CAPACITORS
MICA DIELECTRIC

RETMA STANDARD REC-115A

RESISTORS
FIXED COMPOSITION
RETMA STANDARD REC-116
MILITARY STANDARD MIL-R-11A

Digits of ! TR ?“zg;iﬁ-?f | . Tolerune

Colar Resistance Multiplier | o7 ® Calor ':J'_p s Class Multiplier HEETine

{ohms) [ () tance (55
. | (puf)

o Black 0 A 1 =20
g]: :;\l\ = {l' 1 (1 ) Brown 1 B 10 —

Red > 106 = Red 2 C 100 =9
T g i - Orange 3 D 1000 =3
Y_e‘flo?f\__ p i000 Yellow 4 I 10,000 . —

L ' " - . . Ty
Green 5 100,000 - oo s _ > e 4
Blue 6 1,000,000 = Violet " o
Violet 7 10,000,000 — G K I - -
Gray ] 100,000,000 — W ¥ 5
White 9 e = ik . e -
Gold — | (.1 =0 SJ-?, I o 0.C | o
Silver = | 001 =10 R ' . S

‘o colar — — =9, . §
T¥aipeie! . = DESCRIPTION OF CLASS
L} i B e — —— —

| Tenperature [ .ﬂrff?d‘!'m T
Class | Caefliciesnt Muximiwm Capacitance | dmsulation
s | { parls per Prritt | Resistawes
| millicn per %) | {megahms)

A 1000 (5% +1 pal) . 3000

¢ 2300 e T 2000

. 3 5 : <5 g pt) B!

INSULATION CODING L[“) +tﬂ(r}[?1m’}u = (1}, —1—81 Jx#i] | ggg[ﬁ]

RETMA: Insulated fixed composition resistors I F130 50 : 3¢ 1 2 ﬁﬁf% 6000
with axial leads are designated by a background of I +100 =50 L (0.2% +0.2 ppf) 6000
any color except black. The usual color 18 natural
tan. Noninsulated fixed composition resistors with c
a0 B s gl sl - < e u l  ad g MINIMUM VALUE OF Q ;
axial leads are designated by a black background - st
color, : 1] S = 238

MILITARY (MIL): Insulated resistors are desig- i I 1l b
nated by a background of any color except black. 04 i e
The usual color 15 natural tan. Noninsulated resis- e ]
tors with axial leads are designated by a black back- T **
ground color. Noninsulated resistors with radial oo |1 - - ;i:i‘:'!-::f): 4 zo0
leads are designated by & black backpround color or 1 VALUE SHOWH
by a background the same color as the first signifi- _ | e et
cant figure of the resistance value, iy 4 8 sa3gwexn 8 588888

NOMINAL CAPAGITAMGE -
VOLTAGE RATING
{Indicated by dirnensions rather than color coding)
.-‘Irifaxfmrr.?.vr Pimu-mima.\' ‘ Vol

hes &t S ollage
SR (enches) Stde i ufzactig:irn’ | Riline
Leneth Wid by 57 g Heh iy dec)

Lengt fdth Thickness

= " i P 5510 500
5444 e Ve 2 560-1000 300
. T o B 51000 500
AL (i 1764 Wiz V2 48 L1D0-1500 300
. T s EY 5 30 1706200 560
Ist DIGIT MULTIPLIER by 784 #32 Over G200 L 300
T, 52 . 4 33006200 500
Yo | %% | Gverp200 300
e - 100 2400 1000
L V5a iy kg, 10 2T00-7 300 HO0
: ¥ i Over 7500 | 300
208 DIGIT  TOLERANGE

56 ohms =10%

RADIAL LEADS (OBSOCLETE)

(Bee example wnder MIL-C-5A}

SILVER MICA BUTTON
CAPACITORS [5-DOT)

EXAMPLES

SILVER MICA BUTTON
CAPACITORS (6-DOT)

Ist DIGIT TOLERANCE
: CLASS —— CLASS —— .
) ——1st BIGIT
TOLERANGE ~ R TOLERANCE" ~2nd DIGIT
2 MULTIPLIER By MULTIFLIER = e
] ¥ b ~2nd DIGIT ~3rd DIGIT

z.in'amsw 'MULT\IF'LIER
4700 ohms =10%,

250ELA

ECB-166

9

700 ppt = 5%, Class C

1320 ppf =+ 2.%, Class E



CAPACITOR

CAPACITORS
MICA DIELECTRIC

MILITARY STANDARD MIL-C-5A

Digits of '
. Capaci- Charac Akt Polerance
ol 3 el b we
Caios fance lerisitic plier feen
{penf)
Black () A | | =:5)
Brown 1 B 10 —
Red 2 = 100 =9
Orange 3 1 0N
Yellow 4 108 — =
(Gireen 5} F — —
Blue [ £ Cr = =
Violet | 7 ==
Gray 8 = ==
\V:hii-e 9 — =
Gold - 0.1 =5
Silver == (L1 =1()
DESCRIPTION OF CHARACTERISTIC
Tewperature Mintanom
Clrarac- | Coefficiemnt Maximnm Copecilance | Insulation
terisiie (puris per Iridi Resistasice
‘ meEllion per 70 {megolims}
| I .
B Notgpecified Naot speetfied 7500
£ =+ 200 =055 700
D 100 = A 7500
E | L0 —20 (0.15 40,1 el 7500
F | |7 SN, 001 put) TH00
Q MINIMUM VALUE OF @
3000
000
(1] | \\
" // \
- y
o, B | Y
] N\
i | N
CRERERE 1 i §
MOMINAL CAPACITY, sputd , AT | MEGACYCLE
VOLTAGE RATING
{Indicated by dimensions rather than color coding)
M ; > Diwiénisioas = S ET
P D St | Capatinee | Voles
T &M Gl (v doe)
Lengtlh Width | Thickness | % A
B | s T 5 5310 300
i P . 5510 |7 ADD
M | e | R 20 560-1000 500
T s | T 51-1000 500
5344 Yy 30 603300 SO0
5 5 = AB00-62010 500
iz - 6300 10,000 300
= . o i [ 300-8200 T 500
i '52 01 gloocoo00 | 300
EXAMPLE
6-DOT CODE

BLACK MEANS  1st DIGIT  2nd DIGIT
MICA | 5

CHARACTERISTIC TOLERANGE MULTIPLIER
510 upf + 2%, Characteristic €, 500 v {Style 20)
The arrangenieat, of dots r RETMA Standard RED-115A

is the same as in the example above, The only difference is that
the Gest dat is whife instead ol Blgck,

AND RESISTOR COLOR CODE CHART

CAPACITORS
MICA DIELECTRIC

OBSOLETE STYLES

|
Ihgits of g
ol Capuci- | Mudti- Talerance Tf“{'*’f”‘.g
ooy i i Rating
tanee | plier (5] g
y 4 (¢ d-&)
fpgfl | .
Black 4] I £ 20) -
Brown 1 L0 = 10H)
Red 2 100 =32 20H)
Orange 3 1000 =3 S0}
Yellow 4 1000 e 400
Green 5 | — =5 ol
Blue 53 =6 600
Violet 7 - 7 700
Grrey | 3 | - - | =3 | SO
White | 9 — | =Y G
(Gold | | 0.1 L H¥ LATAIA]
Silver | — | 0.01 == 1) 2001}
No color — | — L O+ BO0*
#(d B-dat only.
EXAMPLES
&-DOT CODE

Ist DIGIT 2nd DIGIT 3rd DIGIT

VOLT.;GE TOLER‘:\\NGE MULT}PLIEH
1320 puf = 2%, 500 v

- 3-DOT CODE _
Ist DiGIT 2nd DIGIT MULTIPLIER

50 ppf
iVoitage rating is always 500 v;

tolerance is always 20905

3-DOT CODE (OLD RMA)

Ist DIGIT Znd DIGIT MULTIFLIER
\ ‘

.
) TOLERANGE
47 wuf
(Voliape rating 1s alwa
tolerance i ¢

GENERAL @D ELECTRIC

SCHENECTADY, NEW YORK

COMPLIMENTS OF BROADCAST EQUIPMENT



CAPACITORS
CERAMIC DIELECTRIC
RETMA STANDARD REC-107A

| Tolerance

| Digats of

| Cuapaci- Multi-

MILITARY STANDARD MIL-C-20A

Temperature Coeflicient
| (parts pér million per °C)

Color \ 10 wuf Orer -
anee | Cplier | G LA | Gy [ —

J) (wul) (6%) ,! RETMA MIL

R —" - [ N || (. | T
1 ,
Black 0 | 1 =32 £ 20 0 i
Brown 1 | 10 =().11 Sl —33 =30
Red 2 100 - =3 — 75 -80)
Orange 3 100K =9 51 —150 — 150
Yellow i 10,000 — . . | —22() —220
Green 5 — #+().5 +=5 —330 — 330
Blue § == = —470 — 470
Vielet | 7 — — — =750 —750
Gray ] (01 | *0.25 - +150t0— 1500  +30
White 4 0.1 1.0 +=10 + 1600 to =750  — 380
Gold - : e — ‘ — 4+ 100
TRETMA only,
EXAMPLES

TUBULAR CAPACITORS

(st DIGIT  ‘2nd DIGIT

TEMP. GOEFF.  MULTIFLIER  TOLERANGE
2200 puf = 5%, O temperature
coefficient

(Voltage rating is always 500 v.)
TUBULAR CAPACITORS {OLD RMA)

TEMP, C\OEFF. MULT’IPLIER 3rd [%[C'.T

—CHNIIO-

e " S
TOLERANGCE st DIGIT 2nd DIGIT

4700 paf = 2%, O temperoture
eoefficient

STAND-OFF CAPACITORS {ﬁETMA ONLY)

Ist DIGIT
X

MULTIPLIER
A /

. i b A, .

