
RESISTORS
FIXED COMPOSITION

RETMA STANDARD REC-116
MILITARY STANDARD MIL-R-llA

CAPACITORS
MICA DIELECTRIC

RETMA STANDARD REC-115A
(See example under MIL~C~5A)

Digits oj ToleranceColor Resistance Multiplier (%)(ohms)

Black 0 1
Brown 1 10
Red 2 100
Orange 3 1000
Yellow 4 10,000
Green 5 100,000
Blue 6 1,000,000
Violet 7 10,000,000
Gray 8 100,000,000
White 9
Gold 0.1 "'=5
Silver 0.01 "'=10
No color "'=20

Black
Brown
Red
Orange
Yellow
Green
Blue
Violet
Gray
White
Gold
Silver

Digits oj
Capaci-
tance
(J.1.!1f)

a
1
2
3
4
5
6
7
8
9

Class 1''£ultiplier

A 1
B 10
C 100
D 1000
E 10,000
- -
- -
- -
I -

J -
- 0.1
- 0.01

Tolerance
(%)

RETl\1A: Insulated fixed composition resistors
with axial leads are designated by a background of
any color except black. The usual color is natural
tan. Noninsulated fixed composition resistors with
axial leads are designated by a black background
color.
MILITARY (MIL): Insulated resistors are desig-

nated by a background of any color except black.
The usual color is natural tan. Noninsulated resis-
tors with axial leads are designated by a black back-
ground color. Noninsulated resistors with radial
leads are designated by a black background color or
by a background the same color as the first signifi-
cant figure of the resistance value.

Temperature
Coefficient
(paris per

million PCI' °C)

±1000
±500
±200
±100

+100-20
+150 -50
+100 -50

±(5'70 +1 ",,0
±(3%+1 ",,0
±(0.5% +0.5 ",,0
± (0.3% +0.1 ",,0
±(O.I%+O.1 ",,0
± (0.3% +0.2 ",,0
± (0.2% +0.2 ",,0

j\1inimum
Insulation
Resistance
(megohms)

3000
6000
6000
6000
6000
6000
6000

/
/' FOR CLASS A

TAKE 30"- OF
VALU E SHOWN

I I 1.1

VOLTAGE RATING
(Indicated by dimensions rather than color coding)

Maximum Dimensions
(inches) Capacitance Voltage

Slyle
(" 1'1)

Rating
Length Width Thickness (v d~c)

1%2 7/'2 20 5 510 500
'Yo, 560-1000 300

1 '/ii4 1%2 7/'2 25 5-1000 500
1100-1500 300

5%4 '%. 9/'2 30 470-6200 500
Over 6200 300

'%. '%. Ys 35 3300 6200 500
Over 6200 300
100-2400 1000

11/'2 4%4 In2 40 2700-7500 500
Over 7500 :JOO

/ \
2nd DIGIT TOLERANCE

56 ohm, "'= 10%
SILVER MICA BUTTON
CAPACITORS (5-DOT)

CLASS __ ~

TOLERANCE/
/' ��..'stDIGIT

MULTIPLIER"""'" �.�.....�...
....�2nd DIGIT

SILVER MICA BUTTON
CAPACITORS (6-DOT)

CLASS __ ~
--1st DIGIT

TOLERANCE""-....-/ ......�2nd DIGIT
MULTIPLIER ....- ......�..�...

......�3rd DIGIT



CAPACITORS
MICA DIELECTRIC

CAPACITORS
MICA DIELECTRIC

Digits of

Color Capaci- Charac- J1Iulti- Tolerance
tance terisl ic plier ('X,)
(jJ.jJ.f)

-----
Black 0 A ] ±20
Brown I B 10 -
Red 2 C 100 ±2
Orange 3 D ]()OO -
Yellow 4 E - -
Green 5 F -- -
Blue 6 G - -
Violet 7 - - -
Gray 8 - - -
W,hite 9 - - -
Gold - - 0.1 ±5
Silver - - 0.01 ±1O

Temperatur(~
Coefficient
(paris per

million per °C)

i\1inimum
Max/llillm Capacitance Insulation

Drift Resistance
(megohnzs)

Digits of Voltage
Color Capaci- iv1ulti- Tolerance Ratingtance plier (%)

