 16RP4®
12QP4 16EP4 16EPAA 16TP4®
12QP4A 16EP4B
16VP4 16Ypie®
12TP4 12Kpa® 16GP4 16GP4A
12KPaAe* 16GP4B 16WPL 165P4®
12RP4* 165P4A®
12vpP4e 16HP4 16HP4A 16WPdA®
12VPaA®
16HP4 161P4 16WPLA  16SP4
12UP4 12UP4A 16HP4A  16IP4A | 16SP4A

®Connect external connector to chassis.

*Remove ion trap.
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Directly Interchangeable TV Picture Tubes (Confinued)

Tube Raplace ] Tube Replace Tube Replace
Number with Number with Number with
16XP4 160P4 17QP4 17UP4 20GF4 200P4
162P4 16LF4 17RP4 17HP4 20HP4 20HP4B
16LP4A 17HPAA
17KP4 20HP4 Z0HPIA®
17AP4 178P4A 20HPAB  20iP4e
17BP4R | L7UP4 17QP4 20LP4®
17BPAC
171P4 | LIVRd :;tE:A JEPAA  21EPIB
17BP4 17AP4® 175P4 21FPA 21FP4AS
173"4*“: 19AP4 L3APAA giiii -
oL
19AP4G 21FP4A 21KP4A
17)pas 194P4D
L ]
17BP4A 17BP4B 19DP4 19DP4A s AN
17BPAC 21wPd 20CP4A
19DP4A 130P4 20DPIA
178P4A 178P4
178P4B 171P4 19EP4 13JP4 212p4 71ZP4A®
et 1oFP e 20P4  2)APIA
176P4 17GP4A ORAS s et
17CP4A  17GP4 trs BLea
_ 24AP4 24APAA
17FP4 | 7FP4A A igg';ig 28AP4B
ITFP4A 17FP4 iﬂﬁﬁiﬂ. 2AAPAB 24AP4
24AP4A
17HPa 17HP4A e e _— s
17HPaA 17HP4 Z0DPaA 27NPA
— _— | so0cPic  200Pa ZIRES
I7HPAA  17RP4 '_ ;gg';‘:‘" 276P4 2TEP4
27Npe
171P4 17AP4 . 27RP4®
TYRBH 200P4C 20DP4A
L/BP4B 20DPA 20CPY ZTNPA 2TERPY
178P4C JHCP4C 27GP4
20CP4A® 2TRP4
I7LP4 17LP4A | H0P4A®
- 27RP4 2TEPA
17LP4 175P4 20FPA 2GPLe 77GP4
17LP4A 17vP4 20IP4 2TNP4

*® Connect external connector to chassis.
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Interchangeable Batferies

N $ | . | 2 $
- 1=

; E 3 c:'t. < 5 E- 2 ri | <

a ia z o A a a4 z s | B
1 95635 | 14 | ILP V3035 | Bs 13 g | psol VS129
10308% | Wi63F | 716 | 8300 | v5i127 | Ba3o 494 07 | P5303 | VSO12
120 g35 HoLP | cs 717 9 P751 VS065
176060 | 759 03 | asgz | vz | o2 726 19 | 47apx | vsop2
2 550 awp V5036 | F2BP w3sz | a1 | 3928 VSL00
oF Wa3s3 i | meex | vsil | F3 736 3 PIA | Vs067
2F4 718 1| 6%ap vS010 | FAASD | W38 | 411 | AB3ZT
PFAL | 747 16 | 6esPL | vsSoll | FaM 409 oos | o4l VS040C
20 720 18 | 122p V5063 | FaPI 744 § PE34A | \VSDO9
2FBP | W3 0 | 1928 vsiol | Femst | 753 401 | AB3% | vSO19
2R 950 3 |ap VS03F | FeAGOP | 757 06 | ABOOS | vsDsE
2TXXAD | W370 12 & 746 7 PRIA | VSO02
20F 740 79 | pozos  vsoes | Gea42 | w37 | 408 | AB-794 | ys0ie
ke | X 120 | paac3 vsozs | Gemeo | 752 a0 | AB-995 | VSO47
21R a4 0 |8 ve23s | aemen | 75 402 | AB-873 | V018
210 1050 3P K45 457 203 | NSwas | vs0s2
21308% | W364F | 715 |5830c | vSI57 | m30 482 002 | P7830 | vso13
2156 766T 12 | msc | vsizz | N 910 | 716 VS073
220 850 210LP NG5O 490 204 | 4390 V5090
2308% | W365F | 723 | 52300 Vsiz6 | P45 477 21P | Nwas | vs2is
23708T | 761T 72 | 4238 vs130 | pesm 21IM | 946 VS216-15
2370P1 | 711 78 | paaw | vsoa | peo 479
aF 742 4| 1eap vS004 | Sé6t M6t | so7 | eal V8039
4FH 735 300 | 1948 vS106 | sspeo | 776 415 | AB32G | VS1I9
aFL 12 poaL vs00s | Ts W0 | 10 | 7CD5F
aF2H | W35 90 | 398C vsizs | rszsa | 1% 403 | AB775 | VSO50
AFAH | 706 902 | 302 vsio3 | Teze0 | 756 A05 | ABBOT | vS05IW
aF5H | 715 903 | 503 | VSI39 |TezeoP | 756P | 428 V5059
AFEH | 716 904 | o04 VSi40 | o a1 208 | s10p V5083
4GAM2 | W3B6 07 | ABo4 | vs0s3 | uis 1 215 | 215 V5084
4SD60 | 758 414 | ABSS vsoat  |utser | at 915
4TI60 | 779 425 | AB333 | vso64 | uee 413 210 | 520p V5085
4156 763 710 | 2158 | vs102 | ueoo 193 722 | 5200 V5093
422 750 704 | 342 vsla | u3e t15 213 | 530CUH | vS086
432 751 705 | 443 vs142 | waort 59917
51565C | 778 708 | 25156 vsial [ waops | 733 | N3P
E156PI | 768 21 | 2515P VS03L | XX16 1759 | PAIS
5308 Wazh 700 | 55308 vsHz | xxez 433P PN22
532 703 706 | 453 vsi33 | xxso | 455 201|930 V5035
5360 781 714 | 5318 VSoi8 | Xx30Pl | 455P PNIOF
5540 m 713 | 7588 vsu29 | Xx4s 467 200 | 4387 VSOL6
oF 742 5 | 106p vs007 | Xxso 437 212 | 4375 vs217
6lgn. | 6lgn. 905 | 6lgn-s | vsoo6s | Xxe9 W36l 103569
§ind. |[6ind | 911 |GRR Y10 508 10P
§Tel, | 6GL 906 | 6Tel-C | vsoa2e | vi5 509 515p
TAGD | W36 410 | AB6A vsosa | yao 508 20p
7 912 24 | 400 Y208 507
8F 741 17 | 198p 1 915 15 | 7R VS034
8R 960P 23 | 191p vs070 | 0 738 205 | 57R30P | V015
9R 1015 41 Z30NX | W30 | 711 | 57R30S | VS114
920 815 710LP 14 724 2 57RE | VS068
A30 Wisa | 206 |P43d | vsow | .

* Avajlabke with plug-in terminal aiso.
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Interchangeable Batteries—(Continued)

-] B
"E @ g i n >
g B | 3 2 < 4 s 2 ? P
2 g | 2 8 P 3 2 2 k; g
6GL 6 Tel, 906 | 6 Tel-C | VS042C 716 4F6H S04 | 904 V5140
& lgn. 6 lgn. 905 | 61gn-S | VS006S 1 C5 9 P751 V5065
6 Ind. 6 Ind. 911 BRR 718 2F4 1 Ragp VS010
X-125 20F2 720 P3403 VS025 720 2D 13 122F VS069
W-350 L30NX 711 RTR308 VSI1l4 T24 i ? B7R4 VS068
W-351 130BP 726 D3 19 423PX VS072
W-352 F2BP 701 3928 VS100 729 47260 425 | AB333 VS064
W-354 2FBP 700 1928 VS101 T35 4FH 900 | 1945 VS106
W-355 ZBBP T36 Fi 3 P43A VSO67
W-356 2F2H VS136 738 230 205 | 57RIOP V5015
W-357 4F2H 901 398C VS138 T40 20F 719 | P9203 V5024
W-358 W3I0BPX Ity 8F 17 198F
W-362 WsBP 742 4F i 194F VS004
W-363F | 103085C 716 | 5930C V8127 743 6F 5 196P VS007
W-363P | 10308PI VS027 T44 FaPl (3] PH94A VS009
W-384F | 21308sC| 715 |58300 | vsis7 | 7ae 63 7 |pesa | vs00
W-364P | 71308PI 47 7F4l 16 BY8PL VSo11
W-368F | 230850 723 5230C V5126 760 422 704 | 342 V5134
W-385P | 2308P| YS0Z6 81 432 700 | 443 V5142
W-Im 7P 52 GAREAN 400 | ABY95 Vs047
W-3T6 5308 709 55308 V5112 53 F&ABD 401 ARI94 VS019
409 FAH 908 | 941 VS0400 764 GEME0 402 | ABS78 VS018
im 10 208 510P YS083 765 T5250 403 | ABTYS VS050
112 U15, 756 TRIGD 405 | ABSOL VS05TW
U15PF 215 | 215, 915 | vs084 766-P T6Z60P 428 V5059
413 20 210 | 520P Y5085 157 FoABOP 406 | ABY09 V5058
415 30 213 | 530CUH | VS08R 758 45060 414 | AB&S VS021
437 XX&0 217 | 4375 ys217 759 76060 413 ARSZ Vs022
455 KX30 201 830 V5055 61T 23708T 712 | 4238 V5130
457 K45 203 NSW45 VS082 1625 5308 709 | 55308 V5119
467 XX45 200 | 4367 vs016 | 763 4156 710 | 24155 | vs102
477 P45 211P | NW45s VS218 TBET 2156 02 | 2215C V58137
479 P&O 768 5156P1 721 2515P V5031
482 M30 202 P7830 V5013 m 2370P1 718 | P231W V5030
484 B30 07 P&303 VSs012 773 5540 713 | 7558 Vs0249
490 NED 204 | 4350 YS090 776 56060 Al5 | AB3Z26 VS119
493 U200 122 5200 V5093 778 51565C 708 | 2515C V5131
504 Y10 10F 81 5360 714 | B3IR V5028
505 Y15 515P 912 7 24 400
506 Y20 20P 915 Fi 15 R V5034
507 Y2as 935 1 14 ILP V5035
635 1 14 1LP V5035 950 2, R 13 2LP V5036
703 537 706 | 453 V5133 960-P BR 23 191P VSO70
706 4F4H 902 802 V5103 964 21R 20 aRr V3236
713 BS & P&51 Vs129 1461 5461 907 | 641 V5039
715 4F5H 903 903 VS139
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Resistor Color Code

RETMA STANDARD REC-116

s [@>@|0] |

MILITARY STANDARD MIL-R-11A

—lle]le[]o]

—flol & p——

— (oo

. N . *
HEER— S

1st Digit 2nd Digit Multiplier Tolerance
Calor A [ D

Black o 0 1 —
Brown 1 1 10 | —
Red 2 2 100 —
Orangs 3 3 1,000 —
Yallow 4 4 10,000 —
Grean 5 5 100,000 —
Blus B 6 1,000,000 -
Violat 7 7 10,000,000

Gray B 8 100,000,000

Whita 1] g —

Gold = = 01 i 8%
Silver — — .01+ % 109
Mo Color - *RETMA ONLY. 4+ 20,

INSULATION CODING

RETMA:

Insulated resistors with axial

leads are designated by a background of any
color except black. The usual eolor is natural
tan. Noninsulated resistors with axial leads
are designated by a black background color.