2nd DIGIT TOLERANGE

‘250 puf = 5%, 0 temperature
coefficient

TEMP. COEFF

3-DOT BUTTON CAPACITORS (RETMA ONLY)

2nd DIGIT —— ——
T

ist DIGIT— — — — MULTIPLIER

1000 - uuf

FEED-THROUGH CAPACITORS (RETMA ONLY)

220 puf = 5%, O temperature
coefficient

5.DOT DISC CAPACITORS (RETMA ONLY)
_2nd DIGIT
=-MULTIPLIER
-TOLERANGE

1500 puf = 5%, —75 temperature
coefficient
(Voltage rating is always 500 v.)

3-DOT DISC CAPACITORS (RETMA ONLY)

st DIGIT~ Swo-2nd DIGIT
; MULTIPLIER

{ |

\

(Voltage rating s
tolerance - always —0.)




GEI-18964E

CAPACITORS
PAPER DIELECTRIC

MILITARY STANDARD MIL-C-91A
(Commercial codes are same except as noted)

i 7
I Digits | Tem-
[ af . s Toler- | Voltage - perit-
Color | Capaci- I;E:f:' ance | Rating® (;g{i:ﬁ,i | ture
| tance : (%) (v d-c) & Rating
(maf) 0
Black 0 1 +90) — A 85
Brown 1 10 == 100 E 85
Red 2 100 == 200 = =
Orange 3 1000 =30 300 —= =
Yellow 4 10,000 — 400 — —
Green 3 — = 500 —- —
Blue 6 = — 600 = =
Vinlet 7 - — 700 - -
Gray 8 - — 500 == —
White 9 — — 900 — —
Gold == = i 1000 —
Silver = — ] *10 | =— — -
*Tubular capacitors enly; for rectangular capacitors see table helow.
VOLTAGE RATING FOR RECTANGULAR CAPACITORS
(Indicated by dimeénsions rather than eolor cading)
Muazximum Dimensions |
(inches) _ B
Stvle Capacitance gfalxggg
1, ating
S | tirign, | T | M Canf) (v d-c)
ERES ! HESS
1000
5144 165 T 20 2000-6000
| 10,000 |
2000-3000
ST ik 15 22 6000-10,000
= 20,000
T 1000-2000
b 53 0. B 3000 600
s 354 . 30 6000-10,000 100
20,000 120
B 3000 800
364 ey ] 35 6O00-10,000 GO0
20,000 300
3000-6000 600
. . . 10,000 400
1 R Vi el 20000 300
30,000 120
I e 1 10006000 1000
| I[},Q(}(]—EZU-.{)U(J. (S1810]
1154, Wiy Thay | 42 30,000 4010)
50,000 300
_ 100,000 120
' B 10,000 [ 1000
s " . 20,000-30,000 600
106 | Dk P52 1 50,000-100,000, 400
L : 200,000 120
EXAMPLES
TUBULAR CAPACITORS RECTANGULAR CAPACITORS
(COMMERCIAL ONLY) Ero o _
MEANS |st DIBIT 2nd DIGIT
PAPER \ b

st DIGIT  20d DIGIT  VOLTAGE ¥
L o

—Mr — —7

MULTIPLIER-- LTOLERANGCE ".
C i 5
5. 00 =+ ¢ o o Hil - \
) 15,000 *‘f‘-f_ 20%, 400 v CHARACTERISTIC TOLERANCE MULTIPLIER
{ No characteristic or temperature rat- p

ing) 4700 puf + 10%, Chardcteristic A

T
TN
uns



RECEIVING TUBE SUBSTITUTION GUIDE

RTMA CAPACITOR, RESISTOR, AND TRANSFORMER COLOR CODES

CAPACITOR COLOR CODE

FIRST DIGIT OF SIX DOT CCLOR CODE THIRD DIGIT OF
CAPACITANCE IN : = CAPACITANCE IN
MICROMICROFARADS ot o MICROMICROFARADS

(RED) MICROMICROFARADS (ORANGE)
S (BROWN) r/’//—wi
' O
WORKING DECIMAL
VOLTAGE Lo O MULTIPLIER
M“‘““ i (BROWHN]
TOLERANCE
(VIOLET]

EXAMPLE: 2130 ppf. =7 %, 600 W.V. [Values for color shown in the above porenthesis)

THREE DOT COLOR CODE

FIRST DIGIT OF SECOND DIGIT OF

CAPACITANCE N CAPACITANCE IN DECTMAL
MICROMICROFARADS MICROMICROFARADS MULTIPLER
cotor N PRifdui ToLERaNce Egng
BLACK 0 1 20% —
P e g
" RED 2 100 2% 200 |
~ ORANGE 5 1000 3% 300
 YElOW 4 10000 4% 400
5 == 5% 500 |
6 — &% 400 |
7 == 7 ~700 |
8 T 8% 800
9 — 9% 900 |
| Golb = 0.1 = 1000
SIVER = 0.01 10% o

POWER TRANSFORMER LEAD

COLOR CODE
Power transformer leads in radio receivers may be

identified by the following colors (or color patterns) on
the lead coverings.

YELLOW
veLLow & BLue RECTIFIER
) FILAMENT

FELLDW

TRED
RECTIFIER

ALD & vELLOW

RED

GHELR
wrEen & YELLOW

EREEN

PLATE VOLTAGE

CALACK

PRIMAR\:" A S TUBE FIL.
it NO. |
BLACE
(uLacl ﬁ.ilﬂ) G T
s saoNn & TELLDW :%Bg FIL.
BROwN
e .
sLaTE & VELLOW TUBE FIL.
NO. 3
SLATE

Courtesy TING-S0L Lant Works, Inc.

RESISTOR COLOR CODE

e, |

BLACK 0O BLACK o Black - GoLlp 5% TOL.
BROWN 1 BROWN 1 BROWN. 0 SILVER  10% TOL
RED 2 RED 2 RED 00 NO BAMD 20% TOL
ORANGE 3 ORANGE 3 'ORANGE 000 et
YELLOW 4 YELLOW 4 YELLOW 0000

'GREEM 5 GREEN 5 GREEN 00000

BLUE 6 BLUE 6 BLUE 000000

VIOLET 7 VIOLET 7

GRAY i GRAY 8

WHITE @ WHITE @

TOLERANCE

RESISTAMNCE VALUE: The nominal resistance valuw in ohms is identified by
a three digit symbol. The first two digits are the first
twa figures of the resistorice vaolue in ohms. The
third diglt specifies the number of zeros which follow
the first two figures.

I-F TRANSFORMER LEAD COLOR CODE

I-F transformer leads in radio receivers may be identi-
fied by the following colors on the lead coverings.

PLATE LEAD BLUE GCRID (or diode lead) GREEN
B+ LEAD RED  GRID RETURN BLACK

FOR "FULL-WAVE" TRANSFORMER SECOND DIODE
LEAD WILL BE GREEN-BLACK.

AUDIO TRANSFORMER LEAD COLOR CODE

Interstage and Output Audio Transformer leads in radio
receivers may be identified by the colors on the lead
coverings os shown.

BLUE GREEn

PLATE GRID
P £
g H
M B+ == S RETURN W
A D
R A
v §

PLATE BLUE O dROWN GREEN _OR YELLOW GRID

(stanT) (aTant)

In cases where use is made of a single primary and/or
a single secondary, the upper half of the diagrom
indicates the color coding. The brown and yellow leads
indicate the start of the primary and secondary wind-
ings respectively and will be used in place of the blue
and green (as shown) where polarity indications are
required.