(jJ.jJ.f) (v d-c)

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

Black 0 1 ±20 -
Brown 1 10 ±1 100
Red 2 100 ±2 200
Orange 3 1000 ±3 300
Yellow 4 10,000 "=4 400
Green 5 - ±5 500
Blue 6 - ±6 600
Violel 7 - ±7 700
Gray 8 - ±8 800
While 9 - ±9 900
Gold - 0.1 ±5* 1000
Silver - 0.01 ±]() 2000
No color - - ±20* 500*

B Nat specified :\ at specified 7500
C ±200 ±0.5% 7500
D ±100 ±0.:3% 7500
E +100 -20 ± (0.1 '/" +0.1 ""f) 7500
F +70 ± (0.05% +0.1 ""f) 7500

Q MINIMUM VALUE OF Q

00
r------..

/

~/

., '\.
,

~ 0 ~ ~ S ~ !2

2nd DIGIT 3rd DIGIT

,

-r;~~]-,
VOLTAGE TOLERANCE MULTIPLIER

VOLTAGE RATING
(Indicated by dimensions rather than color coding)

Capacitance
(""f)
5-510
5-510

560-1000
51-1000
560-3:300
3600-6200
6800-10,000
:3300-8200
9100-10,000

Voltage
Rati1t~
(v doc)

300
500
300
500

~
500
300

~
300

Maximum Dimensions
(inches)

1.ength I Width Thic!?ness
~ 516 '/'2
'Yo. '%2 '/'2

~ 1%2 '/'2
5%4 '%4 9/'2
5%4 5%4 I~12
---
11/'2 4~64 1 Y32

MULTIPLIER

,,

-f~~~}-
50 jJ.jJ.f

(Voltage rating is always 500 v;
tolerance is always 20%.)

EXAMPLE

6-DOT CODE

BLAC:I~:ANS 1st ~IGIT 2~~ DIGIT--[;~~J--
CHARACTERIS(nC TOLEkANCE MULTIPLIER

The arrangement of dots under RET MA Standard REC-115A
is the same as in the example ahovc. The only difference is that
the first dot is 1v/iite instead of Murk.

47 jJ.jJ.f
(Voltage rating is always 500 v;
tolerance is always 20%.)

GENERAL" El.ECTRIC
SCHENECTADY, NEW YORK



CAPACITORS
CERAMIC DIELECTRIC

RETMA STANDARD REC-l07A
MILITARY STANDARD MIL-C-20A

Tolerance
Temperature Coefficient

Digits of (parts per million per 0C)
Color

Capaci- JfnUi- 10 !J.!J.f Over
tance plier or Less 1O!J.4
(!J.!J.j) (!J.!J.f) (%) RETi\IA MIL

Black 0 1 ±2.0 ±20 0 0
Brown 1 10 ±0.1 t ±1 -33 -30
Red 2 100 - ±2 -75 -80
Orange 3 1000 - ±2.5t -150 -150
Yellow 4 1O,000t - - -220 -220
Green 5 - ±0.5 ±5 -330 -330
Blue 6 - - - -470 -470
Violet 7 - - - -750 -750
Gray 8 0.01 ±O.25 - +150to-1500 +30
White 9 O.l ±1.0 ±1O +100 to -750 -330
Gold - .- - - - +100

,, ,
TE MP. COEFF. MULlIPLIER TOLERANCE

2200 !J.!J.f ± 5%,0 temperature
coefficient

TEMP, C,OEFF. MUL T,'PLIER 3,d q'C:T

---ciJtDttr-
,.. I '-

TOLERANCE 1st DIGIT 2nd DIGIT

4700 !J.!J.f ± 2%, 0 temperature
coefficient

~'ER

~-II-III-II-'II-II-III

TEMP. COEFF. 2nd'OIGIT TO'LERANCE

250 !J.!J.f ± 5%, 0 temperature
coefficient

2ndOIGIT--~'""'"--V--""n",,"

220 !J.!J.f ± 5%, 0 temperature
coefficient

1500 !J.!J.f ± 5%, -75 temperature
coefficient

(Voltage rating is always 500 v.)

510 !J.!J.f
(Voltage rating is always 500 v;

tolerance is always -0.)