MILITARY (MIL): Same as

RETMA

with the addition of: Noninsulated resistors
with radial leads designated by a black
background color or hy a background the
same color as the first significant figure of the
resistance value.

BLACK MEANS A B
- .
Mica Capacitor Color Code :
MILITARY STANDARD
MIL-C-5A 1
Digits of Capacitance (uuf) | Tolerance Gharacleristic.
Calor - Multiplisr Yo Sue Lable below
A B C D
Black 0 o 1 =+ 20 =3
Brown 1 1 o — B
Red 2 2 100 + 2 G
Oranga 3 3 1,000 — D
Tellow 4 4 — - E:
Grean 5 o — — F:
Blua 6 & =3 =
Vinlet 7 T - — —
Gray 8 B —- — =
White 49 9 - — —
Gold — - 0.1 + 5 =
Silver — — 0.01 +10 —
VOLTAGE RATING
DESCRIPTION OF CHARACTERISTIC {udicated by s_i_i__r]!enaions rather than color coding)
- T(cm ﬁ‘m!uri' ” i"l».famimmn Muzimum Inches ,'.\'I,I.ric Clapacitence | Reating
*hrirae- Toeflicient Marimum Testibation - = | T {upf) {t d=c)
tepeatic | iparis per Capacitaice Restgtanee g Lty ! Wide | Thick = ot S s
midlion per ®(") Dyt {megodims) iL ) 15 A0
R : 500
B | Not sperified Not specified 7500 b 0 i = i
[ iy =200 =4, 5% TROOD Ut i e a_._ w &
- ' :' ! e _5_’,,1.'_ Ve __'ﬁ_ A60-3300 500
n = 100 fl)..‘i;-r 7500 =4 e ik 45 | 38006200 00
E +100 —20 | =(0.1%% —0.1 gub) TH0 . = B800- 10,000 300
¥ [ 0.055 40,1 uul 7500 5 F300-8200 600
+70 =(0.06% +0.1 uul) ¥ 1lg 1y 14 40 &ll()(!—ifl{ﬂqa , 500

A7
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Mica Capacitor Color Code
RETMA STANDARD REC-115A

WHITE MEANS A B
MICA
F E D
Digita of Capacitance (uut) " | Chacacteristic—
Color Mult[l)pl:er TnluraFni:a gl Seo tablo bolow
A C - =
Biack a | o 0 1| L2 A
Brown 1 1 1 10 — B
Rad 2 2 2 100 L 2 (i
Crange 3 3 3 1,004 + 3 D
Yellow 4 4 4 10,000 — b
Green ) & 5 L -5 —
Blus & 6 & — —
Vialet 7 7 7 = = =
Gray B ] B — — |
Whita g 9 9 = — J
Gold == = — 0.1 — —
Silver - - 0o 410 | —
VOLTAGE RATING
RESCRIPTION OF CHARACTERISTIC {Indicated by dimensions rather than calor eading)
Temipernture Viazi Minimum Mazimum Inches | . | Tapacitance | Hating
O ot | e dlictan M azimum o . Miule o
Frirs Capaciance (G0N Long | Wide | Thick bar) | G0
midlinn pes 20 rife (vneyuhrng) 51 1 7 ap a-510
B - wr - :'Jﬁ"_!“uﬂ
A = 1004 = (5% 41 ppf) 4000 16 15y P a5 II?JUJU]L;?UJ 3%
k =50 =@ctbwn | G0 . _ o | 4705300 | 300
C =200 A (L5 HL5 uul) L0 iy gy ba 30 Over 8200 | 300
D a= [k = (08355 4001 pwpl) BN T @ = RN 1 =
E 4100 =20 | =(0.15% +0.0 gal) | 6000 W T b1 31 Oyerp2on | 300
1 + 150 —50) *= (03 +0.2 puf) G000 i ) L 10-2400 | 1000
I +100 =50 | =(0.2% +03uuf) | BO00 e | Ya e L fi?g;;ggg . %
- -
®®@)| Mica Capacitor Color Code e
—— Obsolete Style
®® 0
@@@ (FRONT VIEW)
SOMET IMES
®®O BLANK
#
OO —{@@@I ©®
(BACK VIEW)
Digits of Capacitanca {puf) Voltage Rating
Dot Golor — Multiplier | Tolerance 7 (v d=c)
A B | G ] | E F
Black 0 ] i} I + 20 T
Brown 1 | 1 10 - | 100
Red 2 2 2 100 . T 200
Orange E] 3 3 1,000 + 3 300
Yellow 4 4 4 10,000 4 4 R
{Gresn ] E] 5 100,000 + b 500
Blue 6 5 5 1,000,000 . b0
gt T 7 7 10,100,000 + 7 7O
Gray 4 B H [ 100, 000,000 + 8 BOU
Whita 9 9 g 1,000, D00,000 + 9 G900
Gold — — — | 0,1 4+ 5 1,000
Bibvar — — == om +10 2,000
No Golor - | - + 20 500
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Ceramic Capacitor Color Code
RETMA STANDARD REC-107A
MILITARY STANDARD JAN-C-20A
Proposed Mil-C-20A

8 C
B E
£ F
A E F
Tubular Capacitors
(Voltage rating Is always 500 v.)

Feed Through Capacitors

A E B o {(RETMA ONLY)
B £ E
A F
F c
Tubular Capacitors
(Old RMA)
B E
5-Dot Disc Copacitors
L] (RETMA ONLY)
(Voltage rating is
A & 2 alwoys 500 v.)

Stand-Off Caopacitors

C
(RETMA ONLY) g
C
e
B E

3-Dot Disc Capacilors
(RETMA ONLY)

3-Do! Button Capacitors (Voltage rating is always 500 v.,
RETMA ONLY tolerance is olways —0.)
Digits of | Tolerance Temp. Coef. A
Capacitance (uuf) F (Parts per million per °C.)
Color Multiplier 10 uuf or | Over 10 - -
B|C|D E  |less (uuf) | puf (%) | RETMA MILITARY
Black 0 0 0 1 +2.0 +20* 0 0
Brown 1 1 1 10 +0.1* +1 33 — 30
Red 2 2 2 100 s -2 — 75 - 80
QOrange 3 3 3 1,000 s +2.6* —150 —150
Yellow 4 4 4 10,000* — - 220 —220
Green 5 5 5 = +0.5 +5 —330 330
Blue 6 6 6 - - —470 —470
Vialet 7 T 7 — — —750 —750
Gray 8 8 8 0.0 +0.25 — +150 to + 30
—1500
White 9 9 9 0.1 + 10 +=10 4100 to -+-330*
—750
Gold — | = | = == |l — =z — +100
*RETMA only
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Paper Capacitor Color Code
MILITARY STANDARD MIL-C-91A
(Commercial codes are saume except as noted)

SILVER A B
A C E %Eﬂagﬂs
_.[ * J_
B8 D
Tubular Capacitors F o c
(Commercial Only) Rectangular Capacitors
Digits of [ Tubular Temp. Rating
Capacitance (uuf) Tolerance Voltage Rating *C and
Color Multipliar i (v t-c) Characteristic
A B C D | E F
Black 0 0 1 + 20 | — 85-A
Brown 1 1 10 — | 100 85-E
Red 2 2 100 — | 200 —
Orange 3 3 1,000 + 30 300 -
Yellow 4 4 10,000 — 400 —
Gresn il 5 — - 500 -
Blue 6 6 — — 600 —-
Violet 7 7 — — 700 —
Gray 8 8 — — 800 =
White g 9 - - 800 -
Gold — — — 1,000 —
Silver — = + 10 = 3

VOLTAGE RATING FOR

RECTANGULAR CAPACITORS
(Indieated by dimensions rpthor than color eoding)

Weximum Dimeesions

p r
(:u'-‘m-,\ .'jf_g.fri_z: Cuprritance I;;f:;jf}:
ot | Thieke| €8 (upf) Gaiog]
Length | Width | = 20 o
1000 400
G Vi Y 20 20006000 200
1,000 120
2000 3000 400}
LEr ey T 174 22 GO0 - 10,000 BN}
20,000 120
1000-2000 B00
2000 600
3 Mgy Ve 30 GO 0,000 400
20,000 120
R 3000 800
st | st | Ny | 85 | 5000-10,000 600
20,000 SO0
| 3000~ G000 GOO
| 10,000 400
13 s | owa | oA 20,000 300
| H40,000 120
TOM-4000 1000
10,000-20,000 {40
i i R 42 F0,000 400
00,000 300
100,000 120
10,000 1000
20,000-40,000 (18]
1% i s 44 |90, 000 10, 00 400
204,000 120

50




ALLIED"'S

ELECTRONICS

DATA HANDBOOK

RETMA Color Codes

The color codes on the preceding and two
following puges are used by most radio and
instrument. manufueturers in the wiring of
their products, and by parts manufacturers
for wlentifying lead placement or resistor and
capaecitor  values, ratings, and tolerances.
These have been meluded for whatever help
they may provide in identilying parts snd

PRIMARY PRIMARY

lesdds when trouhle-shooting. Sinee all munu-
facturers do not nse these codes, however, due
eantion must he observed to determine whether
or not the set, instrument, or part under ex-
amination does or does not follow the code
colors given here. A quick check with o volt-
meter, chmmeter, or continuity meler is usu-
ally oIl that 15 needed to establish this faet.