214



ALLIED?'S ELECTRONICS DATA HANDBOOK

Resistor Color Code
EIA STANDARD RS-172 MILITARY STANDARD MIL-R-11E

10E==a01 pllefle[ll ] AICIGIRIC I
ol & [ GG

1st Digit 2nd Digit Multiplier Tolerance Failure Rate*
Color C D
Black 0 0 1 — =
Brown 1 1 10 += 1% 1.0
Red 2 2 100 %= 29 0.1
Orange 3 3 1,000 = 3% 0.01
Yellow 4 4 10,000 = 497 0.001
Green 5 5 100,000 —_ —
Blue 6 6 1,000,000 — —
Violet 74 7 10,000, — —
Gray 8 8 100,000,000 — —
White 9 9 — Solderable*
Goid — — 0.1 = 59, =
Silver — _— 0.01 =10% —
No Color - — — =20% —
* Bond E, when .used on composition resistors, indieates percent failure per
1,000 hours, On film resistors, a white band E indicates solderable terminal.
INSULATION CODING MILITARY (MIL): Same as EIA with the
EIA: Insulated resistors with axial leads addition of: Noninsulated resistors with ra-
are designated by a background of any color dial leads designated by a black background
except black. The usual color is natural tan. color or by a background the same color as
Noninsulated resistors with axial leads are the first significant figure of the resistance
designated by a black background color. value.
Black Means A B M’ c . "r F G H
Mica Ica Lapaciior
Color Code
fom +——"  MILITARY STANDARD MIL-C-5C s
Digits of Capacitance (uuf) Multi- Tulerance! Characteristic.Worki ng| Operating Vibration
Color plier o See table below Volts DC| Temperature |Grade(cps)
| A . B c | E G H
{Black | 0 o 1 +20 - — —55to 4-70°C | 10-55
{Brown 1 1 10 + 1 i B — — —
Red 2 2 100 + 2 c — —55 to +85°C —
Orange 3 3 1,000 — D 300 — -
Yellow 4 4 e — E — —55 to +125°C| 10-2,000
Green | ) 5 — + 5 E 500 — —
Blue 6 6 — | — — — —5§ to +150°C -
Violet i 7] — — — == = =
Gray 8 8 - - — — —
White 9 9 o = — — = =
{Gold — — 0.1 =5 —_ —_ — e
Silver — - =10 — | — — -—

*¥Earlier MIL-C-5 capacitors are not color coded on back, Insuch casesignore F, (3, H and use Voltage Rating Table below.
VOLTAGE RATING

DESSRPON OF CHARREIMUSHG {Indicated by dimensions rather than color coding)
Temperature Minimum Mazrimum Tnchés | Style | Capacitonce | Rating

Charae-|  Coefficient Mazimum Tnsulation g Wide T Thick oM (ppely (a d=e)
teristio | {purts per Capacitance Resistance it e L2

million per 2C) Drift (megohms) 394 e i 15 5-510 300

% 5-510 500

. . e | R | % | 20 | 500000 | 300

B Not specified Not specified 7500 7 55 7 55 E1-1000 | 500

& =200 *0.5% | @800 % | Wi | % | 30| 560-3300 | 500

D =100 =0,3% 7500 o =5 ¥ 35 | 2600-6200 500

. 5
E | —20to 4100} (019 +0.1usf) | 7500 s S W ﬁgﬂ‘éﬂb‘;ﬂﬂ ﬁg
F 0 to +70 |%(0.05% +0.1 uuf) | 7500 W | % | % | 40 | 330000000 | 500




ALLIED'S ELECTRONICS DATA HANDBOOK

Mica Capacitor Color Code
EIA STANDARD RS-153 A

White Means Identifier
Mica A B G H White

@) P q> ¢ o

E a
D B
F E D
Frent Back
Digits of Capacitance (uuf) . 4. |Tolerance{Characteristic—| Working Operating
Color Mu“{f“” T See table below| Voltage | Temperature
A B c E* G | H
Black 0 0 0 1 =20 A = o
Brown 1 1 1 10 += 1 B 100 V. DC e
Red 2 2 2 100 = 2 c —_— —55 to +85°C
Orange 3 3 3 1,000 =+ 3 D 300Vv.DC —_
Yellow 4 4 4 10,000 — E —55 to +125°C|
Green 5 5 5 — =5 — 500 V. DC —_—
|Blue 6 6 6 — — — -
Violet 7 i 7 — —_ —_ —_— —_—
Gray 8 8 8 — — - — _—
White 9 9 9 — —_— —_ — —_—
Gold —_ — —_ 0.1 — — 1,000 V. DC —_—
'snver — — — 0.01 =10 —_ —r— e

*or + 1 uuf, whichever is greater.

VOLTAGE RATING
DESCRIPTION OF CHARACTERISTIC (Indicated by dimensions rather than color coding)

Temperature Minimum Maximum Inches Gyle | Capacitance | Rating
Charae-| Coefficient Mazimum Insulation Long | Wide | Thick o (upef) {vd-¢)
teristic &E{qﬂs per Capﬁm'_umce Resistance - 5510 500

milfion per °C) rift (megohms) LA 156, Tia 20 580.1000 200
A ~1000 =(6% +1 uuf) | 8000 % | e | e | 25 | 380999, | 200
B =500 2= (3% 41 upf) 6000 AT0-B200 500
c %200 =(0.5% +0.5 guf) | 6000 e | W | % | 30 | Gvers200 | 300
D +100 =(0.3% +0.1 wuf) | 6000 = = 5 35 | 3300-8200 | 500
E | —20to+100|=(0.1% 0.1 pub) | 6000 e ) L % Over 6200 | 300
= — 100-2400 1000
W | %% | W 40 | 2700-7500 | 500
== s = = Over 7500 | 300
- - I d
Mica Capacitor Color Code

AEE Obsolete Style ok

_— —OE®— (FRONT VIEW)

e — SOMETIMES
®EE
Glo0 —®EO® ©@

— (BACK VIEW]

Digits of Capacitance (uuf) Multiplie Tolerance Voltage Rating

Dot Color PoAeE SERPE o (v d-c)
A B c F
Black 0 0 0 1 =20 -
Brown 1 1 1 10 = | 100
Red 2 2 2 100 =2 200
Orange 3 3 3 1,000 *®. 3 300
Yellow 4 4 4 10,000 = 4 400
Green 5 5 5 100,000 =] 500
Blue ] ] 6 1,000,000 = § 600
Violet T 7 7 10,000,000 &= 7 700
Gray 8 8 8 100,000,000 = 8 800
White 9 8 9 1,000,000,000 = 9 900
Gold - — - 0.1 = 5 1,000
Silver —_ —_ — 0.01 =10 2,000
No Color == A= — —= +20

74



ALLIED'S ELECTRONICS

DATA

HANDBOOK

Ceramic Capacitor Color Code
EIA STANDARD RS-198
MILITARY STANDARD MIL-C-20D

.

3-Dot Disc Capacitors
{RETMA ONLY)
{Voltage rating is always 500 v.,
telerance is always —0.)

3-Dot Button Capacitors
(EIA ONLY)

Feed Through Capacitors
(EIA ONMLY)

High Capacity Tubulars

Tubular Capacitors Tubular Capacitors

o

(insulated or Non-insulated)

—phphis

Stand-Off Copacitors
(EIA ONLY)

5-Dot Disc Capacitors
(EIA ONLY)
(Voltage rating is
always 500 v.)

ture Comp ating
Tubulars

‘/-—A
— C)’O-.--— B
s?.:::'—h——. OH=—C
e} QO+ E

W F

MIL Style CC

(Voltage rating is always 500 v.) (Old RMA) Rectangular
Note: Styles CC-60 through CC-71
will be color coded here with
Green=500 and Brown=150,
working volts DC.
] Digits of Tolerance Temp. Coef. A
Capacitance (uuf) (Parts per million per °C.)
Color o c 5 Mu!tEIpliar 10 uuf or| Over 10
loss (uuf) | puf (%) EIA MILITARYY
Black 0 0 0 1 =2.0 =20* =0 =0
Brown 1 1 1 10 =0,1* =1 — 33 |i — 30
Red 2 2 2 100 *=0.25 | =2 — 75 | — 80
Orange 3 3 3 1,000 — £ 2h* —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
Violet g ¥ 7 — — —— —750 —750
Gray 8 8 8 0.01 =(.25*% — +150 to -
— 1500
White 9 9 9 0.1 + 1.0 | =10 +100 to -
—750
Gold — == || = - — —_ — +100
*ElA only {Perchartsin MIL-C-20D

75



ALLIED"' S ELECTRONICS DATA HANDEBOOK

Ceramic Capacitor Color Code :mjﬁ
EIA STANDARD RS-198

MILITARY STANDARD MIL-C-20D i oo
{EIA. ONLY)
= B_C €
B E G
’ 5 A F
B E
3-Dot Disc Capacitors 3-Dot Button Capacitors 5-Dot Disc Capacitors
(RETMA ONLY) (EIA ONLY) (E1A ONLY)
(Voltage rating is always 500 v., {Voltage rating is
tolerance is always —0.) always 500 v.)
& cC F A c F
B E
(o (D @juwen (]
A F
B E B E
Feed Through Capacitors High Capacity Tubulars Temperature Comp ting
(EIA ONLY) (Insulated or Non-insulated) Tubulars
Vi
B C
A EB D O,o-—-—s
—CHE - e o
-
E F F I oN
A A
Tubular Capacitors Tubular Capacitors MIL Style CC
(Voltage rating is always 500 v.} (Old RMA) Rectangular

Note: Styles CC-60 through CC-71
will be color coded here with
Green=500 and Brown=150,
working volts DC.