CAPACITORS
PAPER DIELECTRIC

MILIT ARY STANDARD MIL-C-91 A

Digits Tem-
oj Multi-- Taler- Voltage Charac- pera-

Color Capaci- plier ance Rating* teristic ture
lance (%) (v d-c) Rating
(p.J.L!) (OC)

Black 0 1 ±20 - A 85
Brown 1 10 - 100 E 85
Red 2 100 - 200 - -
Orange 3 1000 ±30 300 - -
Yellow 4 10,000 - 400 - -
Green 5 - - 500 - -
Blue 6 - - 600 - -
Violet 7 - - 700 - -
Gray 8 - - 800 - -
White 9 - - 900 - -
Gold - - - 1000 - -
Silver - - ±10 - - -

VOLTAGE RATING FOR RECTANGULAR CAPACITORS
(Indicated by dimensions rather than color coding)

Maximum Dimensions
(inches) VoltageStyle Capacitance

Thick- CM ( p.J.L!) Rating
Length Width (v d-c)

ness

1000 400
'Vo, 1%, '/3, 20 2000-6000 200

10,000 120
2000-3000 400

'Yo, 'Yo, 1%4 22 6000-10,000 300
20,000 120

1000-2000 800

'%, 5%4 9/3, 30 3000 600
6000-10,000 400

20,000 120
3000 800

'%, 5%4 '75, 35 6000-10,000 600
20,000 300

3000-6000 600
17,i 403,1 9/3, 41 10,000 400

20,000 300
30,000 120

1000-6000 1000
10,000-20,000 600

1'%, '%, I Y32 42 30,000 400
50,000 300
100,000 120
10,000 1000

1'%2 49'64 1732 43 20,000-30,000 600
50,000-100,000 400
200,000 120

TUBULAR CAPACITORS
(COMMERCIAL ONL Yl

EXAMPLES

RECTANGULAR CAPACITORS
SILVER
MEANS 1st 0 I GIT 2nd DIGIT

-=1:: :t-
, , \
/ I \

CHARACTERISTIC TOL ERANCE MULTIPLIER

4700 p.p.f ± 10%. Characteristic A

15.000 p.p..f ± 20%.400 v

(~o characteristic or temperature rat-
ing)



FIRST DIGIT OF
CAPACITANCE IN

MICROMICROFARADS
(RED)

CAPACITOR COLOR CODE
SIX DOT COLOR CODE

SECOND DIGIT Of
CAPACITANCE IN

MICROMICROFARADS
{BROWNI

THIRD DIGIT OF
CAPACITANCE IN

MICROMICROFARADS
(ORANGfJ

WORKING
VOLTAGE
(BLUE)

DECIMAL
MULTIPLIER
(BROWN)

TOLERANCE
(ViOlET)

BLACK 0 BLACK 0 BLACK GOLD 5% TOL.

EXAMPLE, 2130 ""I. ±7'Y., 600 W.V. (Values for color shown in the above parenthesis) BROWN 1 BROWN 1 BROWN 0 SILVER 10Y. TOL.
RED 2 RED 2 RED 00 NO BAND 20% TOL.

THREE DOT COlOR CODE ORANGE 3 OR"NGE 3 ORANGE 000
FIRST DIGIT OF SECOND DIGIT OF YelLOW 4 YEllOW 4 YelLOW 0000
CAPACITANCE IN CAPACITANCE IN DECIMAL GREEN 5 GREEN 5 GREEN 00000

MICROMICROFARADS MICROMICROFARADS MUlTIPLIER
BLUE 6 BLUE 6 BLUE 000000

~t.~ VIOLET 7 ViOlET 7
GR"Y B GRAY 8
WHITE 9 WHITE 9

COLOR
DIGIT DECIMAL

TOLERANCE
WOiilKING

NUMERAL MULTIPLIER VOLTAGE

BLACK 0 1 20% -
BROWN 1 10 1% 100
RED 2 100 2% 200
ORANGE 3 1000 3% 300
YELLOW 4 10000 4% 400
GREEN 5 - 5% 500
BLUE 6 - 6% 600
VIOLET 7 - 7% 700
GRAY 8 - 8% 800
WHITE 9 - 9% 900
GOlD - 0.1 - 1000
SILVER - 0.01 10% -

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

YELLO" & ILut
RECTIFIER
FILAMENT

HLLOW...
AlO & YELLOW

RECTIFIER
PLATE VOLTAGE...