I >
NOT TAPPED ' TAPPED el
1
[ RED-YELLOW HIGH
\ VOLTAGE
1
BLAGK | BLAGK {COMMON)
: RED
1 4
|I YELLOW
I BLACK - YELLOW YELLOW-BLUE _ |  RECTFER
! > FILAMENT
! YELLOW J
BLAGK '| BLAGK=-RED SREEN L
- | AMPLIFIER
GREEN-YELLOW FILAMENT
NO.|
GREEN
Power Transformer
BROWN )
AMPLIFIER
BROWN-YELLOW _ [ B\ ameNT
RED A+ NO.2
BROWN ]
B SLATE
SLATE-YELLOW ALEER
aLuUE B+ NO,3
SLATE
YELLOW B -
WHITE B+
INTERMEDIATE
HROWN G+
Battery
ORANGE G - Cable
INTERMEDIATE

GREEN c-
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d)

RETMA Color Codes—(Continue

034 @ MOTTEA

a3y 8

»avye

———— =
HIMBOISNYHEL  LN2Lnd

o34

a3y ® moak

g3y W Wwa

o3 a3

HIWHOASNYHL  LNdLNG

suolppauuor Bn|d pup sppai Jaypadg

a3y @ M0TT3A

034 B XIv18

02 Q1314

HIMMOJSNYEL  LNdiNO

ond

NMONE MO 3NTH

0o

QEVMOL  SNid

e

Q3 v MmOT3A

034 B HOVE

.._.,O.u. a.._.m_u

HINHOSSNVEL  LNalng

suoljpauuo?) Bnjd pup sppaj ia)padg

e

N
QEVMCL  SWid

and

NMOHE B0 308
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SONIONIM  AMVONGOI3S HO AHVAIHD 1INd-HSNd KO ATND ONNOE g

ONMOED HO
{ LHYLS) {LuvLE} . o
#0149 = ~ 31V d DAV NHNL3H = +8
MOTI3A HO NIFED NMOHE HO 3078 300/0 HO QMO GET]
oD SNINOW
; 30010
mmoummpu,%m._ Haw8 8 IAVA TN
102 ONIMON
40 301S HOM - R 3y Hpn e ELLL S F18 ¥
‘4O QY9
Si2Wiojsupd | ___3&.—:° g olpny siawlojsuni] u_n_
034 9 MOTI3A = E 038 ® mOT3s
SAY-MOT =tal- =l
038 ¥ NovE
034 ® 3L¥7S a2
NIFED ¥ MOTIFA = oA IREE
'SIH-HIIH
w330 ® AO¥AE [ 034 W NI¥B
502 971314 T Tieg QT3 ETRE]
tHd a3y a3y
el
e e
HIRMOISNYEL  LAding NMOHE wD 308 MIANHOASNYEL LNdLNO NMONE HO0 3INTE

(Penunuo))—sapoy 10j0) praT Joypadg
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Schematic Symbols

Used in Radio Diagrams

CATHODE

POTENTIOMETER
(VOLUME CONTROL|

_®_

POWER SWITCH

VACUUM TUBE

ANTENNA ———  |RON CORE ©0°%0  swiek
(AERIAL) — UV — CHOKE COIL o o ‘SRE?.TE“CR;OR?R
OO0 o
e GROUND THANSFORMER * g“;’,g‘:‘r'aﬂ
= (AIR CORE) E
ANTENNA ?#:NSFORMER LIGHT NING
(LOOP) {IRON CORE) —® ®—  LARRESTER
WIRING METHOD 1 ??u":ﬁgronusn
| é 5
1 —O\0— FUSE
CONNECTION F =118 VOLT PRIMARY
51 - CENTER - TAPPED
SECONDARY FOR
5 FILAMENTS OF
——’— NO CONNECTION p g 2 SloNAL " GIRGUIT —@— FILOT LAMP
Sy - SECUNDAAY FOR
RECTIFIER TUBE
WIRING METHOD 2 By . oAl
Sy - CENTER-TAFPED
—+_ CONNECTION * :g&;‘\;::?u ﬁ HEADPHONES
NO CONNEGTION L E?F'Eﬁ:l'ron LOUDSPEAKER,
T (MICA OR PAPER) P M DYNAMIC
1 FIXED LOUDSPEAKER
TERMINAL CAPACITOR :rsﬁﬁ: .
‘L l :l-‘ (ELECTRAOLY TiC) E L ECTROD*Nlulc
+H= ONE CELL OR ADJUSTABLE
—-|I-— s OR VARIABLE PHONO PICK-UP
A" BATTERY CAPACITOR
ADJUSTABLE VACUUM TUBE
—|F— MULTI-cELL OR OR VARIABLE HEATER OR
"B" BATTERY R CAPACITORS FILAMENT
IGANGE!
ILE. W
— AW  RESISTOR TRANSFORMER b]_ AGUUM TUBE
(DOUBLE  TUNEER)
l S.P.S.T. ®_ GRID
=
TAPPECD RESISTOR SWIT UM Tus
| | OR VOLTAGE - ¢ M s :ti#s £
BIVIDER FDT
3_ELEMENT
""!" —o7 o— SWITCH VACUUM TUBE
- RHEQSTAT D)"c D.RST [ TRIDBE )
= A ALIGNING KEY
__ryE_ AR CORE % switew OCTAL BASE
CHOKE cOIL - ?)‘ o— DPRDT TuBE
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Abbreviations and Letter Symbols

Many of the abbreviations given are in lower-tase letters. Obviously, however, there
will be oceasions such as when the abbreviations are used in titles where the original word
would have been capitalized. In these cascs, the abbreviation should be similarly capitalized.

A two-word adjective expression should contain a hyphen.

Term
Admittance . . ki
Albcrnﬂ.t.mg—current (ad jt’tll\«'e] .
Alternating eurrent (noun). . -

Angular veloeity (2nf)
Antennav. ... ... .
Audio-frequency (ad]mtwe] ......
Audio frequency (noun) ........
Automatie volume control. . ... ..
Automatie volume expansion
Capacitance. ... ..o e,
Capaeitive reactance .. ..o 0o
Centimeter . . o
Condustanees soomswmaiwasn
Continuous waves

Current. . 3

Cycles per secon:l

TeeThed 5 i ai s s e 7
Direct-current (adjective) ... . . .
Direct current (noun). ... ........
Double cotton covered . ... .
Double pole, double throw .. .. ...
Double pole, single throw ., ... ....
Doulile silk covered. , ... .......
Electric field intensity . ... 0.0
Electromotive loree. ..
Frequeney .. s ST TR
Frequency mmluln.tmn ...........
Ground . .. .

High-frequency ladjective).... ..
High frequency (noun)
[mpedance .....................
Inductance.

Inductive reac hme 4
Intermediate- fl‘L(]lIl"ill'\’ {aulgmlaw)
Intermediate frequency (noun). ...
Interrupted continuous waves .. ..
Kiloeycle
ROl = s
Kilovaelt -
Kilovoltampere: . ........0.oo0e.
Kilowatt. . .

Abbireet-
ation
%
n-c
a.e.
a
w
ant.
a-f
a.f.
a.vic.
a.v.e,
c
X{_'
ol

g

db
d-e
d.e.
..

d.palt.

d.ps.t.
d.se.
Iy
o.m.f,
il
f.m.
gnd.
fi

hf
hif.
Z

L

X,
i-f

if.
Le.w.
ke
Kk
kv
kva
kw

35

Term
Low-frequency (wdljective)
IJE_'IW lli'(-‘.L‘I.ll’.ll(.'}’ Lo ),
Magnetie field intensity
Migsneyele s e s i
Megnhng s swwwi s orimm
NUBBERS . oris st Giinre e
MIerOAMPEIE 5 vwas o oo wisiinesis
Mierofarnd (mfd), ... ..
Microhenry : i
Micromicrofarad (mml’d]. .
MipTovelh « s s we
Microvalt per meter. . ..
MinBowatt qoea s annapsizgn
Milliampere., . ....oooooeioiein .
Millihenry. . .
Millivolt. . .. ... ... ...
Millivolt permeter. .. ..o,
Milliwatt . —
Mudul.itf-(l continuous waves. . . . .
Mutual inductance . .o ooveeonn
Ol v mennsimmnessss
Power ... .
Pesicens Patbom. oo ol s i
Radio-frequency (adjective). . ....
Radio frequency (noun) .
RRactines . e v s «
Resistanee ... ......
Revolutions per mimute. .
Root mean square. . .
Selli-inductance . ...
Short wave

Single cotton eovered. . . ..

Single cotton enamel .. o
Single pole, double throw - ...,
Smgle pole, single throw. .. ...
Single silk covered .o
Tuned radio frequency

Ultea high frequency,

Vaeuum tube voltmeter

Volb oo e e
Voltage, ....-.....
Volt-Ohm-Milliammeter.

Abbroni-
ation

I-f

Li

H

Me
M
m

e

F{

uh
ppl
BY
pv/m
uw
mia
mh
my
my,/m
mw
m.e.ow.
M

2

I?

pl.

r-f

r.f.

X

IR
r.p.am.
.S
L

S.W.

- 4 e
Bt
sipndlit,
s.ps.l.
S8,
A
w.hl
v.l.ov.n
v

I e
V.00,
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Common Logarithms

T
N 0 1 2 3 4 5 6 7 8 9 N
10 0000 | 0043 | 00B8 | 0128 | 0170 | 0212 | D263 | 0204 | 03 34 | 0374 10

1 0414 | 0453 | 0492 | 0531 | 0680 | 0807 | 0645 | 0682 | 0719 | 0765 11
12 0782 | 0828 | 0B64 | 0BBY | 0934 | 0969 | 1004 | 1038 | 1072 | 1108 12
13 1138 | 1173 | 1208 | 1239 | 1271 | 1303 | 1835 | 1387 | 1390 | 1430 13
14 1481 | 1492 | 1523 | 1663 | 1684 | 1614 | 1644 1673 | 1703 | 1732 14

15 1761 | 1790 | 1818 | 1847 | 1876 | 18903 | 1931 | 1969 | 1987 | 2014 15

16 2041 | 2068 | 2096 | 2122 | 2148 | 2176 | 2201 | 2227 | 2263 | 2270 16
17 2304 | 2330 | 2356 | 2380 | 2406 | 2430 | 2456 | 2480 | 2604 | 2620 17
18 2663 | 2677 | 2601 | 2625 | 2648 | 2672 | 2695 | 2718 | 2742 | 2765 18
19 2788 | 2810 | 2833 | 2868 | 2878 | 2900 | 2023 | 2045 | 2087 | 2080 19

20 3010 | 3032 | 3054 | 3076 | 30906 | 3118 | 3139 | 3160 | 3181 | 3201 20

21 3222 | 3243 | 3263 | 3284 | 3304 | 3324 | 3345 | 3366 | 3385 | 3404 | 21
22 3424 | 3444 | 3464 | 3483 | 3502 | 2522 | 3541 | 36680 | 3570 | 36508 22
23 3617 | 3836 | 3865 | 8874 | 3602 | 3711 3720 | 3747 | 3768 | 3784 | 23
24 3802 | 3820 | 3838 | 38566 | 3874 | 3892 | 3009 | 3927 | 3945 | 30862 24

25 3879 | 39897 | 4014 | 4031 | 4048 | 40856 | 4082 | 4099 | 4118 | 4133 | 285

26 | 4150 | 4166 | 4183 | 4200 | 4216 | 4232 | 4240 | 4265 | 4281 | 4298 | 26
27 | 4314 | 4330 | 4346 | 4362 | 4378 | 4393 | 4409 | 4425 | 4440 | 4458 | 27
2B | 4472 | 4487 | 4502 | 4518 | 4533 | 4548 | 4584 | 4570 | 4504 | 4808 | 28
29 | 4624 | 4630 | 46864 | 46689 | 4683 | 4608 | 4713 | 4728 | 4742 | 4757 | 28

30 4771 | 4786 | 4B00 | 4B14 | 4820 | 4843 | 4857 | 4871 | 4886 | 4800 | 30

31 4914 | 4928 | 4D42 | 4055 | 4069 | 4983 | 4997 | 56011 | 56024 | 5038 | 31
32 BOB1 | 6085 | 5070 | 6092 | 5105 | 5119 | 5132 | 5146 | 65169 | 6172 32
33 5186 | 65198 | 6211 | 5224 | 5237 | 65260 | 5263 | 5276 | 5289 | 6302 33
34 5315 | 6328 | 6340 | 6363 | 5366 | 5378 | 53091 | 5403 | 5418 | 5428 34