[ Digits of Tolerance Temp. Coef. A
' Capacitance (uuf) F (Parts per million per °C.)
Color 8 o b MuItElpller 10 uuf or| Over 10
less (uuf) | upf (%) EIA MILITARYt
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 =0.25 =2 — 75 — 80
Orange 3 3 3 1,000 — +=2.5% —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
Violet 7 7 7 — — — —750 —750
Gray 8 8 8 0.01 ==(),25* - +150 to —
—1500
White 9 9 9 0.1 = 1.0 =10 +100 to —
—750
Gold s (|| wes f s — = s = | 4100

*ElA only tPer charts in MIL-C-20D
75



ALLIED'S ELECTRONICS DATA HANDBOOK

Paper Capacitor Color Code
MILITARY STANDARD MIL-C-91A
(Commercial codes are same except as noted)

SILVE A B
A C E
1
8 D
Tubular Caopacitors F o] c
{Commercial Only) Rectangular Capacitors
Digits of Tubular Temp. Rating
Capacitance (puf) Tolerance | Voltage Rating ‘Cand
Color — ——— Multiplier e (v d-g) Characteristic
A B C D E F
Black 0o | 0 1 + 20 — 85-A
Brown 1 1 10 - 100 85-E
Red 2 2 100 = 200 =
Orange 3 3 1,000 4+ 30 300 =
Yellow | 4 4 10,000 — 400 —
Green ' 5 B — = 500 —
Blue 6 6 = — 600 =
Violet 7 7 — = 700 =
Gray 8 8 — = 800 —
White 9 9 — — 900 . —
Gold — — — s 1,000 —
Silver — — — + 10 — -
VOLTAGE RATING FOR TYPOGRAPHICALLY MARKED
RECTANGULAR CAPACITORS ) TUBULAR CERAMICS
{Indicated by dimensions rather than eolor coding)
Muozimum :;:iménsiuns | _
(nches) Stple | Capacitanece L iy .
—_— ﬁ N ) I[‘i-“:f‘-rctg TEMPERATURE
Length ‘ Wiidth ‘ byoeg 7 COEFFICIENT
| S — = J CAPACITANCE (MMF)
1060 400 NT30 et
sig | se | 1e | 20 | 20006000 200 el s e
S ] G | i K <4—— TOLERANCE
- e | ®
g | Mg g | 22 | B000-10, 3
"" . 20,000 120
- 1000-2000 800
30 ooguﬂ?mo E% |
EEFS X g 9 p: 13 - H { . ' ]
& 2 o O 0D i | TOLERANCE
— = - . JAN - =
3000 200 LETTER |
: 35 3 F 600 g I 10 uuf Over
s 72 e 45 ﬁﬂge%—‘égoﬂﬂﬂ 3’00 g L_J;“ it
- 3000-6000 | 600 - .. =3
10,000 400 & + 025 nf
1% | v | % | 4 20,000 300
30,000 120 D 405 puf
& 1000-6000 | 1000 F £ 00 ugf £ 1%
e shooe| 0 P
g | g g | 42 30, ¥ 2.0 £ 2%
1Y W 12 20,000 300 G & [ (]
100,000 120 i + 8%
- 10,000 1000 K + 109
20,000-30,000 | 600
e | % | 9 | 43 [50,000-100000 400 M| £ 209
; 1
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Military Capacitor Letter-Number Codes

The long used color-code method of identifying fixed eapacitors is rapidly being replaced
under the currently effective Military Standards System, where type, capacitance, toler-
ance, voltage, temperature range and all required specifications are designated by letter
and number symbols stamped on the capacitor case in place of the color-code system pre-
viously used.

Because of the increasing use of military styles of fixed capacitors throughout the elec-
tronies industry and the resulting confusion for those not familiar with this system, we
publish on the following pages, basic outlines of the designating letter-number symbols
covering M1L-C-91, MIL-C-20 and MIL-C-3 specifications now used in place of the color
codes shown on the three preceding pages.

MIL-C-91A TYPE CN

Capacitors ¢ Fixed ¢ Paper Dielectric ¢ Nonmetallic Cases

CN 22 A E 202 N
® @ & ® 6

@) STYLE | (2 CHARACTERISTIC
A= —551to0 +85°C
Rectangular molded case styles, E=—55 to -+85°C
20, 22, 41, 42, 43. Square as per tables and charts in
molded case styles, 30, 35. MIL-C-91
(3 VOLTAGE | @ CAPACITANCE
DC working at 40°C.
Y=120 F=400 Expressed in picofarads. First
C=200 7 =800 two digits represent significant
X =300 G=1,000 figures. Last digit indicates the
E=400 number of zeros to follow.

| (5 CAPACITANCE ‘

TOLERANCE
K==10%
M= =20%
N= =30%
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Military Capacitor Letter-Number Codes

MIL-C-20D TYPE CC

Capacitors « Fixed ¢ Ceramic Dielectric « Temperature Compensating

CC 20 A K OR5 C

® @ 6 @

@) STYLE

Radial lead tubular case, 500
DC working volts, styles, 20, 22,
25,27,30, 3}, 32, 33,35, 37,
45, 47. Axial lead tubular case,
500 DC working volts, styles,
21, 26, 36. Disc case, 500 DC
working volts, styles, 50, 51,
52, 53. Rectangular case styles,
60, 62, 64, 66, 68,70, all 150
DC working volts; and 61, 63,
65, 67, 69, 71, all 500 DC
working volts.

@ TEMPERATURE

COEFFICIENT
A = P100 = 100
C =NPO = =0
H=N30 = —-30
L=N80 = —80
P = N150 = —150
R = N220 = —220
S = N330 = —330
T = N470 = —470
U = N750 = —750

all as per charts in MIL-C-20D

|
[| @) T-C TOLERANCE

BAND ENVELOPE i

i F, G, H, J, K, all as per curves |
in MIL-C-20D

®
]
@ CAPACITANCE |

Expressed in picofarads. First
two digits represent significant
| figures. Last digit indicates the
| number of zeros to follow.
| When fractional values are re-
quired, the letter "R” indicates
the placing of the decimal
point, and the following digits
represent significant figures.

(3) CAPACITANCE
TOLERANCE

Il

+0.25 picofarads

D = =0.5 picofarads
F==1%(=1.0 pf @=10 pf)
G = =2% (=2.0 pf @ =10 pf)
J= =5%

K= =10%
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Military Capacitor Letter-Number Codes

MIL-C-5C TYPE CM

Capacitors « Fixed ¢ Mica Dielectric

CM 15 C D 100 K N 3
® @ ®@ ® 6 ®

@ STYLE | @) CHARACTERISTIC
Dipped rectangular case styles, 05, 04, | Temperature ‘ .
07, 08. Lead mounting molded case styles, iSymA Coefficient Capacitance

15, 20, 30, 35, 40. Ear mounting molded bol Pc:rfs,fMHll'on/°C| Drift

case styles, 45, 50. Semi-hexagonal mold- |

ed case, tapped mounting holes styles, 55, | B Not Specified

60. Molded case, potted styles, 65, 70. |

Stack mounting ceramic case, potted elip- | C | —200to +200 "—* (0.5% +0.1 pf)

tical base styles, 75, 80, 85, 90. Stack l D | —100to +100 == (0.39, +0.1 pf)

mounting ceramic case, potted, circular | | E | —20to +100 |={0.1% +0.1 pf)

base style, 95. . | F | Oto+ 70|=(0.05% +0.1 pf)
| |

@G VOLTAGE RATING " roting not shown |

on earlier production.