GRUIli

Ii.UN & Yf.llOW
TUBE FIL.
NO. I

UIUI

fllt(M ��

!Wow �� & TfLlOW
TUBE FIL.
NO.2

IRQ."

SLATt

SL4l.n & "LlO_ TUBE FIL.
NO.3

!tLATI

RESISTANCE VALUE: The nominol resistance valu~ In ohms is identified by
a three digit symbol. The first two digits are the first
two figures of the resistance value in ohms. The
third digit specifies the number of zeros which follow
the first two figures.

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

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

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

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

PLATE
ILUf GlUM

GRID
S

P E
R C
I ... ILt.CM 0
M B+ RETURN N
A D
R A
y R

BLUI 011 liIlItow" GRUIl Oil 'rILlO_ Y
PLATE

(STAAT)
GRID

(STAIIT)

In cases where use is made of a single primary and/or
a single secondary, the upper half of the diagram
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.



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

~~v--;./ ~ c.J-....r

1st Digit 2nd Digit Multiplier Tolerance Failure Rate-
Color A B C D E

Black 0 0 1 - -
Brown 1 1 10 '*'1% 1.0
Red 2 2 100 '*' 2% 0.1
Orange 3 3 1,000 '*' 3% 0.01
Yellow 4 4 10,000 '*' 4% 0.001
Green 5 5 100,000 - -
Blue 6 6 1,000,000 - -
Violet 7 7 10,000,000 - -
Gray 8 8 100,000,000 - -
White 9 9 - - Solderable*
Gold - - 0.1 '*' 5% -
Silver - - 0.01 '*'10% -
No Color - - - '*'20% -

* Band E, when :used on composition resistors, indicates 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.

Bla~i~ean, A B Mica Capacitor
~ Color Code
F~~ MILITARY STANDARD MIL-C-5CE 0 C

F G H-{~H}-
Digits of Capacitance (""f) Multi- Tolerance Characteristic. Working Operating Vibration

Color plier % See table below Volts DC Temperature Grade(cps)
A B C D E F G H

Black 0 0 1 ±20 - - -55 to +700C 10-55
Brown 1 1 10 ± 1 B - - -
Red 2 2 100 ± 2 C - -55 to +85°C -
Orange 3 3 1,000 - D 300 - -
Yellow 4 4 - - E - -55 to +125°C 10-2,000
Green 5 5 - ± 5 F 500 - -
Blue 6 6 - - - - -55 to +150°C -
Violet 7 7 - - - - - -
Gray 8 8 - - - - - -
White 9 9 - - - - - -
Gold - - 0.1 ~ 5 - - - -
Silver - - - '*'10 - - - -

*EacliefMIL-C-5capacitorsare not color coded on back. In such cases ignore F, G, H and use Voltage Rating Table below.
VOLTAGE RATING

(Indicated by dimensions rather than color coding)

Temperature Minimum
Charac- Coefficient .J.l1aximum Insulation
leristic (parts per Capacitance Resistance

million per °C) Drift (megohms)

B Not specified Not specified 7500
C '*'200 '*'0.5% 7500
D '*'100 '*'0.3% 7500
E -20 to +100 '*'(0.1% +0.1 ",,0 7500
F o to +70 '*' (0.05% +0.1 ",,0 7500

Maximum Inches Style Capacitance Rating
Long Wide Thick CM (""f) (v d-c)

3%, Y16 y" 15 5-510 300

5U4 'Y3, y" 20 5-510 500
560-1000 300

~ 'Y3, ~ 25 51-1000 500
5%, 5%, %, 30· 560-3300 500

5%, 5%, lY32 35 3600-6200 500
6800-10,000 300--- -- ---
3300-8200 500IV., 4%, 'v., 40 9100-10,000 300



Mica Capacitor Color Code
EIA STANDARD RS-153 A

White Means-{1}-
Digits of Capacitance (""f) Multiplier Tolerance Characteristic- Working Operating