3s 5441 | 56453 | 6465 | 5478 | 5400 | 6502 | 5514 | 5527 | 6639 | 6561 35

36 6663 | 6675 | 6687 | 5699 | 5611 | 6623 | 6636 | 5647 | 5686568 | 6BTO 36
37 5682 | 6884 | 6706 | 6717 | 5720 | 5740 | 5752 | 5783 | 5775 | 5788 37
38 8798 | 5800 | 5821 | 6832 | 5843 | 5866 | 6866 | 5877 | 5888 | 5889 38
a9 6911 | 5922 | 6933 | 6944 | 5966 | 5966 | 6977 | 5988 | U9V | 6010 | 39

40 | 6021 | 8031 | 6042 | BO63 | 8064 | 6076 | 8086 | 80948 ( 8107 | 8117 | 40

41 8128 | 8138 | 81490 | 8160 | 8170 | 8180 | 8181 | 6201 | 6212 | 6222 | 41
42 | 6232 | 6243 | 6203 | 6263 | 6274 | 6284 | 6294 | 6304 | €314 | 6325 | 42
43 | 6335 | 6345 | 63556 | 8365 6376 | 8386 | 6395 | 8405 | 8415 | 8425 | 43
44 | 6435 | 8444 | 8454 | 8464 6474 | 6484 | 64903 | 6603 | 6613 | 6522 | 44

45 6532 | 6642 | 86561 | 6661 | 6671 | 65680 | 6690 | 6699 | 660D | 8618 | 45

46 6628 | 6637 | 6646 | 6656 | 6665 | 6675 | 6684 | 6603 | 8702 | 8712 | 46
47 8721 | 8730 | 8730 | 8749 8758 | 6767 | 6776 | 6785 | 6794 | 6803 | 47
48 6812 | 6821 | GB30 | 68392 6848 | 6857 | 6866 | 6875 | 6884 | 6893 48
49 6902 | 8811 | 6920 | 6928 6937 | 6046 | 8055 | 6064 | 8072 | 8981 49

50 6990 | 8008 | 7007 | 7018 | 7024 | 7023 | 7042 | 7060 | 7059 | 7087 50

51 7078 | 70B4 | 7093 | 7101 | 7110|7118 | 7126 | 7135 | 7143 | 7152 51
52 7160 | 7168 | 7177 | 7186 | 7193 | 7202 | 7210 | 7218 | 7228 | 7236 52
53 7243 | 7251 | 7259 | 7287 | 7276 | 7284 | 7202 | 7300 | 7308 | 7316 53
54 7324 | 7332 | T340 | 7348 | 7366 | 7364 | 7372 | 7380 | 7388 | 7396 | 54
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ALLIED'S

ELECTRONICS

DATA

HANDBODOK

Common Logarithms (Coentinued)

N | o 1 2 3 4 5 6 7 8 9 )|
85 T404 | 7412 | 7419 | 7427 | 74356 | 7443 | 74561 | 7460 | 7488 | 7474 556
B6 | 7482 | 7490 | 7497 | 7606 | 7613 | 7520 | 7628 | 7636 | 7643 | 7561 | 58
57 | 7669 | 7688 | 7674 | 7682 | 7688 | 7697 | 7604 | 7612 | 7819 | 7827 | B7
&8 7834 | 7842 | 7849 | TBET | 7664 | 7672 | TAVO | 76888 | 7804 | 7701 58
B9 | 7708 | 7716 | 7723 | 7731 | 7738 | 7746 | 7762 | 7760 | 7767 | 7774 | 659
80 | 7782|7789 | 7796 | 7803 | 7810 | 7818 | 7826 | 7832 | 7839 | 7848 | 60
&1 7853 | 7880 | 7868 | TRTE6 | TB8B2 | 78O | 7T8OAE | 7003 | 7910 | 7917 &1
62 | 7924 | 7931 | 7938 | 7945 | 7862 | 7960 | TE66 | 7973 | TOBO | T9BT | €2
63 | 7983 | BOOO | BOO7 | 8014 | 8021 | BO28 | 8036 | 8041 | B048 | 8065 | 83
84 8082 | 8069 | BOTH | B0B2 | 8089 | 8008 | B102 | 8100 | 8118 | 8122 64
65 (8120 | 8136 | 8142 | 8149 | 8166 | 8162 | 8168 | 8176 | 8182 | 8189 | 65
66 |B105 | B202 | B209 | 8215 | 8222 | 8228 | 8236 | 8241 | 8248 | 8264 | 66
67 8281 | 8287 | B27T4 | 8280 | 8287 | 8293 | 8289 | 8308 | B312 | 8319 67
68 |B326 | 8331 | B338 | 8344 | 8361 | B367 | 8363 | 8370 | B376 | 8382 | 68
69 |8388 | 8365 | B401 | 8407 | 8414 | 8420 | 8426 | 8432 | B430 | 8445 | 69
70 8451 | 84567 | B463 | 8470 | B478 | 8482 | B488 | 8494 | BG0O0O | 8508 70
71 |8513 |B619 | B626 | 8631 | 8637 | 8643 | 8540 | 86566 | 8681 | 8567 | 71
72 |8B573 | B579 | B686 | 8691 | 8607 | 8603 | 8609 | 8815 | 8821 | 8827 | 72
73 8633 | 8639 | B646 | 86851 | B6567 | 86683 | 8660 | 88765 | B6B1 | 86886 73
74 | 8692 | 8688 | B704 | 8710 | 8716 | 8722 | 8727 | 8733 | 8739 | 8745 | 74
75 | 87651 87568 | B782 | B768 8774 (8779 | 8786 | 8791 8707 | 8802 | 15
76 8808 | 8814 | 8820 | BB25 8831 | 8837 | 8842 | 8848 | 8854 | 8859 76
77 |©8866 | 8871 | BBTO | 8882 BB87 | BB93 | 8899 | 8904 | 8910 | 8915 | 77
78 |8921 | 8027 | 8032 | 8938 8943 | 8949 | 8054 | 8960 | 8985 | 8971 | 78
79 | 8078 | 8082 | 8087 | 80993 8068 | 8004 | 8009 9015 | BO20 | VO2LE 79
80 |9031 | 9036 | 8042 | 9047 | 9063 | 068 | 2063 | POBO | 90T4 | 9078 | B8O
81 |9085 9090 |B096 (9101 | 9108|9112 9117 |9122 |9128 (9133 | 81
B2 0138 | 9143 (D140 | 0164 2159 | 9185 (8170 | 8175 | 9180 |9188 82
83 | 9191 | 9106 | B201 | 92068 | 8212 [ 8217 | 9222 | 8227 9232 | 8238 | 83
B4 |9243 9248 | B2563 | 9258 | D263 | D269 | 9274 | 9270 (9284 | 9280 | 84
8s 9204 | 9200 | 5304 | 6309 | 315 | 9320 | 9325 | 9330 | 8336 | 9340 85
86 |9345 | 9350 | 9355 | 9360 | 9366 | 9370 | 9376 | 9380 | 9385 | 9390 | 86
87 |9395 | 9400 | 9405 | 9410 | 94156 | 9420 | 9426 | 9430 | 9435 | 9440 | 87
88 |9445 | 9450 | 04565 | D460 | D465 | 0460 | 9474 | 0470 | 9484 | 9480 | 88
89 |©9404 | 0409 (9504 | 9509 | 96513 | 9618 | 9623 | 9628 | 9633 | 9638 | 89
90 |9642 | 9547 | 9652 | 9567 | 9662 | V666 | 9671 | 9676 | USBl | U6BH | 90
91 | 0500 | 9505 | 9800 | 0805 | BA00 | A14 | 0619 | 0824 | BA28 | 96833 | 81
92 |0638 | 9643 | 9647 | 96862 | 06857 | 9661 | 9668 | 9671 | 96765 | 9680 | 92
93 | 9686 | 9689 | D694 | 0699 | O703 | BT08 9713 | 9717 | 9722 | 9727 | 93
94 |9731 |9738 | 9741 | 9745 | 0760 | 9754 (9760 | 0763 | 0768 (9773 | 94
95 | 9777 | 9782 | 9786 (9791 | 9795 | 9800 | 9805 | 98B0 | 9814 | 9B18 | 95
96 | 9823 | 9827 | 9832 | 9836 | 0B41 | 8846 | 9860 | 98564 | U869 | 0BE3 | 96
97 9868 | 9B72 | DA77 | OBA1 | D284 | 9800 | B804 | 9890 | PGO3 | GBOAR 97
98 | 9912 | 9917 | 9921 (0026 | 0930 | 0934 | 99390 | 9943 | 9948 | 9952 | 98
99 | 9956 | 9961 | 9966 | 9969 | 0974 | 978 9983 | DUET | 9901 | 0996 | 99
N o 1 2 3 4 5 6 7 8 9 N

7



ALLIED'S ELECTRONICS DATA HANDSBOOK

Natural Sines, Cosines, and Tangents

o o
0°-14.9

Degs. | Function | 0.0° 0.1° 0.2° 0.3° 0.4° 0.5° 0.6° 0.7° 0.8° 0.9°
sin 0.0000 | 0.0017 | 0.0035 | 0.0052 | 0.0070 | 0.0087 | 0.0105 | 0.0122 | 0.0140 | 0.0157

0 cos 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 0.99%9 | 0.9999 | 0.9999 | 0.9999
tan 0.0000 | 0.0017 | 0.0035 | 0.0052 | 0.0070 | 0.0087 | ©,0105 | 0.0122 | 0,0140 | 0,0157

sin 0.0175 | 0.0192 | 0.0209 | 0.0227 | 0.0244 | 0.0262 | 0.0279 | 0.0297 | 0.0314 | 0.0332

1 cos (-9998 | 09998 | 0.9998 | 0.9907 | 0,9997 | 0.9997 | 0.9996 | 0 9996 | D,9995 | 0.9995
tan 00175 | D.0182 | D.0209 | 00227 | 0.0244 | 0.0262 | 0.0279 | O 0297 | 0.0214 | 0.0332

sin 0.0349 | 0.0366 | D.03B4 | 0,0401 | 0,0419 | 0,0436 | 0,0454 | 0.0471 | 0,0488 | 0.0506

2 cos 0.9994 | 0.9993 | 0.9993 | 0.9992 | 0.9991 | 0.3990 | ¢.9990 | 0 9983 | 0. 9988 | 0.9987
tan 0.0349 | 0.0367 | 0.0384 | 0,0402 | 0.0419 | 0.0437 | 0.0454 | 0.0472 | 00489 | 0.0507

sin 0.0523 | 0.0541 | D.O558 | 0.0576 | 0.0593 | 0.DE1C | 0.0628 | 0.0645 | 0.0663 | O.0B80

3 cos 0.9986 | 0.5985 | 0.9984 | 0.9983 | 0,9982 | 0.9981 | 0.9980 | 0.997% | 0.9978 | 0.9977
tan 0.0524 | 0.0542 | 0.0559 | 0.0577 | 0,0594 | 0.0612 | 0.0629 | 0.0647 | 0.0664 | 0,0682

sin 0.0698 | 0.0715 | D.0732 | 0.0750 | 0.0767 | 0.0785 | 0.0802 | 0.081% | D.0837 | 0.0854

4 cos 0.9976 | 0.9974 | D.9973 | 0.9972 | 0.9971 | 0.5969 | 0.9968 | O 99656 | 0.9965 | 0.9963
tan 00699 | 0.0717 | 0.0734 | ©.0752 | 0.0765 | 0.0787 | 0.0805 | O.0822 | 0.0B40 | 0.0857

sin 0,0872 | 0.0889 | D.0906 | 0.0924 | 0.094 | 0.0958 | Q.097G | 0.0993 | 0.,1011 | 0.1028