Symbol Valts Symbol Volts :Symbof ! Volts
|
B 250 | J 2,000 R 10,000
C 300 | K 2,500 ) 12,000
D 500 | L 3,000 T 15,000
E 600 | M 4,000 U 20,000
F 1,000 N 5,000 V 25,000
G 1,200 P [ 6,000 W 30,000
H 1,500 Q | 8,000 X 35,000
(@ CAPACITANCE ‘ (&) OPERATING

= ; =1 TEMPERATURE RANGE
Expressed in picofarads. First two digits

represent significant figures. Last digit | M = —55°C to + 70°C
indicates the number of zeros to follow. | — _55°C to + 85°C

N
O = —55°C to +125°C
P = —55°C to +150°C

() CAPACITANCE
TOLERANCE

(@ VIBRATION

F= =1% or 0.5 pf,
whichever is greater. GRADE
G ==« 2%
1= = 5% 1 = 10 to 55 cps
K= =70% 3 = 10 to 2,000 cps
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EIA Color Codes

The color codes on the preceding and two
following pages are used by most radio and
instrument manufacturers in the wiring of
their products, and by parts manufacturers
for identifying lead placement or resistor and
capacitor  values, ratings, and tolerances.
These have been included for whatever help
thev may provide in identifving parts and

PRIMARY PRIMARY

leads when trouble-shooting. Since all manu-
facturers do not use these codes, however, due
caution must bhe 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 w volt-
meter, ohmmeter, or continuity meter is usu-
ally all that is needed to establish this fact.

|
NOT TAPPED | TAPPED RED
|
: RED-YELLOW L HIGH
: VOLTAGE
|
BLACK [ BLAGK (COMMON)
T RED J
: -
I
| YELLOW ]
| . BLACK-YELLOW YELLOW- BLUE RECTIFIER
I FILAMENT
|
|l YELLOW
BLACK : BLACK-RED SREEN
I ¥ AMPLIFIER
GREEN-YELLOW _ CILAMENT
NO.I
GREEN
Power Transformer
BROWN sl
BROWN-YELLOW _ [ P Avert
RED A+ NC. 2
BROWN
BLACK  A- SLATE
SLATE-YELLOW g
BLUE B+ NO.3
YELLOW B -
WHITE B+
INTERMEDIATE
BROWN G+
ORANGE C -
INTERMEDIATE

GREEN G-




]

BLUE OR BROWHN

Sy.eaker Leads and Plug Connections

QUTRUT  TRANSFORMER
— TR

g

PLUG PRI, GREEN
SEC.
BLACK
HLUE /
FIELD COiL
o
YOICE
P COIL
BLACK & RED
YELLOW & RED
Speaker Leads
BLUE OQUTPUT TRANSFORMER
—_——
GREEN
PRI SEC.
PINS TOWARD BLACK
You
FIELD CoIL
YOICE
colL

BLACK & RED

TELLOW B RED

BLUE ©OR BROWN

PLUG

QUTPUT  TRANSFORMER
.

FIELD ©oiL

BLACK & RED

YELLOW & RED

and Plug Connections

PING  TOWARD

You

BLUE

 QUTPUT TRANSFORMER

GREEN

BLACK

FIELD COIL

BLACK B RED

YELLOW & RED

VOICE
calL

(penuyuo)n)—sapo) 10j0) VI3

S2INOY¥Y1D3I13 $s.a3111V¥

viva

AOOTANVYVYH



Speaker Lead Color Codes—(Continued)

BLUE OR BROWHN OUTPUT TRANSFORMER
PRI GREEN
SEC.
RED
BLACK
- BEvE FIELD GOIL
=2 BLACK & RED I i i VOICE \R
COiL.
FIELD
colL L SLATE B RED
LEADS
YELLOW B RED
= -]
%]
I-F Transformers
- b GRID
FLATE BLUE GREEN OR DIODE
GREEN - BLACK FULL WAVE
DICDE
RED GRID OR DIODE
B e RETURN, AVG,
OR GROUND

BLUE OR BROWN UTPUT TR&NSFD_RRER
GREEN
SEC
R
o PRI
BLACK
BLUE
FIELD COILS
BLACK & GREEN i TR i i
HIGH-RES.
FIELD YELLOW B GREEN
BLACK & RED
LOW-RES.
FIELD YELLOW 8 RED

Audio & Output Transformers

PLATE HIEEIDS‘EE OF
LA i
GREEN MOVING COIL
Bikew RETURN OR
B LOW SIDE OF
MOVING GOIL
» BLUE OR BROWN GREEN OR YELLOW -
PLATE @TART) (START) GRID

® FOUND ONLY ON PUSH-PULL PRIMARY OR SECONDARY WINDINGS

sapo) J0jo) Vi3

(penunuo))

viva S2INO¥1D231713 s.a3ll11v

AOOHEANVYH
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Pilot Lamp Data

Maximum Size |

Bulb __ (See Chart Below) | Bulb | Biisg Bulb Lamp
Silhoustte A B8 | ¢ | No Type Numbers
W l ; ; |
] rn - [ | DR
4 T : f | PR2
A L B-3%; S.C. Flange Small PR3
B 2 - )
c (Miniature) Round P4
PR6
T PR12
G-3% 2-Pin Small 12
{Miniatura) Round
|
40
41
42
T-3% Screw Tubutar 46
(Mimature) 48
1892
|
— —
43
44
Bayonet 45
T-3% (Miniature) Tubular | :;
| 1490
| | 1891
- |— e | — — _. ———
G-3% ‘ Scraw Ii Small ‘ 50
(Miniature) Round
| ‘
G-314 Bayonat Small | 51
(Miniature) Round ‘
|
G414 Bayonet Larga 55
(Miniature) Round | 57
|
= i i__ |
a5 | Bayonet Large 1458
2 | (Miniatura) Round |
| ]
S ) - — - -
TL-3 Serew Pinched 112
| (Miniature) | Round | 222
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Pilot Lamp Data (Cont'd)

Lamp Bead
Ne Color
PR-2 Blue |
PR-3 Green
PR-4 Yellow |
PR-6 Brown
PR-12 White
40 Brown
41 White
42 Green
43 White
44 Blue
45 *
46+ Blus
47 Brown
48 Pink
43 Pink
50 White
51+ White
55 White
57 | Whita
112 Pink
222 | White
1458 | .
1450 White
1891 . Pink
1892 | White

Base Bulb Rating
(Miniature) Type Volts | Amps Used For
Flange | Bay 24 | 050 Flashlights
Flange | B-314 36 | 050 Flashlights
Flange | B-3% 2.3 0.27 Flashlights
Flange B-34 2.5 | 0:30 Flashlights
Flange B-3'4 595 | 0.50 Flashlights
2-Pin G-3%2 | 63 0.15 Dials
Screw T-3% 6-8 0.15 Dials
Seraw T-314 2.5 0.5 Dials
Screw T-314 3.2 1 Drals
Bayonat T-34 2.5 0.5 Dials and Tuning Meters
Bayonet | T-3% 6-8 | 0.25 Drals and Tuning Meters
Bayonet | T-3% 3.2 1 Dials
Screw T-3% 6-8 0.25 Dials and Tuning Meters
Bayonat | T-3% 6-9 | 0.15 Dials
Screw | T-3% 2.0 | 0.06 Battery Set Dials
Bayonat | T-3% 2.0 0.06 Battery Set Dials
Screw ‘ G-314 6-8 0.2 Auto-Radio Dials; Flashlights
Bayonet G-314 | 6-8 | 0.2 Auto-Radio Dials; Panel Boards
Bayonet G-4V4 6-8 | 0.4 Auto-Radio Dials; Parking Lights
Bayonet G-4'4 14 0.24 Auto Radio Dials
Screw TL-3 T N I - Flashlights
Screw TL-3 | 22 | 0.25 Flashlights; Seldering Guns
Bayonet | G-5 20.0 0.25 Dhals
Bayonet T-3% 3.2 0,15 Dials
Bayonat T-3Yy 14 0.23 Auto Radio Dials
Screw | T3 14 0.12 Auto Panel Lights

*Whita in G.E. ano Sylvania; Gresen in National Union Raytheon and Tung-Sol.
£0.35 in G.E. and Sylvania; 0.5 in National Union Raytheon and Tung-Sol.

“Have frosted bulb.