Color D % See table below Voltage Temperature
A B C E* F G H

Black 0 0 0 1 "'20 A -- --
Brown 1 1 1 10 '" 1 B 100 V. DC --
Red 2 2 2 100 '" 2 C -- -55 to +85°C
Orange 3 3 3 1,000 '" 3 D 300 V. 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 7 7 - - - -- --
Gray 8 8 8 - - - -- --
White 9 9 9 - - - -- --
Gold - - - 0.1 - - 1,000 V. DC --
Silver - - - 0.01 "'10 - -- --

Temperature Minimum
Charac- Coefficient Maximum Insulation
leristic (parts per Capacitance Resistance

million per °C) Drift (megohms)

A "'1000 "'(5% +1 ""I) 3000
B "'500 "'(3% +1 ""I) 6000
C "'200 "'(0.5% +0.5 ""I) 6000
D ±100 "'(0.3% +0.1 ""I) 6000
E -20 to +100 "'(0.1% +0.1 ""f) ~OOO
- -- -- --
- -- -- --

VOLTAGE RATING
(Indicated by dimensions rather than color coding)

Maximum Inches Style Capacitance Rating
Long Wide Thick (""I) (v d-c)
-- ---5j.M 1~ Y:\, 20 5-510 ·500

560-1000 300--- -- --- --
1~ ''v., Y:\, 25 5-1000 500

1100-1500 300--- -- --- 470-6200 5005%. 5%. ,%, 30 Over 6200 300--- -- --- 3300-6200 5005%. 5%< % 35 Over 6200 300--- -- --- -- 100-2400 1000
1J,S, 'j.M 'J,S, 40 2700-7500 500

Over 7500 300

0@@
®®

Mica Capacitor Color Code
Obsolete Style BLANK--{0@§f=--{0@®}-
-{®®@®}-

(FRONT VIEW)

SOMETIMES

-{@®~
(BACK VIEW)

0®@-0®®
Digits of Capacitance (""f) Multiplier Tolerance % Voltage Rating

DotColor D E (v d-c)
A B C F

Black 0 0 0 1 "'20 -
Brown 1 1 1 10 '" 1 100
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 '" 5 500
Blue 6 6 6 1,000,000 '" 6 600
Violet 7 7 7 10,000,000 '" 7 700
Gray 8 8 8 100,000,000 '" 8 800
White 9 9 9 1,000,000,000 '" 9 900
Gold I - - - 0.1 '" 5 1,000
Silver -

I
- - 0.01 "'10

I
2,000

No Color - - - - "'20 500



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.,
tolerance is always -0.)

Feed Through Capacitors
(EIA ONLY)

3-Dot Button Capacitors
(EIA ONLY)

C F

* *CO····t tB E

High Capacity Tubulars
(Insulated or Non-Insulated)

~~
A EF F C

Tubular Capacitors
(Voltage rating is always 500 v.)

Tubular Capacitors
(Old RMA)

B E

~
A C F

Stand-Off Capacitors
(EIA ONLY)

C

5-Dot Disc Capacitors
(EIA ONLY)

(Voltale rating is
always 500 v.)

A C F

~ I I� 1.1.
f f8 E

MIL Style CC
Rectangular

Not.: Styles CC-60 through CC-71
will be color coded here with
Green=500 and Brown = 150,
working volts DC.

I Digits of Tolerance Temp. Coef. A
. Capacitance (}t}Lf) F (Parts per million per °C.)

Color Multiplier 10 }L}Lf or] Over 10
B C D E less (}L}Lf) }L}Lf (%) EIA MILITARYt--

Black 0 0 0 1 ±2.0 ±20" ±O ±o
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 ±0.25" - +150 to -

-1500
White 9 9 9 0.1 ± 1.0 ±10 +100 to -

-750
Gold - - I - - I - - - +100



Ceramic Capacitor Color Code
EIA STANDARD RS-198

MILITARY STANDARD MIL-C-20D

3-Dot Disc Capacitors
(RETMAONLY)

(Voltage rating is always 500 v.,
tolerance is always -0.)

Feed Through Capacitors
(EIA ONLY)

3-Dot Button Cap.citors
(EIA ONLY)

C F
, *0) ����

f tB E

High Capacity Tubulars
(Insulated or Non-Insulated)

~~
A EF F C

Tubular Capacitors
(Voltage rating is always 500 v.)