5 o5 0.9962 | 0.9960 | 0.9959 | 0:9957 | 09956 | 0.9954 | 0.9952 | 09951 | D.9949 | 0, 9947
tan 0.0875 | 0.0892 | D.O910 | 00928 | 0.0945 | 0.0963 | 00981 | O.0998 | 0.1016 | 0.1033

sin 01045 | 01063 | 0,1080 | 01007 | 0. 1115 | 0.1132 | 0.1149 | O 1167 | 0. 1184 | 0, 1201

6 cos 0.9945 | 0.9943 | 0.9942 | 0.9940 | 0.9938 | 0.9936 | 0.9934 | 0.9932 | 0,9930 | 0.9928
tan 0,105 | 0.1069 | 01086 | 0.1104 | 01122 | 0.113% | G.1157 | 01175 | 01192 | 0.1210

sin 0,1219 | 0.1236 | 0,1253 | 0.1271 | 0.1288 | 0.1308 | 0.1323 | 0.1340 | 0.1357 | 0.1374

T cos 0.9925 | 0.9923 | 09921 | 0.9919 | 0.9917 | 0.9914 | 0.9912 | O 9910 | 0 9507 | 0.9905
tan 0.1228 | 0.1246 | 01263 | 0.1281 | 0,1209 | 0.1317 | 0.1334 | 0.1352 | 01370 | 0.1388

sin 0.1392 | 01409 | 01426 | 0.1444 | 0. 1461 | 0.1478 | 0.1495 | 01513 | 0.1530 | 0,1547

8 cos 0.9903 | 0.9900 | O 9898 | 0.9895 | 0.9893 | 0.5890 | C.9688 | O 9B85 | 0 .9EB2 | 0.9880
tan 0.1405 | 01423 | 01441 | 0.1459 | 0.1477 | 0.1495 | 0.1512 | 0,1530 | 0. 1548 | 0.1566

sin 0.1564 | 0 1582 | 0,1580 | 0.1616 | 0.1633 | 0.1650 | 0.1668 | 0,1685 | 0.1702 | 0.1719

9 cos 0.9877 | D.9874 | 0 971 | 0.9869 | 0.9866 | 0.9861 | 0.9860 | 0.9857 | 0.9854 | 0.9851
tan 0.1584 | 01602 | 01620 | 01638 | 0.1655 | 0.1673 | 01691 [ 0.1709 | 01727 | 0.1745

sin 0.1736 | 0175 | 01771 | 01788 | 01805 | 01822 | 01840 | 0.1857 | 0.1874 | 0. 1801

10 cos 0. 9848 | 0.9845 | 0 9847 | (.9839 | 0 9836 | 0.G833 | 0.9479 | 0.9826 | 0.9823 | 0. 9820
tan 0.,1763 | 0.1781 | 0,1798 | 0,1817 | 0.1835 | 01853 | 01871 | 0.1890 | 0.1908 | 0.1926

sin 0.1908 | 0.71925 | 0.1942 | 0 1959 | 0.1977 | 0.1994 | 0:2011 | 0.2028 | Q.2045 | 0.2062

11 cos 09816 | 0.9813 | 09810 | 0.9806 | (9803 | 0.9799 | 0.9796 | 0.9792 | 0.9789 | 0.9785
tan 01944 | 0.1962 | 0.1980 | 0.1998 | 0.2016 | 0,2035 | 0.2063 | 0.2071 | 0.2089 | 0.2107

sin 0.2079 | 0.2096 | 0.2113  0.2130 | 02147 | 0.2164 | 0.2181 | D.2198 | 0.2215 | 0 2232

12 cos 0.9781 | 0.9778 | 0.9774  0.9770 | 0.9767 | 0.9763 | 0,9759 | 0.9755 | 0.9751 | 0,9748
tan 0.2126 | 0.2144 | 0.2162 | 0.2180 | 0.2199 | 0.2217 | 0.2235 | 0.2254 | 0. 2272 | 0.2290

sin 0.2360 | 00,2267 | 0.2284 | 0.2300 | 0.2318 | 0.2334  0.2351 | 0.2368 | 0.2385 | 0.2402

13 cos 0 9744 | 09740 | 0.9736 | 0.9732 | 0.9728 | 0.9724 0.9720 | 0.9715 | 0.9711 | 0.9707
tan 0.2309 | 0.2327 | 0.2345 | 0.2364 | 0.2382 | 0.2401  0.2419 | 0.2438 | 0.2456 | 0.2475

sin 02419 | 0.2436 | 0.2453 | 0.2470 | 0. 2487 | 0.2504 | 0.2521 | 0.2538 | 0.2554 | 0.2571

14 cos 0,9703 | 0.9699 & 0.9694 | 0.9690 | 0 9RE6 | 0.9681 | 0.9677 | 0.9673 | D.9668 | 0, 9664
tan 0.2493 | 0.2512 | 02530 | 0.2549 | 0.2568 | 0.2586 | 0.2605 | 0.2623 | 0.2642 | 0.2661

Degs. | Function o [ 12’ 18’ 24’ | 3 ‘ 36 42’ 48’ 547
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ALLIED" S ELECTRONICS DATA HANDBOOK

Natural Sines, Cosines, and Tangents— (Continued)

o] (]
15°-29.9

Degs. | Function | 0.0° 0.1° 0.2° 0.3° | 0.4 0.5° 0.6° 0.7° 0.8° 0.9°
sin O.2588 | 0 2605 | 0 7622 | 0 2639 | 0 2656 | 0 2572 | 0 2RB9 | O 2706 | 0 2723 | 0.2740
15 cos 0.9659 | 0.9655 | 0,.9650 | 0.9646 | 0.9641 | 0.9636 | 0.9632 | 0.9627 | 0.9622 | 0 9617
tan 0.2679 | 0,2698 | 0.2717 | 0 2736 | 0.2754 | 0.2773 | 0.2792 | 0.2811 | 0 2820 | 0.2849
sin 0.2756 | 0.2773 | 0.2790 | 0 2807 | 0,2823 | 0 2840 | D.2657 | 0.2874 | 0.2850 | 0 2907
16 cos 0.9613 | 0.9608 | 0.9603 | 0.9598 | 0.9593 | 0,9588 | 0.9582 | 0.9578 | 09573 | 0 9568
tan 0.2867 | 0.2886 | 0.2905 | 0 2924 | 0 2943 | 0.2962 | 0. 2981 | 0 3000 | 0 3019 | 0 3038
sin 02924 | 0.2940 | 0.2957 | 0.2674 | 0.2990 | 03007 | 0.3024 | 0.3040 | 0.3057 | 03074
17 cos 09563 | 0.9558 | 09553 | 0.9548 | 0.9542 | 0,9537 | 0.9432 | 0.9527 | 0,9521 | 0 9516
tan 0.3057 | 0.3076 | 0,3096 | 0 3115 | 0.3134 | 0,3153 | 0.3172 | 0,3191 | 0,3211 | 0,3230
sin 0.3080  0.3107 | 0.3123 | 0.3140 | 0.3156 | 0.2173 [ 0.3190 | 0 3706 | 0 3273 | 0 3239

18 cos 0.9511 | 0 9505 | 0.9500 | 09494  0.9489 | 0.9483 [ 0.9478 | 0.9472 | 0 9466 | 0 9461
tan 0.3249 | 0.3269 | 0.3288 | 0.3307 | 0.3327 | 0.3346 | 0.3365 | 0.3385 | 0.3404 | 0 3424
sin 0.3256 | 0.3272 | 0.3289 | 0.3305 | 0.3322 | 0.3338 | 0.3355 | 0.3371 | 0.3387 | O 3404
19 cos 0.9455 | 0.9449 | 0.9444 | 0 9438 | 0,9432 | 0.9426 [ 0.942) | 0.9415 | 0.9409 | 0 9403
tan 0.2443 | 0.2453 | 0.3482 | 0.3502 | 0 3502 | 0.3541 | 0.3561 | 0 3581 | 0.3600 | 0.3620
sin 0.3420 | 0.3437 | 0.3453 | 0.3463 | 0, 3486 | 0.3502 | 0.3518 0.3535 | 0.350 0. 3567
20 cos 0.9397 | 0,9391 | 0.9385 | 0. 9379 | 09373 | 09367 | 0.936/ | 0.93%4 | 0,938 | 0 9342
tan 0.3640 | 0,3659 | 0.3679 | 0.3699 | 0.3719 | 0.3739 | 0.3759 | 0,3779 | 0.3799 | 0 38319
&in .3584 | 0.2600 | 0.3616 | 0.3633 | 0.3649 | 0.3665 | 0.3681 | 0.3697 | 0.3714 | 0.3730
21 cos 0.9336 | 0.9330 | 0,9373 | 0.9317 | 0.9311 | 0,9304 | 0 9298 | 0. 9291 | 0 9285 | 0.9278
tan 0.3630 | 0.3859 | 0.3879 | 0.3899 | 0.3919 | 0.3939 | 0.3959 | 0.3979 | 0.4000 | 0.4020

sin 0.3745 | 0,3762 | 0.3778 | 0.3795 | 0.3811 | 0.3827 | 0.3843 | 0 3859 | 0.3875 | 0.3891
22 cos 09272 | 0.9265 | 0.6250 | 0.9252 | 0 9245 | 0.9239 | 0.9232 | 0.9225 | 0 9219 | 0.9212
tan 0 4040 | 0.4061 | 0.4081 | 0. 4101 | 0.4122 | 0.4142 | 0. 4163 | 0.4183 | 0.4204 | 0.4224