Neon Glow Lamps

High Brightness
Hours of | Maximum Nominal | Circuit | Nominal
Lamp Average QOverall Basa Current Volts | Watts
Number Useful Life* ‘ Length | n Ma. ACor DC | 110-125 V.
NE-2H | 25,000 z 2* Wita Term. | 2z 110-125 1/5
NE-2J | 25,000 154" S.C. Mid. Flange | 1.7 110-125 1/5
NE-2P 25.000 kA 1* Wire Term. 1.7 110-125 “1/5
NE-51H 25,000 134" Min. Bay. 12 | 110-125 1/7
Standard Brightness
NE-2 25,000 14" 17 Wire Tarm. | o5 110-125 1/17
NE-2D 25,000 [ 1567 §.C. Mid. Flange | 06 110-125 1/15
NE-2E 25,000 4" 2" Wira Tarm. | 06 110-125 1/15
NE-2M 25,000 %" | 1" Wire Term. | o5 110-125 1/17
NE-7 | 7,500 | Ti4° ‘ 14" Wire Term. | 2.0 110-125 A
NE-17 7,500 1 D.C. Bay 2.0 110-125 A
NE-21 7,500 15" S.C. Bay 2.0 110-125 Y
NE-30 10,000 214 Med. Scraw | 120 110-125 i
NE-34 10,000 | 34T | Med. Scraw 18.0 110-125 2
NE-42 10,000 I 3% D.C. Bay 300 | 1104125 3
NE-45 7,500 [ V& Cand. Screw 2.0 110-125 Y
NE-48 7,500 1" D.C. Bay 20 | 110125 Va
NE-51 15,000 1 Min. Bay 03 110-125 1/25
NE-56 10,000 4 1 Mead. Screw 5.0 220-250 1
NE-57 7,500 | 1175" | Cand. Scraw 2.0 110-125 A
NE-58 7,500 | 1t | Cand. Screw 2,0 220-250 i
NE-79 10,000 2 D.C. Bay 12.0 10125 | 1
Argon Glow Lamps

AR-1 i 1,000 3" | Mad. Screw | 18.0 110-125 ]
AR-3 | 150 [ 17" | Cand, Screw 3.5 110-125 A
AR-4 | 150 19" | D.C.Bay 35 | 110125 Va
AR-3 | 50 | 14" | 17 Wire Term. | 03 | 110125 1/25

*0On A.C. uniess otherwisa noted, D-C life is approximately 60°%, of A-C values.
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Schematic Symbols

Used in Radio Diagrams

CATHODE

POTENTIOMETER

POWER SWITCH

VACUUM TUBE

ANTENNA ———  IRON CORE © %o  swrcy
(AERIAL) — YO0 — CHOKE COIL o 00 (SRE{I}_TEACRTYOR?R
RF.
it _+_ CRYSTAL
= GROUND TRANSFORMER
- § é (AR CORE) DETECTOR
ANTENNA g g LIGHTNING
TRANSFORMER —_— —-
@ {LOOP) (IRON CORE) ARRESTER
WIRING METHOD 1 :%gﬁgmw“
| ga —O\o— FUSE
CONNECTION P-115 WOLT PRIMARY
$1- CENTER-TAPPED
e
—‘— NO CONNECTION | o S2 SIEMAL GIRCUIT —@— PILOT LAMP
S2- SECONDARY FOR
RECTIFIER TUuBE
WIRING METHOD 2 ., SRRy
—-+— CONNECTION 5"_55%5&@1?" @ HE ADPHONES
—'1‘— NO CONNECTION i E:‘FF.ADUTOR LOUDSPEAKER,
T (MICA OR PAPER) P. M. DYNAMIC
+ FIXED
LOUDSPEAKER
TERMINAL CAPACITOR Tjﬁ . :
l l ""-r (ELECTROLYTICH EQ ELECTRODINAMIC
- ' ADJUSTABLE
—Hp— ONF SELL R OR VARIABLE U: PHONO PICK-UP
CAPACITOR
ADJUSTABLE VACUUM T
_+|||r_ I':"UI'I-”*?rE'-’- OR j\! % OR VARIABLE ( ) HEATER OLEBE
B" BATTERY CAPACITORS
—— P FILAMENT
, VACUUM
——AWA—  RESISTOR TFMNSFORMER bl__ CUUM, TUBE
(DOUBLE - TUNED)
! (VOLUME CONTROL) - g, p‘ 5‘1-. ®_ GRID
TAPPED RESISTOR
| | OR VOLTAGE -0 o— 2“’;;"; :f.i:l'gu TUBE
DIVIDER SRR
3-ELEMENT
5 —-01"0— SWITCH VACUUM TUBE
RHEOSTAT D.PS.T
i __43)’0_ St RE {TRIODE}
-5 6= ALIGNING KEY
— BT AR CORE ! SWITCH _ OCTAL BASE
CHOKE COIL —- jr"o_ D.F.D.T. Hiae
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Schematic Symbols
- - -
Used in Radio Diagrams
o &g SLIDE FILAMENT PHONE
o TTE SWITCH LAMPS PLUG
a3 MULT!- NEON =555 PHONO
SWITCH
INTER=
GENERAL —()= @
Dj MICROPHONE METER = EEUNGNECTFNG
INTER-
CAPACITOR METER CONNECTING
MICROBHONE o Female PLUG
DYNAMIC :D: LINE
VARIABLE
INDUCTOR
g PIEZOELECTRIC
E CRYSTAL o CRYSTAL
MICROPHONE - FREQUENCY
W DETERMINING
VARIABLE
CORE E PIEZOELECTRIC
PHONE INDUCTOR = CRYSTAL
B, UACK <  FREQUENCY
DETERMINING
l ’ PIEZOELECTRIC
PHONE #
N— AIR CRYSTAL
~ JACK CORE MONAURAL
INDUCTOR PHONO CARTRIDGE
PIEZOELECTRIC
H—° PHONE "1'-‘_"( CRYSTAL
Bl Ty UACK sl STEREQ PHONO
IRON CARTRIDGE
FnogchmR
i - it RECTIFIER
% e = BEncE
------- POWDERED-
= R IRON CORE —@_
- SHIELD INDUCTOR
= ZENER DIODE DOUBLE ANODE
SHIELDED
WIRE — G SIOU(‘:]'O% i
SHIELD ot CONTROL
i c A RECTIFIER
RS 5 ' RELAYS
i \  SHIELDED
il J ASSEMBLY Collector
_____ PNP
------- TYPE
TTTITTT  COMMON s Base TRANSISTOR
% GROUND eSS SE _DA_(_’-. Button Emitter
= i i c
_______ R
S dodl Dol S| NEw
= 1 1 TYPE
© WIRES SHIELDED ~ P ——-. | TRANSISTOR
BETWEEN TWO POINTS £
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Prefix ! Symbol l F;:“{%r ‘ Numerical Value
tera T 10'2 trillion 1,000,000,000,000
101 hundred-billion 100,000,000,000
1010 | ten-billion 10,000,000,000
giga G 10° | billien 1,000,000,000
106 | hundred-million 100,000,000
107 | ten-million 10,000,000
mega M 106 | million 1,000,000
105 hundred-thousand 100,000
myria my 104 ten-thousand 10,000
kilo k 103 thousand 1,000
hecto h 102 hundred 100
deka da 100 ten 10
100 one 1
deci d 10+ tenth l
centi | ¢ 10-2 hundredth 01
milli | m 10-3 thousandth .001
10-4 ten-thousandth .000 1
10-5 hundred-thousandth .000 01
micro | 106 | millionth 1000 001
10-7 ten-millionth .000 000 1
, 10-¢ hundred-millionth .000 000 01
nano | n 10-° billionth .000 000 001
10-t0 ten-billionth .000 000 000 1
| 10-1 hundred-billionth ,000 000 000 01
pico | p 10-12 trillionth .000 000 000 001
| 1013 | ten-trillionth 000 000 000 000 1
i 10-14 hundred-trillionth .000 000 000 000 01
femto | f 10-1s quadrillionth .000 000 000 000 001
10-16 ten-quadrillionth .000 000 000 000 000 1
. 10-17 hundred-quadrillionth .000 000 000 000 000 01
atto a | 10-18 ‘ quintillionth .000 000 000 000 000 001

42

HANDBOOK




ALLIED'S

ELECTRONICS

DATA HANDBOOK

Ohm’s Law for A-C Circuits

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

et B
Z I
& =12, P = EI cos b

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

impedance in Ohms,

Phase Angle

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

ratio %; and is expressed by

X
arc tan —
R

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

R = the non-reactive resistance in
ohms,

of the combined resistive and reactive com-

ponents of the cireuit under consideration.

Therefore
in a purely resistive circuit, 8 = 0°
in a purely reactive circuit, § = 90°
and in a resonant. cireuit, 6 = 0°
also when
= 0°%cos §=1and P = EI,
8 =90°%cos 6 =0and P =0,

Degrees x 0.0175 = radians.

1 radian = 57.3°.

32

Power Factor

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

EI cos 6
Jo=——=cos#
p.J 7l
where
p.f. = thecircuitload power factor,
El cos § = the true power in watts,
EI = the apparent power in volt-
amperes,
E = theapplied potentialinvolts
I = load current in amperes.
Therefore

in a purely resistive circuit.
=0 and pf. =1
and in a reactive circuit,
B =90°and p.f. =0

and in a resonant circuit,

f§=10° and p.f. =1

Ohm’s Law for D-C Circuits

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

E E
I == ] R s Ay
R I
E = IR, P=El
where I = current in amperes,
R = resistance in ohms,
5 = potential across B in volts,
P = power in watts.
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Ohm’s Law Formulas for D-C Circuits

Formulas for Delermining Unknown Valves of . ..