Tubular Capacitors
(Old RMA)

B E

~
A C F

Stand-OH Capacitors
(EIA ONLY)

C

5-Dot Disc Capacitors
(EIA ONLY)

(Voltage rating is
always 500 v.)

A C F

~ I I� ����t ta E

Mil Style CC
Rectangular

Not.: Styles CC·60 through CC·71
will be color coded here with
Green = 500 and Brown = 150.
working volts DC.

I Digits of Tolerance Temp. Coef. A
. Capaci tance Vt}lf) F (Parts per million per °C.)

Color Multiplier 1° }l}lf or) Over 1OB C D E less Vt}lf) }l}lf (%) EIA MILITARYt
--

Black ° ° ° 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 "'0.25* - +150 to -

-1500
White 9 9 9 0.1 '" 1.0 "'10 +100 to -

-750
Gold - - I - - I - - - +100



Paper Capacitor Color Code
MILITARY STANDARD MIL-C-91A

(Commercial codes are same except as noted)
SILVER
MEANS
PAPER

Tubular Capacitors
(Commercial Only)

F 0 C
Rectangular Capacitors

Digits of Tubular Temp. Rating
Capacitance (IJ.IJ.f) Tolerance Voltage Rating °C and

Color Multiplier % (v d-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 -
Green 5 5 - - 500 -
Blue 6 6 - - 600 --
Violet 7 7 - - 700 -

Gray 8 8 - - 800 -
White 9 9 - - 900 -
Gold - - - - 1,000 -
Silver - - - ± 10 - -

VOLTAGE RATING FOR
RECTANGULAR CAPACITORS

(Indicated by dimensions rather than color coding)

Maximum Dimensions
(inches)

Style I Capacitance
Thick- C.V (""I)

Len(Jth Width ness
--- -- --

1000,~ 15,12 7/s'2 20 2000-6000
10,000--- -- --

2000-3000,~ 3~ I,.. 22 6000-10,000
20,000

--- -- --
1000-2000
3000",.. ,~ 9/£2 30 6000-10,000
20,000

--- -- --
3000,~.. ,~ 11/f2 35 6000-10,000
20,000

--- -- --
3000-6000
10,000

1)4 .~ % 41 20,000
30,000

--- -- --
1000-6000

10,000-20,000II'~ .~ 11~ 42 30,000
50,000
100,000

--- -- --
10,000

20,000-30,000
Jl% .~ 1% 43 50,000-100,000

200,000

Voltage
Rating
(v d-c)

400
200
120

400
300
120

800
600
400
120

800
600
300

600
400
300
120

1000
600
400
300
120

1000
600
400
120

76

TYPOGRAPHICALLY MARKED

TUBULAR CERAMICS

TEMPERATUREaCO"",,,,,~6C CAPACITANCE (MMF.J

K TOLERANCE

JAS
LETTER

10 ""I
or Les.'1

C ± 0.25 ""I
D ± 0.5 ""I
F ± 1.0 ""I
G ± 2.0 ""I

Ii:

M

± 1%

± 2%

± 50/0

± 10%

± 20%



Military Capacitor Letter-Number Codes
The long used color-code method of identifying fixed capacitors 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-
tronics 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 MIL-C-91, MIL-C-20 and MIL-C-5 specifications now used in place of the color
codes shown on the three preceding pages.

MIL-C-9IA TYPE CN

22
CD

202
@

® CHARACTERISTIC

Rectangular molded case styles,
20, 22, 41, 42, 43. Square
molded case styles, 30, 35.

A= -55 to +85°C
E=-55 to +85°C

as per tables and charts in
MIL-C-91

Q) VOLTAGE
DCworking at 40°C.

y= 120 F=600
C= 200 Z= 800
X= 300 G = 1,000
E=400

Expressed in picofarads. First
two digits represent significant
figures. Last digit indicates the
number of zeros to follow.