sin 03907 | 0.3923 | 03939 | 0.3955 | 0.3971 | 0.3967 | 0.4003 | 0.4019 | ©.4035 | 0.4051
23 cos 0.9205 | 0.9198 | 0.9191 | 0 9184 | 0,9178 | 0.9171 | 0.9164 | 0,3157 | 0.9150 | 0.9143
tan 0,4245 | 0.4265 | 0.4286 | 0 4307 | 0.4327 | 0.4348 | D.4369 | 0.4390 | 0.4411 | 0.443
sin 0.4067 | 0.4083 | 0.4099 | 0.4115 | 0.4131 | 0.4147 | 0 4163 | 0.4179 | 0 2195 | 0.4210
24 cos 0.9135 | 0.9126 | 0.9121 | 09114 | 09107 | 0.9100 | 0 9092 | 09085 | 0 9078 | 0.9070
tan 0.4452 | 0.4473 | 0.4494 | 0 4515 | 0.4536 | 0.4557 | 0.4578 | 0.4599 | 0 4621 | 0.4642
sin 0.4226 | 0.4242 | 0.4958 | 0 4274 | 04289 | 0.4305 | 0 4321 | 0.4337 | 0.4352 | 0.4368
25 cos 09063 | 0.9056 | 0 9048 | 0 9041 | 0.0033 | 0.9026 | 0 9018 | 0,901 | 0 9003 | 0 B9Y6
tan 0.4663 | D.46B4 | 0.4706 | 0, 4727 | 0.4748 | 0. 4770 | 0. 4791 0.4813 0.4834 0, 4856
sin 0.4384 | 04399 | 04415 | 0. 4431 | D 44946 | 0 4462 | 0. 4478 | 0. 4993 0 .4509 | 0.4524
26 cos 0,8388 | 0.BYBO | 0.8973 | 0.8965 | D BY57 | U B94Y | (.8942 | 1.8934 0.8926 | 0.6918
tan 0.4877 | 0.4899 | 0.4921 | 0.4942 | D 4964 | 0.4986 | 05008 | 0 5029 | 0 5051 | 0.5073
sin 0.4540 | O.4555 | 0.45T 0.4586 | 0. 4602 | 0.4617 | 0.4633 | 0. 4648 04664 0. 4679
27 cos 0.B910 | 0.8902 | 0.B8%4 | O, BBBEG | 0 B878 | 0_.BB7O | 0.8B62 | 0.8854 0.8846 | 0.8838
| tan 0.5095 | 0.5117 | 0.5139 | 0.5161 | 0.5184 | 0.5206 | 0.5228 | 0.5250 | 0.6272 | 0.5295
sin 0.4695 | 0.4710 | 0.4726 | 04741 | 0.4756 04772 | 0.4787 | 04802 | 0.4818 | 0.4833
28 cos 08879 | 0 BA21 | 0 A813 | 0 BROS | 0 B796 | 0 B788 | 0 8780 | 0.BT71 | 0.8763 | 0.B755
tan 0.5317 | 0.5340 | 0.5362 | 0.5384 | 0.5407 | 0.5430 | 0.5452 | 0.5475 | 0.5498 | 05520
sin 0.4848 | 04863 | 0 4879 | 04894 | D,990% | 0 4924 | 0.4939 | 0.4955 | 0.4970 | 0.4985
29 cos 0.8746 | 0.8738 | 0.8729 | 0.8721 | 0.B712 | 0.8704 | 0. 8695 | U M68G | 0. BG7E | 0 6669
tan 0.5543 | 0 5566 | D.5589 | 0.5612 | 0.5635 | 0.5658 | 0.5681 | 0 5704 | 0.5727 | 0.5750

Degs. | Function o & 12’ 18’ 24' 30 36 42 | 48 54’
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ALLIED’S ELECTRONICS DATA HANDBOOK

Natural Sines, Cosines, and Tangents—(Continved)

o o
30°.44.9

Degs. | Function | 0.0° | 01° | 0.2° | 03° | 04° | 05" | 0.6° | 0.7° | 0.8 0.9°
sin 0.5000 | 05015 | 0.5030 | 0.5045 | 0.5060 | 0.5075 | 0.5080 | 0.5105 | 0.5120 | 0.5135
30 cos 0 8660 | 0.B652 | 08643 | 0 B634 | 0 8625 | 0,8616 | 0.8607 | 0,8598 | 0.8590 | ©.8581
tan 0 5774 | 0.5797 | 0.5820 | 0 5844 | 0 5867 | 0.5890 | 0 5914 | 0.5938 | 0.5961 | ©.5985
sin 0.5150 | 0.5165 | 0. 5180 | 0.5195 | 0.5210 | 0.5225 | 0.5240 | 0.5255 | 0.5270 | 0 5284
31 cos 0 8572 | 0.B563 | 0 8554 | 0 8545 | 0,8536 | 08526 | D 8517 | 0 B508 | 0.8499 | ©.8490
tan 06009 | 0.6037 | 0 6056 | D 6080 | 0 6104 | 0.6128 | 0 6152 | 0.6176 | 0.6200 | 0.6224
sin 05299 | 0.5314 | 0 5329 | 0.5344 | 05358 | 0.5373 | 0.5388 | 0.5402 | 0.5417 | 0.5432
32 cos 0 B48O | 08471 | 0 8462 | 0 B453 | 0 B443 | 0 8434 | 0 8425 | 0 8415 | 0.8406 | 0.8396
tan 0 8249 | 0 6273 | 0 6297 | 06322 | 0 6346 | 063N 0 6395 | 0. 6420 | 0.64945 | 0.6469
| sin 0.5446 | 0 5461 | 0. 5476 | 0.5490 | 0 5505 | 0.5519 | 0.5534 | 0.5548 | 0.5563 | 0.8577
33 cos 0 8387 | 08377 | 0 8368 | 0. 83ss | 0.B34s | © 8339 | 0 8329 | 0.8320 | 0.8310 | 0.8300
tan 0,6494 | 0.6519 | 0 6544 | D,6569 | 0,6594 | 0 6619 | D 6644 | 06669 | 0.6694 | 0.6720

sin 0.5592 | 0 5606 | 0 5621 | 05635 | 0 5650 | 0.5664 | 0.5678 | 0.5693 | 0.5707 | 0.5721
34 cos 0.8290 | 08281 | 0.8271 | 0.8261 | 0 8251 | 0.8241 | 0,8231 | 0.8221 | 0.8211 | 0.8202
tan 06745 | D &771 | 0 6795 | 0 68D2 | 0 6847 | 0 6873 | 0 6899 | 0 6924 | 0.6950 | 0.6976
sin 0.5736 | 0.5750 | 0 5764 | 0. 5779 | 0 5793 | 0.5807 | 0.5821 | 0.5835 | 0.5850 | 0.5864
35 cos 0.8192 | D.B181 | 0.8171 | 0.8161 | 0.8151 | © 8141 | 08131 | 0.8121 | 0.8111 | 0.8100
tan 7002 | 07028 | 0.7054 | 0.7080 | 0.7107 | 0.7133 | 0,7159 | 0.7186 | 0.7212 | 0.7239
sin 05878 | 0 5892 | 0 5906 | 0 5920 | D 5934 | 0 5948 | 0 5967 | 0 5476 | 05000 | 0.6004
36 cos 0.8090 | D 8080 | 0.8070 | D 8050 | D.BC49 | O BO39 | O BO28 | O BOIE | 0.8007 | 0.7997
tan 0,7265 | 0.7292 | 0.7319 | 0.7346 | 0.7373 | 0.7400 | 07427 | 0,7454 | 0.7481 | 0.7508
sin 0.6018 | 0.6032 | 0.6046 | 0.6060 | 0. 6074 | 0.6088 | 0.6101 | 0.6115 | 0,6129 | 0.6143

37 cos 0.7986 | 0.7976 | D.7965 | 0.7955 | D.7944 | 0.7934 | 0.7923 | 0.7912 | 0.7902 | 0.7891
tan 0.7536 | D.7563 | 0.7500 | 0.7618 | O 7646 | 0.7673 | 0 7701 | 0.7729 | 0. 7757 | 0.7785
sin 0.6157 | 0.6170 | 0.6184 | 0,6198 | 0.6211 | 0.6225 | 06239 | 0.6252 10,6256 | 0 6280
38 cos D 7880 | 0.7869 | 0.7839 | 0.7848 | 0.7837 | 0.7826 | 0.7815 | 07604 0.7733 | 0.7782
tan 0.7813 | 0.7841 | 0.7869 | 0.7898 | 0.7926 | 0.7954 | 0.7983 | 0 8012 08040 | 0.B069
sin 0,6293 | 0.6307 | 0.6320 | 0.8334 | 0.6347 | 0.6361 | 06374 | 0 6388 | 0 6401 | 0 6414
39 cos 07771 | 0.7760 | 0 7749 | 0.7738 | 07727 | 0.7716 | 0.7705 | 0.7694 | 0 7683 | 0.7672
tan 08098 | 0.8127 | 0.815 | 0.8185 | 0.8214 | 0.8243 | 0.8273 | 0.8302 | 0 8332 0.8361
sin 0.6428 | 0. 6441 0.6455 | 0 6468 | 0.6481 | 0.6434 | 0 6508 | 0.6521 | 0.5534 | 0.6547
40 cos 0.7660 | 0.7649 0.7638 | 0.7627 | 0.7615 | 0.7604 | 07593 | 0.7581 | 0.7570 | 0.7559
tan 0.8361 | 0.8421 | 0.8451 | 08481 | 08511 | 0.8541 | 0.8571 | 0.8601 | 0.8632 | O B662
sin 0. 6561 06574 | 0. 65687 | 06600 | 0.6613 | 0.6626 | 0.6639 | 0 6652 0.6665 | 0.6678
41 cos U.7547 | 0.7936 | 0.7524 | 0.7513 | 0.7501  0.7490 | 0.7478 | 0.7466 | 0.7455 | 0.7443
tan 0.8693 | 0.8724 | 0.8754 | 0.8785 | 0.8816 | 0,8847 | 0.8878 | 0.8910 | 0.89%41 | 0.8972
sin 0.6661 | 0.6704 | 06717 | 0.6730 | 06743 | 0.6756 | 0.6760 | 0.6782 | 06794 | 0 6807
42 cos 0.7431 | 0.7420 | 0.7408 | 0.7396 | 0.7385 | 0.7373 | 0.7361 | 07349 | 0.7337 | 0.7325
tan 0.9004 | 0 9035 | 0.9067 | 0.9099 | 0.9131 | 0.9163 | 0.9195 | 0.9228 | 0.9260 | 0.9293
sin 0.6820 | 0 6833 | 0.6845 | 0.6858 | 0.687) | 0.6884 | 0.6896 | 0.6909 | 0.6921 | 0.6934
43 cos 0.7314 | 0.7302 | 0.7290 | 0.7278 | 0.7266 | 0.7254 | 0.7242 | 0,7230 | 0.7218 | 0 7206
tan ©.9325 | 0.9358 | 0.9391 | 0.9424 | 0.9457 | 0.9400 | 0.9523 | 0 9556 | 0.9580 | 0 9623
sin 0.6947 | 0.6959 | 0.6972 | 0.6984 | 0.6997 | 0.7009 | 0.7022 | 0 7034 | D.7046 | 0.7059
44 cos 0.7193 | 0.7181 | 0.7169 | ©.7157 | 0.7145. | 0.7133 | 0.7120 | 0.7108 | 0.7096 | 0.7083
tan 0.9657 | 0.9681 | 0.9725 | 0.9759 | 0.9793 | 0.9827 | 0.9861 | 0.9896 | 0.9930 | 0.9965

Degs. | Function 0’ €' 12 18" 24 30 36’ 42° 48’ 54’
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ALLIED"S ELECTRONICS DATA HANDBOOK