Known
Vaolues ! R E p
I1&R IR I'R
E
= EI
I&E 7
P P
1&P It I
R&E & B
yid R
R&P J‘E VPR
R
2
E&P i =
E P
Ohm’s Law Formulas for A-C Circuits
I Formulas for Determining Unknown Values of . . .
Known
Values I 7 E P
&z 1Z 1*Z cos #
I1&E ? 1E cos 8
1&P -L- P
IPcos 6 Icos @
E E*cos 0
Z&E —
Z Z
zap P Pz
Z cos 8 cos @
P E?cos 6
E&P
E cos 6 P
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~ Coil Winding Data

Turns Per Inch

Gauge Number of Turns per Linear Inch

(awG) |
or | . D.S.C.

(B&S) Enamel | S.5.C. and D.Cc.C

| s.c.c.
|
T — — 33| 33
2 — — 3.8 ' 3.6
3 —_ R 4.2 4.0
4 = s 47 | 45
5 — — 5.2 ‘ 5.0
6 —= — 5.9 i 5.6
7 - — 65 | 6.2
8 7.6 — 7.4 7|
9 8.6 — 8.2 7.8
10 9.6 — 9.3 8.9
11 10.7 — 10.3 9.8
12 12.0 — 1.5 10.9
13 13.5 —_ 12.8 | 12.0
14 150 | — 142 | 138
15 168 | — 15.8 14.7
|

16 18.9 18.9 17.9 16.4
17 21.2 I 21.2 19.9 18.1
18 236 23.6 22.0 19.8
19 26.4 26.4 24.4 21.8
20 29.4 29.4 27.0 23.8
21 33.1 32.7 29.8 26.0
22 37.0 36.5 34.1 30.0
23 41.3 40.6 37.6 31.6
24 46.3 45.3 41.5 35.6
25 3 e g 50.4 45.6 38.6
26 58.0 55.6 50.2 41.8
27 64.9 61.5 55.0 45.0
28 727 | 68.6 60.2 48.5
29 816 | 748 | 654 | 51.8
30 90.5 ] 83.3 71.5 55.5
31 101. 92.0 77.56 | 59.2
32 113; 101. 83.6 62.6
33 127. 110. 90.3 66.3
34 143. 120. 97.0 | 70.0
35 158. 132. 104. 735
36 175. ‘ 143. 111, 77.0
37 198. | 154. 118. 80.3
38 224. | 166. 126. 83.6
39 248. | 181. | 133. | 86.6
40 282. | 194. | 140. | 89.7

Coil Winding Formulas

The following approximations for wind-
ing r-f coils are aceurate to within approx.
19 for nearly all small air-core coils, where

L = self inductance in microhenrys,
N = total number of turns,

r = mean radius in inches,

! = length of coil in inches,

b = depth of coil in inches.

Single-Layer Wound Coils

,___(_,II‘_L
I

) f

006000600000
Lo N
7 oy 4+ 101
v < VIO F 100

r

Multi-Layer Wound Coils

-—r—-!

T
{
4

~ b -
0.8(rN)?
=%r + 9l + 106

L

Single-Layer Spiral Wound Coils
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Vacuum Tube Formulas and Symbols

Vacuum Tube Constants

Amplication factor ($/uor u) is given by

AE .
uo= —p (with I constant)

E,
Dyramic plate resistance in ohms, is
given by
B .
et s (with E, constant)

r
Mutual conductance in mhos, is given by

A Ip
= — (with Ep constant
Im A E, ( ;] )

Vacuum Tube Formulas

Giain per stage is given by

R

lM(RL +Tp)

Voltage output appearing in Ry is given

by
( E; Ry, )
H s+ R

Power output in Ry, is given by

i 2
ks
R e
- (r, S RL)

Maximum power output in Rz which results
when Rp=rp, is given by
(H- E .1') £

4.1";3

Maximum undistorted power output in Kz,
which results when Ry =2r,, is given by
2AuE,)?
9?";;

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

Ey
Ie

Vacuum Tube Symbols

Muoru = Amplification factor,
rp = Dynamie plate resistance in
ohms,
gm = Mutual conductance in mhos,
Ey = Plate voltage in volts,
E, = Grid voltage in volts,
I, = Plate current in amperes,
Rr = Plate load resistance in ohms,
Iy = Total cathode current in am-
peres,
E; = Signal voltage in volts,

A = change or variation in value,
which may be either an incre-
ment (increase), or a decrement
(decrease).

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

Given To get ...
Value
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.S.
Av. 1.57 X -Av. 1.11 X Awv.
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Most Used Formulas

Resistance Formulas

In series Ri= R+ RB:+ R;...ete.
In parallel R = T ) £y +1i e
R, R. R,
Two resistors R = R\R,
in parallel R, + R,
Capacitance
In parallel (v =C, 4+ C:+4+ C,. .. ete.
In series 'y = 1 3 : 1
G, + A + ik ete.
Two capacitors -, _ C,C,
in series Ci+ C,

The Quantity of Electricity Stored Within
a Capacitor is Given by

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

E = the potential impressed
across the capacitor in
volts,

' = capacitance in farads.

The Capacitance of a Parallel Plate
Capacitor is Given by

S (N=—1

C = 0.0885 &)
d
where € =capacitance in mmid.,
K = dielectric constant,
*S = area of one plate in square
centimeters,

N = number of plates,
*d = thickness of the dielectric

in centimeters (same as the
distance between plates).

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

12

DIELECTRIC CONSTANTS

Kind of Approximate*
Dielectric K Value
Air (at atmospheric pressure)....... 1.0
Bakelite.......ooovviiiiinnnns 5.0
BROSWAK oo v v vvvssmsims b sesis 3.0
Cambric (varnished}............... 4.0
Fibre (Red) . covvmevvesiie snvvvias 5.0
Glass (window or flint)............. 8.0
Gutta. Perehacvnsrsanmnnn v 4.0
Moo mnnusesrmramnss sy sy 6.0
Paraffin (solid) coooviicisinsiiinin .5
Paraffin Coated Paper. ............ 3.5
PUTCRRANE, (0 et w0 0100 5wt e 8 0 8 6.0
Pyrex. .o e e e 4.5
Quartz........... e 5.0
Rubber........oovviiiuiinanannn. 3.0
Slate. ..o e 7.0
Wood (verydry) ..o oo 5.0

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

Self-Inductance
In series Li=Li+ Ls+ Ljs...ete.
1
In parallel L = : 3 3 -
e = — ... ete.
Ly =+ Ls T L
Two inductors _ Ly Ly
in parallel T il

Coupled Inductance

In series with fields aiding

Ll - L[ + Lg '+' 2}1{
In series with fields opposing
L,=L+ L, —2M

In parallel with fields aiding
1
1 1
L1 + JM L: +‘ .'11

L,

In parallel with fields opposing
1
1 1

Ll—M+Lg-M

L,
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the total inductance,

where L
M
Lt ﬁ.ﬂd Lg

the mutual inductance,

the self inductance of the
individual coils.

Mutual Inductance

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

Li— L
Mo 220
4
where M = mutual inductance, expressed
in same units as L4 and Lo,
La = Total inductance of coils L,
and L, with fields aiding,

Lo = Total inductance of coils L,

and L, with fields opposing.

Coupling Coefficient

When two r-f coils are induetively coupled
so as to give transformer action,; the coup-
ling coefficient is expressed by

M

K= /T L

where K = the coupling coefficient;
(K X 10* = eoupling coeffi-
cient in 9),

M
Liand L,

the mutual inductance value,

|

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

Resonance

The resonant frequency, or frequency at
which induetive reactance X p equals capac-
itive reactance Xe, is expressed by

1
Jrr =R T et
L V6 T3]

also L = :
) 4w ;2 C

1
and C = Wi L

where

fr

resonant frequency in cyeles
per second,

L = inductance in henrys,
(' = capacitance in farads,
2x = 6.28
4m? = 39.5
Reactance

of an inductance is expressed by

X1 = 2afL
of a capacitance is expressed by
> 1
2mfC

where X, = inductive reactance in vhms,
(known as positivereactance),

X¢ = capacitive rectance in ohims,

(known as negative reac-
tancey,
f = frequency in cycles per sec-
ond,
L = inductance in henrys,
(' = capacitance in farads,
27 = 6.28

Frequency from Wavelength

o .
= sR1 (kilocycles)
where A = wavelength in meters.
P g >;10 (megacycles)
where A = wavelength in centimielers.