® CAPACITANCE
TOLERANCE

K= ±10%
M= ±20%
N= ±30%



Military Capacitor Letter-Number Codes

TYPE CC

CC 20 A K OR5 C
CD ® <ID @ ®

CD STYLE @ CAPACITANCE

Radial lead tubular case, 500 Expressed in picofarads. First
DC working volts,styles, 20, 22, two digits represent significant
25, 27, 30, 31, 32, 33, 35, 37, figures. last digit indicates the
45,47. Axial lead tubular case, number of zeros to follow.
500 DC working volts, styles, When fractional values are re-
21, 26, 36. Disccase, 500 DC quired, the letter "R" indicates
working volts, styles, 50, 51, the placing of the decimal
52,53. Rectangular case styles, point, and the following digits
60, 62, 64, 66, 68,70, all 150 represent significant figures.
DC working volts; and 61, 63,
65, 67, 69, 71, all 500 DC
working volts.

I

® TEMPERATURE
COEFFICIENT

A= P100 = +100
® CAPACITANCE

C = NPO = ±o
TOLERANCE

H = N30 = -30 C= ± 0.25 picofarads
l = N80 = -80

0= ± 0.5 picofarads
P = N150 = -150
R = N220 = -220 F = ± 1% (± 1.0 pf @,;:; 10 pf)
S = N330 = -330

G= ±2% (±2.0 pf @';:; 10 pf)
T = N470 = -470
U = N750 = -750 J = ±5%

all as per charts in Mll-C-20D
K= ±10%

<ID T-C TOLERANCE
BAND ENVELOPE

F, G, H, J, K, all as per curves
in Mll-C-20D



Military Capacitor Letter-Number Codes

MIL-C-5C TYPE CM
Capacitors � Fixed � Mica Dielectric

CM 15 C 0 100 K N 3
<D ® Q) ® ® ® (j)

<D STYLE

Dipped rectangular case styles, OS, 06,
07,08. lead mounting molded case styles,
15, 20, 30, 35, 40. Ear mounting molded
case styles, 45, 50. Semi-hexagonal mold-
ed case, topped mounting holes styles, 55,
60. Molded case, potted styles, 65, 70.
Stock mounting ceramic case, potted elip-
tical base styles, 75, 80, 85, 90. Stock
mounting ceramic case, potted, circular
base style, 95.

® CHARACTERISTIC

Sym-
Temperature

CapacitanceCoefficientI bol Parts/Million;oC Drift

8 Not Specified

C -200 to +200 ±(O.5% +0.1 pf)
D -100 to +100 ±{O.3% +0.1 pfl
E -20 to +100 ±(0.1% +0.1 pf)
F o to + 70 ± (0.05% +0.1 pf)

Q) VOLTAGE RATING This rating not shawn Ion earlier production.

Symbol Volts Symbol Volts I Symbol Volts

B 250 J 2,000 R 10,000
C 300 K 2,500 S 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

I
G 1,200 P 6,000 W 30,000
H 1,500 Q 8,000 X 35,000

Expressed in picofarads. First two digits
represent significant figures. last digit
indicates the number of zeros to follow.

® CAPACITANCE
TOLERANCE

F = ±1% or 0.5 pf,
whichever is greater.

G = ± 2%
J = ± 5%
K = ±10%

® OPERATING
TEMPERATURE RANGE

M = -55°C to + 70°C

N = -55°C to + 85°C

0= -55°C to +125°C

P = -55°C to + 150°C

(j) VIBRATION
GRADE

,= 10 to 55 cps
3 = 10 to 2,000 cps



The color codes on the preceding and two
following; pages arp used IIY most radio and
instrument manufacturers in the wiring of
thpir products, and !>y parts manufacturers
for idcntifying lead placement or resistor and
capacitor values, ratings, and tolerances.
These have !>een included for whatever help
they may providp in identifying parts and

leads when trou!>lp-shooting. Since all manu-
facturers do not usp t IH'se codes, howevpr, due
caution must he ohsprn,d to determine wh<'lher
or not the set, inst I'llment. or part undpr I'X-

amination does or dol'S not follow thp ('otle
colors givpn hen'. A quick check \\';1" a volt-
meter, ohmmeter, or continnity meter is usu-
ally all t hat is nl'pdpd to l'stahlish t his fact.