Natural Sines, Cosines, and Tangents—(Continved)

o o
45°-59.9
Degs. | Fumction 0.0° 0.1° 0.2 0.3° | oA 0.5° 0.6° 0.7" 0.8° 0.9°
sin 0.7071 | 0.7083 | 0.7096 | 0.7108 | 0.7120 | 0:7133 | 0.7145 | 0. 7157 | 0.7163 | 0.7181
45 cos 0.7071 | 0.7059 | 0.7046 | 0. 7034 | 0. 7022 | U.7009 | 0. 6997 | 0 6984 | 0.6972 | 0.6959
tan 1.0000 | 1.0035 [ 1.0070 | 1.0105 | 1.0041 [ 10176 | 1 0212 | 1.0247 | 1.0283 | 1.0319
sin 0.7193 | 0.7206 | 0.7218 | 0.7230 | 0.7242 | 0.7254 | 0. 7266 | 0.7278 | 0.7200 | 0 7302
46 cos 0.6947 | 0.6934 | 0.6921 | 0.6909 | 0.6896 | 0.6884 | 0 6871 | 0.6858 | 0. 6845 | 0.6833
tan, 1.0355 | 1,0392 | 1.0428 | 1 0464 | 1.0501 | 1.0538 | 1.0675 | 1.0612 | 1.0649 | 1 D686
sin 0.7314 | 0.7325 | 0.7337 | 0.7349 | 0,7361 | 0.7373 | 0.7385 | 0.7396 | 0.7408 | 0.7420
47 cos 0.6820 | 0.6807 | 0.6794 | 0 6782 | 0 6769 | O 6756 | 0 6743 | 0.6730 | 0 6717 | 0 6704
tan 1.0724 | 1,0761 | 1.0799 | 1.0B37 | 1.0875 | 1.0913 | [.0951 | 1,0090 | 1.1028 | 1,1067
sin 0.7431 | 0.7443 | 0.7455 | 0.7456 | 0.7+78 | 0,7490 | 0,7501 | 0.7513 | 0.7524 | 07536
48 cos 0.6691 | 06678 | 0.6665 | 0.6652 | 0.6639 | 0.6626 | 06613 | 0.6600 | 0.6587 | D 6574
tan 11106 [ 11145 | 11184 | 1,1224 | 1.1263 | 1.1303 | 1.1343 | 1,1383 | 1.1423 | 1.1463
sin 0.7547 | 0.7559 | 0.7570 | 0.7581 0.7683 | O.7604 | O0.7615 | 0.7627 | 0.7638 0.7649
49 cus 0.6561 | 06547 | 0.6534 | 0.6521 | 0.6508 | 0.6494 | 0.6481 | 0. 6468 | 0.6455 | 0.6441
tan 1.1504 | 1,1544 | 11585 | 11626 | 1,1667 | 1.1708 | 11750 | 1,1792 | 1,1833 | |, 1875
sin 0.7650 | 0.7672 | 0.7683 | 0.7694 | 0.7705 | 0.7716 | 0.7727 | 0.7738 | 0.7749 | 0.7760
50 cos 0.6428 | 0 6414 | 0 6401 | 0 6388 | 0 6374 | 0 6361 | 0 6347 | 0.6334 | 0 6320 | 0 B307
tan 1.1918 | 1,1960 | 1.2002 | 1.2045 | 1.2088 | 1.2131 | 1.2174 | 1.2218 | 1.2261 | 1.2306
sin Q.7T77) | 07762 | 0.7793 | 0.7804 | 0.7815 | 0.7826 | 0.7837 | 0.7848 | 0.7859 | 0 7868
51 cos 0.6293 | 0.6280 | 0.6266 | 0.6252 | 0.6239 | 0.6225 | 0.6211 | 0.6198 | 0.6184 | 0.6170
tan 1.2349 | 1.2393 | 1.2437 | 1.2482 | 1.2527 | 1.2572 | 1.2617 | 1.2662 | 1.2708 | 1.2753
sin 0.7880 | 0,7891 | 07902 | 0.7912 | 0.7923 | 0.7934 | 0,7944 | 0.7955 | 0 7965 | 0 7976
52 cos 0.6157 | 0.6143 | 0.6129 | 0.6115 | 0.6101 | 0.6G088 | 0.6074 | 0.6060 | O 6046 | 0 6032
tan |.2799 | 1.2846 | 1 2892 | 1.2938 | 1.2985 | 1.3032 | 1.3079 | 1.3127 | 1.3175 | 1.3222
sin 0.7986 | 0.7997 | 0 8007 | 0.BO18 | 0.8028 | O.803% | 0 8049 | 0.8059 | O BO70 | 0.8080
53 cas 06018 | 0.6004 | 0.5990 | 0.5976 | 0.5962 | 0.5948 | 0.5%34 | 0.5920 | 0.5906 | D.5H92
tan 1.3270 | 1.3319 | 1.3367 | 1.2416 | 1.3465 | 1.3514 | 1.3564 | 1.3613 | 1.3663 | 1.3713
sin 0,8050 | 0.8100 | 0.B111 | 0.8121 | 08131 | 08141 | 08151 | 0.8161 | O.BI7) | D.BI8Y
54 cos 0.5878 | 0.5864 | 0.5850 | 0.5835 | 0.5821 | 0.5807 | 0.5793 | 0.5779 | 0.5764 | D.5750
tan 1.3764 | 1.3814 | 1 3865 | 1.3016 | 1.3968 | 1.4019 | 1.4071 | 1.4124 | 1. 4176 | 1 4229
sin 08192 | 0.8202 | 0,821 | 0.8221 | 0.8231 | 0.8241 | 08251 | 0.8261 | 0.B271 | D 8281
55 cos 0.5736 | 0.5721 | 0.5707 | ¢.5683 | 0.5678 | 0.5664 | 0.5650 | 0.5635 | 0.5621 | 0.5606
tan 1.4281 | 1.4335 | 1.4388 | 1.4442 | 1.4496 | 1.4550 | 1.4605 | 1.4650 | 1.4715 | 1.4770
sin 0.8290 | 0.8300 | 0 8310 | 0.8320 | 0 8370 | 08330 | 0.8348 | 0.8358 | 0 8363 | 0 8377
56 cos 0.5502 | 0.5577 | 0.5563 | 0.5548 | 0.5534 | D 5519 | 0.5505 | 0.5400 | 0.5476 | 0 5461
tan 1.4826 | 1.4882 | 1.4933 | 1.4934 | 1.5051 | 1.5108 | 1.5166 | 1.5224 | 1.5282 | 1.5340
sin 08387 | 0.8396 | 0 8405 | 0 B415 | 08425 | 0 8434 | 0 8443 | 08453 | O BAGZ | U BATT
57 cos 0.5446 | 0.5432 | 0 5417 | 0.5402 | 0.5388 | O 5373 | 0.53658 | 0.5344 | 0 5329 | 0.5314
tan 1.5399 | 1 5488 | 1 517 | 1.6577 | 1 BR7 | 1 B6G7 | 1 5757 | 1 5818 | 1 588D | 1.5041
sin 0.B480 | 0.8490 | 0.B499 | (1 BS08 | 08517 | 0. 8526 | 0.8536 | 0.6545 | 0.855% | 0.B563
58 cos 0.5289 | 0.6284 | 0.5270 | 05255 | 0.5240 | 0,5225 | 0. 5210 | 0,515 | 0.5180 | 0.5165
tan 1.6003 | 1.6066 | 1,612B | 1.6191 | 1.6255 | 1.6319 | 1.6383 | 1.6447 | 1.6312 | 1 B5677
sin 0 B572 | 0 8581 | 0 859D | 0 8598 | 0 AROT | O BA16 | D BA2S | 0 BA4 | O BA&43 | O 8652
59 cos 0.5150 | 0.5135 | 0.5120 | 0.5105 | 0.5090 | 0 6075 | D.5060 | 0.5045 | 0.5030 | 0.5015
tan 1.6643 | 1.6709 | 1.6775 | 1.6842 | 1.6909 | 1.6377 | 1.7045 | 1, 7113 | 1. 7182 | 1 7251
Degs. | Function o 6’ 12 i8" 24’ 30° 36" 42’ A8 54’
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ALLIED'S ELECTRONICS DATA HANDBOOK

Natural Sines, Cosines, and Tangents—(Continved)

o o
60°-74.9

Degs. | Function = 0.0° | 0.1° | 0.2° | 03 | 04" | 0.5 | 0.6 | 0.7° 0.8 0.9°
iin 0.BESO | 0 B5EQ | O 8678 | 0.8686 | 0.8695 | 0 8704 | 0.8712 | 0.8721 | 0.8729 | 0 8738
60 cOS 0.5000 | 04585 | 0. 4470 | 04955 | 0.4939 | D.4524 | 0.4909 | 0.48%4 | 0. 4879 0. 4863
il 1.7321 | 1.7391 | 1.7461 | 1.7532 | 1.7603 | 1.7675 | 1.7747 | 1.7820 | 1.7893 | 1.7966

sin 0.8746 | 0.8755 | 08763 | 0,8771 | 0.B780 | 0 8788 | 0,8796 | D.BBOS | 08813 | 0.8821
61 cos 0.4848 | 0.4B33 | 04818 | 0.4B02 | 0. 4787 | 0 4772 | 0 4756 | 04741 0.4726 | 0.4710
R 1.8040 | 1.8115 | 1.8190 | 1.8265 | 1.8341 | 1.8418 | 1.8495 | 1.8572 | 1.8650 | 1 8728
sin 0.8829 | 0.B838 | 0.BE46 | 0.8854 | 0.8862 |  BETO | 0.887A | 0.BBE6 | 0 8894 | 0.3902
62 e 0.4695 | 0.4579 | 04664 | 0 4648 | 0.4633 | 04617 | 0.4602 | 0.4586 | 0.4571 | 0.4555
tan 1.8807 | 1.8887 | 1.8967 | 1.9047 | 1.9128 | 1.9210 | 1.9292 | 1.9375 | i 9458 | 1.9542
i 0.8910 | 08318 | 0.8926 | 0.8934 | 08042 | 0 8949 | 0.8957 | O.BSES | 0.BO73 0 .8080
63 i 0.4540 | 0.4524 | 0.4509 | 0.4493 | 0.4478 | 04462 | 04446 | 0.4431 | 0.4415 | 0.4399
tan 1.9626 | 1.8711 | 1.8797 | 1.9863 | 1.9970 | 2.0057 | 2.0145 | 2.0233 | 2.0323 | 2.0413

|

T 0,8988 | 0 8996 | 0.9003 | 0.9017 | 09018 | 09026 | 0.9033 | 0.9047 | 09048 | 0,9056
64 cos 04384 | 0.4368 | 0 4352 | 0 4337 | 0 4321 | 0 4305 | 0 4280 | 04274 | 04958 0 4242
I, 2.0503 | 2.0594 | 2.0686 | 2.0778 | 2.0872 | 2 0085 | 2.1060 | 2.1156 | 2.1261  2,1348
sin 09063 | 0.9070 | 0.9078 | 0.9065 | 0.9092 | 0.9100 | 09107 | 0.9114 | 09121  0.9128
65 st 04226 | 04210 | 0 4195 | 0.4179 | 0.4163 | 0.4147 | 0.4131 | 0.4115 | 0.4099 | 0 4083
Gt 21445 | 2.1543 | 2.1642 | 21742 | 2 1842 | 2.1643 | 2.2045 | 2 0148 | 2.2251 | 2,235§
A 0.9135 | 0.9143 | 0.9150 | 0.9157 | 0.9164 | 0.9171 | 0.0178 | 0.9184 | 0.9191 | 0 2198
66 cOSs 0 4067 | 0. 4051 O 4035 | 0_.4019 | 0 <4003 | 0, 3587 | 0.3971 0.3955 | 0,3939 0.3923
tan 2.2460 | 2.2566 | 2.2673 | 202781 | 22889 | 2.2993 | 2.3109 | 2.3220 | 2.3332 | 2 3949
sin 09205 | 0.9212 | 0.9219 | 0.9205 | 0,9237 | 0.9939 | 0.9245 | 0 9252 | 0.9250 | 09265
67 e 0.3907 | 0. 3891 | 0 3875 0.3859 | 0.3843 | 0 3827 | 0.3811 | 0.3795 | 0.3778 | 0 3762
tan 2:3650 | 2.3673 | 2.3789 | 2.3906 | 2,4023 | 2.47402 | 2.4262 | 2.4383 | 2.4501 24627
sin 0.9272 | 0.9278 | 0.9285 | 09291 | 09298 | 03304 | 0.9311 | 0.9317 | 0.9323 | 0 9330
68 e 0.3746 | 0.3730 | 0.3714 | 0.3697 | 0.3681 | 0.3665 | 0.3649 | 0.3633 | 0.3616 | 03600
“a 2.4751 | 2.4876 | 2.5002 2.5129 | 2.5257 | 2.5386 | 2.5517 | 2.5649 | 2.5782 | 2 5916

sin 0.9336 | 09342 | 09348 0.9354 | 0.9361 | 09367 | 0.9373 | 0 9379 | 0.0385 | 0 9391