Wavelength from Frequency

r'Ii
}‘zsx 0

(meters)

where f = frequeney in kilocycles.

3 X 10°

i

(centimeters)

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

of a simple reactor

XL
3 =
Re
of a single capacitor
Xe
Q = —
Re
where @ = a ratio expressing.the figure
of merit,
X1 = inductive reactance in chms,
¥¢ = capacitive reactance in ohins,
R; = resistance in ohms acting in
series with induectance,
Re = resistance in ohms acting in

series with capacitance,

Impedance

In any a-c circuit where resistance and
reactance values of the R, L and € com-
ponents are given, the absolute or numeri-
cal magnitude of impedance and phase
angle can be computed from the formulas
which follow.

In general the basie formulas expressing
total impedance are:

for series circuits,

Zy = vV R+ X

for parallel eircuits,
= L
VG + B

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

Z

14

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

7 E X
cos 6 sin
R =Zcos ¢ X =2Zsin @
where Z = magnitude of impedance in
ohms,
R = resistance in ohms,
X = reactance (inductive or capaci-
tive) in ohms.
Nomenclature
Z = absolute or numerical value of
impedance magnitude in ohms
R = resistance in ohms,
X = inductive reactance in ohms,
X¢ = capacitive reactance in ohms,
L = inductance in henrys,
C = capacitance in farads,
Rr = resistance in ohms acting in
series with induectance,
Re = resistance in ohms acting in
series with eapacitance,
#l = phase angle in degrees by which

current leads voltage in a ea-
pacitive circuit, or lags voltage
in an induective circuit. In a
resonant circuit, where X
cquals Xe, 8 equals 0°,

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

Numerical Magnitude of Impedance . . ,

"In"'n_
of resistance alone

Z=FR

8 =0°
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— AN WA

of resistance in series

Z=R:+R1+R;...ELC.
8 =0°

IR

of inductance alone
Z =X
0=+ 90°

Ly Ly [

) ;
of inductance in series
Z=Xn+ X+ Xt sebes

6 = + 90°
e
i
of capacitance alone
Z = Xe
6= — 90°

it £z s
it 1t
of capacitance in serics

Z=Xe1+ Xe2+ Xea ..
o= —90°

Jete.

—

or where only 2 capacitances ', and €, are

involved,
T _l_((ﬁ + Cz)
2uf \ C:Cs
B = — 9°

R L

—_— W
of resistance and inductance in series
4= \/Rg S Xt

4 ; Xr
= arc tan —,

"

AAA I
o A

(M

of resistance and capacitance in serics
Z =VR* + X!

X
§ = arc tan i

— € L

of inductance and eapacitance in series
§ = —00° when Xz < Xe

0° when X1 = Xe¢

+ 90° when X1 > Xe

I

HANDBOOK

R c L

of resistance, inductance and capacitance

in series

Z=VR+ (X.— Xc)?

Xt — Xe
= are tan ————

AAAR
AW

I Aa

AAA A
Ry

AR A
VAN

of resistance in parallel
1

1 1 1
=] =t e eetes
R.+R,+R=

gi= 07

or where only 2 resistances R, and R; are

involved,
R R,
"R+ R
f= 0

of inductance in parallel

i
R
Xy Xis Xpg---tle
8=+ 90°
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or where only 2 inductances L, and L. are

involved,
Iq Iﬂ )
Z =3 AR
% (L. L

6 =+ 90°

—le
e

of eapacitance in parallel

Z = : i ]
3;:1+X_n¢+f;.‘.etr_
= — 90°

or where only 2 capacitances €' and (', are
involved,

1
i .?Tff (y + C\x)
#=—90°
_.ﬁﬁﬂﬂﬂﬂ—., o
_—_._...J' i "—
Ly
of induetance and resistance in parallel,
X
T D
V! + X2
f = arc tan E
L
R
—J; +————
|{E
I\
of capacitance and resistance in parallel,
.
- .
VR + Xt
# = — arc tan R—
c

of inductance and capacitance in parallel,

6 = 0° when Xi=X¢

J{<
It

R
AAAA
VWY

of inductance, resistance and capacitance in
parallel

g RXiXe
7o
V' Xi'Xe® + (RXz — RXo)
g = arc tan B3y —}i¥!
Xe Xe
—AMAN— T
R L
— s c —
It
It

of inductance and series resistance in paral-
lel with capacitance

) R Xp*
Z2=XeNp 17X, - Xof

X Xe — Xp? = H’)
RXc

f! = arc tan (

of eapacitance and series resistance in par-
allel with inductance amd series resistance

/{R;,“’ +XHRA+ X&)

7=
VN (Be + Re)* + (X1 — Xo)?

e are ton KR~ Ko (R X
SRR Ri(Be*+ X))+ Re(RA4+ X 10D
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Conductance

In direet eurrent circuits, conductance is
expressed by

where (& = conductance in mhos,
R

resistance in ohms.

In d-e cireuits involving resistances Ry, Ry,
Iy, ete., in parallel,

the total conductance is expressed by
G =G+ Gy + Gy ..
and the total current by
Lo = Il G

el

and the amount of currend in any single resis-
tor, Rs for example, in o parallel group, by

;lnlal (1':
Jre o = '
G+ G+ Gyl .. ete.

R, E and I in Ohm's law formulas for d-¢
circuits may be expressed in terms of con-
duetance as follows:

I
R=1, E=%, 1I=5g
G e}
where (G = conductance in mhos,

R = resistance in ohms,
E = potential in volts,
I = current in amperes.

Susceptance
In an alternating current eircuit, the sus-
ceptance of a series cirenit is expressed by
X
B =
Rz + }(2
or, when the resistance is 0, susceptance
becomes the reciproeal of reactance, or

where B = susceptance in mhos,
R = resistance in ohms,
X = reactance in ohms.

Admittance

In an alternating current circuit, the ad-
mittance of a series circuit is expressed by
1
VR + X*
Admittance is also expressed as the recipro-
cal of impedance, or

where ¥ = admittance in mhos,

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

R and X in Terms of Gand B

Resistance and 1ecactance may be expressed
in terms of conductance and susceptance
as follows:

. B
Gz_+_82'

G
Gt Bt

2

R

G, B, Y and Z in Parallel Circuits

In any given a-¢ eireuit centaining o

numther of smialler parallel circuits only,

the effective conductance Gy is expressed by
(;[ = U: + Gz - (;: TN . oY

and the effective susceptance By by
Bi= B+ By Bs...ete.

and the effective admittance ¥y by
V=G T B

and the effective tmipedance Z, by

1 1

4 '\/G.r‘—+— B¢ Y_.t

Z

where R = resistance in ohins,
X = reactance (capacitive or induc-
tive) in ohms,
G = conductance in mhos,
B = susceptance in mhos,
Y = admittance in mhos,
Z = impedance in chms.
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VOLUME LEVEL TO POWER AND VOLTAGE CONVERSION TABLE

Reference Level

0 dbm =1 milliwatt, 600 chms

Milliwatts Volts ' DBEM
000001 0007746 —60
000010 002449 —50
000100 007746 —40
001 02449 —30
010 ; 07746 —20
0.100 : 2449 —10
1.000 . 7746 0
Watts Volts DBM
001000 7746 0
002512 1.228 . + 4
006310 1.946 ; + 8
01000 2.449 +10
.1000 7.746 +20
1.000 24.49 +30
10.00 77.46 +40

Page 10-3

pment Dara Book

B8

For impedances
other than 600 ohms,
multiply all resistors

by Bador
actor ——
4 500

T PAD % =2.= 600 ohens Ry H PAD R,
Loss in DB EIA Resistor Values* Loss in DB ElIA Resistor Values™
R: R. R R; R R
Va 18 10,000 8.2 16 430 200 220
1 36 5,100 18 17 470 180 220
2 68 2,700 36 18 470 150 240
3 100 1,800 51 19 470 130 240
4 130 1,200 68 20 510 120 240
5 160 1,000 82 22 510 100 270
6 200 820 100 24 510 75 270
7 220 680 110 26 560 62 270
8 270 560 130 28 560 47 270
9 300 470 150 30 560 39 270
10 300 430 160 32 560 30 300
11 330 360 160 34 560 24 300
12 360 330 180 36 560 18 300
13 390 270 200 38 560 15 300
14 390 240 200 40 560 12 300
15 430 220 200

.
EIA resistor values neorest to the exact vaolves ore given

RESISTIVE PADS

Amplifiers



LEVEL IN DBM
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70
60
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2 4 68 2 4 68 2 4 68 2 4 68
1 10 100 1,000 10,000
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0 |[+50 T T | I[ |
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_ p | B2 i
o= DBM = 10 LOG —— 11 . >~ 11
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