69 cos 0,3584 | 0.3567 | 03557 | 0.3535 | 0.3518 | 0.3502 | 03486 | 03969 | O 3453 | 0.3437
by 2.6051 | 2.6187 | 2.6325 2.5464 | 2.6605 | 2.6746 | 2.6689 | 2.7034 | 2.7179 | 2.7326

sin 09397 | 09403 | 0.9409 0.9415 | 0.9421 | 09426 | 0.9432 | 0.9438 | 0 9444 | 0 9449

70 e 0.3420 | 0.3404 | 0,3387 | 0.3371 | 0 3355 | 0 3338 | 0,3322 | 0.3305 | 0.3280 | 0 3272
S 2.7475 | 2,765 | 2.7776 | 2.7029 | 2.8083 | 2.803% 2.8307 | 2.8556 | 2.8716 | 2.8878
sin 0.9455 | 09461 09466 | 0 9472 | D978 | 09483 0. 9489 | 09494 | 0 9500 | D 9505
rél o 0 3756 | 0.3239 | 0.3223 | 0.3206 | 0.3190 | 0.3173 0.3156 | 0 3140 | 0 3123 | 03107
PG 2.9042 | 2.9208 | 2.0375 | 2 9544 | 2.9714 | 2.9887  3.0081 | 3.0237 | 3.0415 | 3.0595
sin 09511 [ 09516 | 0.952) | 0.9527 | 0.9532 | 0.9537 | 0.9542 | 0. 9548 | 0 9553 | 0 9558
72 cos 0.3090 | 0,3074 | 0.3057 | 0.3040 | 0,3024 | 0,3007 | 0.2990 | 0.2974 | 0.2957 | 0 2940
tan 3.0777 | 3.0967 | 31146 | 3.1334 | 3.1524 | 31716 | 3.1910 | 3.2106 | 3.2305 3.2506
sin 0.9563 | 0.9568 | 0.9573 | 0 9578 | 0 9583 | 0 9588 | 0.9593 | (. 9588 | O 9603 | D 9608
73 cos 0.2024 | 0.2907 | 0 2850 | 0.2874 | 0.2857 | 0 2840 | 0.2823 | 0.2407 | 0 2790 | D 2773
| tan 3.2709 | 3.2914 | 3.3122 | 3.3332 | 3.3544 | 3.3759 | 3.3977 @ 3.47197 | 3.4420 3 4646
sin 0.9613 | 09617 | 0.9622 | 0 9627 | 0 9632 | 0.9636 | 0.9641 | 0.9646 | O 9650 | 0 9655
74 cos 0.2756 | 02740 | 0 2723 | 0. 2706 | 02689 | 0.2672 | 0.2656 | 0 2639 | 0 2622 | D 2605

|

tan 3 4874 | '3 5105 | 3 5339 | 3 5676 | 3 RBIG | 3 BOAY | 3 A305 | 3. 6554 | 3.6806 | 3.7062

Degs. Function | 0O 5 Vg 18 1y 30 36 az as 54’
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Natural Sines, Cosines, and Tangents— (Continued)

o o
75°-89.9
Degs. | Function | 0.0° | 04° | 0.2° | 03" | 04° | 05° | 08 | 0.7 08" | 09"
sin 09659 | 0.9664 | 0 9668 | 09673 | 0.9677 | 09681 | 0 9686 | 0.9690 | 0.9594 | 09699
75 aok 0.2588 | 0.2571 | 0,2554 | 0.2538 | 0.2521 | © 2504 | 0.2487 | 0.2470 | 0.2453 | 0 2436
Ean 3.7321 | 3.7583 | 3.784a | 3.8118 | 3.8391 | 3 8667 | 2 8947 | 3.9232 | 3.9500 | 39812
sin 0.9703 | 0.9707 | 0.9711 | 0.9715 | 0.9720 | 0 9724 | 0 9728 | 0.9732 | 0.9736 | 0.9740
76 cos 0.2419 | 0.2402 | 02385 | 0.2368 | 0.2351 | 02334 | 0.2317 | 0.2300 | 0 2284 | 0.2267
tan 40108 | 4.0408 | 4.0713 | 41022 | 4.1335 | 4 1653 | 4.1976 | 4.2303 | 4,2635 | 42972
sk 04744 | 0 6748 | 0 9751 | 0.9755 | 0.6759 | 0 9763 | 0.9767 | 0.6770 | 0.9774 | 0.9778
17 . 0.2050 | 0.2232 | 0.2215 | 0.2198 | 0.2181 | © 2164 | 0.2147 | 0.2130 | 0.2113 | 0.2096
tan 4.3315 | 4.3662 | 4 40715 | 4. 4374 | 4.4737 | 4.5107 | 4.5483 | 4.5864 | 94,6252 | 4 6646
sin 0.9781 | 0.9785 | 0 9789 | 0,979 | 0. 9796 | 0 9799 | 0.9803 | 0. 980G | 0 9810 | 0 9813
78 perl 0.2079 | 0.2062 | 02045 | 0 2028 | 0.2011 | © 1992 | 01977 | 0.1959 | 0 1342 | 0,7925
Ean 4.7046 | 47453 | 4 7867 | 4 828R | 4 6716 | 4 8152 | 4 8594 | 50045 | 50504 | 5.0070
sin 09816 | 09820 | © 9823 | 0.9826 | 0.5829 | 0 9833 | 09836 | 0.9839 | 0.9842 | 0 9845
79 cos 0.1908 | 0.1891 | 0 1874 | 0.1857 | 0.1840 | 0 1822 | 01805 | 01788 | 0.1771 | 01754
tan 5.1446 | 5.1920 | 5 2422 | 5.2924 | 5.3435 | 5 3955 | 5.4486 | 5.5006 | 5.5578 | 5.6140
. 0.9848 | 0.9B51 | 0 9854 | 09847 | 0.9860 | D 9863 | 0 9866 | O 9869 | 0 9871 | D.G874
80 cos D.1736 | 01719 | 0 1702 | 0,1686 | 0.1668 | 0, 1550 | 0.1633 | 01616 | 0,1589 | 0. 1582
tan 5.6713 | 5.7297 | 57894 | 5.8502 | 5.9124 | 5.9758 | 6.0405 | 6.1066 | 6 1742 | 6.2432
sin 0.9877 | 09880 | 0.9882 | 0.0885 | 09888 | 0 9390 | D.9893 | 0.9895 | 0 9898 | O 9900
81 cos 01564 | 0 1547 | 0,1530 | 0 1613 | 0 1495 | 0.1478 | 0. 14B1 | 0.1444 | 0.1426 | 0 1409
tan 5.3138 | 6,3850 | 6,4506 | 5.5350 | 6 6122 | 6.6012 | 5.7720 | 6 8548 | 6 9395 | 7 (1764
sin 0.9903 | 09905 | 0.9907 | 0.9910 | 0 9912 | 09914 | 0 9917 | 0.9919 | 0.9921 | 0 9923
82 cos 01392 | 0.1374 | 01357 | 0.1340 | 0 1323 | 0 1305 | D.1288 | 01271 | 0.1253 | 0,1236
tan 71154 | 7.2066 | 7.3002 | 7.2962 | 7.4947 | 7.6958 | 7 6906 | 7.8062 | 7 9158 | B 0285
iR 0.9925 | 0.9928 | 0.9930 | 0.9932 | 0.9934 | 0.9336 | D 9538 | 0.9940 | 0.8942 | 0 9943
83 cos 0.1219 | 0.1201 | 0.1184 | 01167 | 0.1149 | 0.1132 | 0.1115 | 0 1087 | D.1080 | 01063
tan B.1443 | £,2636 | B.3863 | B.5126 | 8. 6427 | 8 7769 | 8.9152 | 9 0579 | 9.2052 | 9.3572
sin 09945 | 0.9947 | 0 9949 | 0.9851 | 0.9952 | 0.9954 | 0.9956 | 0.9957 | 0.9959 | 0 9360
84 cos 01045 | 0 1028 | 0 1011 | 0.0%93 | 0 0976 | 0.0958 | 0.0941 | 0.0924 | 0.0906 | 0,0289
tan 89,6144 | 9 6768 | 9. 8448 1002|1020 10,39 [10.58 [1078 [to.e8 |1120
sin 0.9962 | 0 9963 | 0.9965 | 0 9966 | 0.9968 | 0.9969 | 0.9971 | 0.9972 | 0 993 | 0. 9974
85 cos 0.0872 | 0.0854 | 0.0837 | 0 0819 | 0 OHGZ | D.UF8S | L WIB7 0 0750 | 0.0732 | D.0715
tan 1143 [11.86 (1181 1216 1243|1271 [13.00 1330 (1362 [13.95
sin 0.0976 | 0.6977 | 0.0978 | D.9979 | 09930 | 0.9981 | 0 9982 | 0.99B3 | 0. 0984 | 0.9385
86 cos 0 0698 | 0 0680 | 0-0663 | 0.0645 | 0 0626 | 0.0610 | 0 0503 | 0 0576 | 0.0558 | 0.0591
tan 14_30 14 .67 1506 15 46 15,89 16, 35 16 B3 17.34 17.89 18 46
sin ©.9986 | 0 6937 | 0 5988 | 0 9989 | 0.9990 | 0.9990 | 0 9991 | 0 9992 | 0 9993 | 09993
87 cos 0.0523 | 0,0506 | 0 0488 | 0.0471 | 0 D454 | D 0436 | D 0415 | D 0401 ¢.0384 | 0.0366
tan 1908 19,74 |45 (2120 [e2.02 (22,90 (23 8 (2490 (26 03  [27.27
sin 09994 0 9995 | D.9985 10,9996 | 09996 | 0.9997 | 0 9997 | 0.9997 | 0 9998 | 0.9998
88 cos 0.0349  0.0332 | 0.0314 | D.0297 | 0.0279 | 0 0262 | O 0244 | 0.0227 | 0.0209 | 0.0192
tan (2864 3014 |31 82 (3369 (36580 [38.19 |40 92 [4407 |47.74  |52.08
sin 0.9998 | 0.9999 | 0,9999 [ O 9999 0. 9999 1,000 1000 1 000 1.000 1.000
89 cos 0.0175 | 0.0157 | 0.01¢0 | 0 0122 | D.0105 | ©.0087 | 0.0070 | 0 0052 0.0035 | 0.0017
tan 57 29 6356 71.62 B1 8D 95,49 114 .6 143.2 191.0 286.5 573.0
|
|
Degs. | Function o &' 12’ 1sg’ 24 3o’ 36’ 42' 48’ 54/
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