PRIMARY
NOT TAPPED

!
PRIMARY
TAPPED

!
RED

f
RED-YELLOW HIGH

VOLTAGE

RED

YELLOW }YELLOW- BLUE RECTIFIER
FILAMENT

YELLOW

GREEN }GREEN-YELLOW AMPLIFIER
FILAMENT

NO.1
GREEN

BROWN }BROWN-YELLOW
AMPLIFIER
FILAMENT
NO.2

BROWN

SLATE }SLATE - YELLOW
AMPLIFIER
FILAMENT
NO.3

SLATE

Battery
Cable
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FIELD

COIL

LEADS

GRID OR DIODE
RETURN, AVC,
OR GROUND

GRID OR
HIGH SIDE OF
MOVING COIL

RETURN OR
LOW SIDE OF
MOVING COIL



Bulb Maximum Size Bulb Bulb Lamp(See Chart Below)
Silhouette No. Base Type NumbersA B I c
------- ---

+~tr PR2%," W 1'4" B-3V, S.C. Flange Small PR3
(Miniature) Round PR4

T 1 PR6
PR12

'---

T~~ %," 0/0" ,~" G-3V, 2-Pin Small 12
(Miniature) RoundL U~~

T~1 40
41

Screw
42

I%," ,~" 1~" T-3'4 Tubular 46
(Miniature) 481~~ 1892

-------- --- --~

I~l 43
44

Bayonet 45
'%," ~" 1~" T-3'4 (Miniature) Tubular 47

49
1490
1891

~ATITi %," '%," I~" G-3V, Screw Small 50
B' C (Miniature) Round

L~~

rij'1 %," V," ,~.. G-3V, Bayonet Small 51
(Miniature) Round

L '--1

&r ~.. V," 1~" G-4V, Bayonet Large 55
(Miniature) Round 57

B C
---

L' -l 0/," 0/0" 1~" G-5
Bayonet Large 1458

(M iniature) Round

II ¥t" - 1~6" TL-3 Screw Pinched 112

I
(Miniature) Round

I
222

I



Lamp Bead

I
Base Bulb Rating

No. Color (Miniature) Type Volts Amps. Used For

PR-2 Blue Flange B-3'12 2.4 0.50 Flashlights
PR-3 Green Flange B-3112 3.6 0.50 Flashlights
PR-" Yellow Flange B-3V2 2.3 0.27 Flashlights
PR-6 Brown Flange B-3112 2.5 0.30 Flashlights
PR-12 White Flange B-3112 5.95 0.50 Flashlights
12 2-Pin G-3112 6.3 0.15 Dials
.�0 Brown Screw T-3\4 6-8 0.15 Dials
U White Screw T-3\4 2.5 0.5 Dials
.�2 Green Screw T-3\4 3.2 1 Dials
U White Bayonet T-3\4 2.5 0.5 Dials and Tuning Meters
U Blue Bayonet T-3\4 6-8 0.25 Dials and Tuning Meters
.�5 Bayonet T-3\4 3.2 1 Dials
.�6' Blue Screw T-3\4 6-8 0.25 Dials and Tuning Meters
n Brown Bayonet T-3\4 6-9 0.15 Dialsn Pink Screw T-3\4 2.0 0.06 Battery Set Dials
.�9 Pink Bayonet T-3\4 2.0 0.06

~~\~~rAa~f~ g:::~50 White Screw G-3112 6-8 0.2 Flashlights
51' White Bayonet G-3112 6-8 0.2 Auto-Radio Dials Panel Boards
55 White Bayonet G-4112 6-8 0.4 Auto-Radio Dials Parking Lights
57 White Bayonet G-4112 14 0.24 Auto Radio Dials
112 Pink Screw TL-3 1.1 0.22 Flashlights
222 White Screw TL-3 2.2 0.25 Flashlights; Soldering Guns
U58 Bayonet G-5 20.0 0.25 Dials
1UO White Bayonet T-3\4 3.2 0.15 Dials
1891 Pink Bayonet T-3V2 14 0.23 Auto Radio Dials
1892 White Screw T-3V2 14 0.12 Auto Panel Lights

·White in a.E. ano Sylvania; Green in National Union R~ytheon and Tung-Sol.
10.35 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 Overall Base Current Volts, Watts
Number Useful Life- Length in Ma. AC or DC 110-125 V.

NE-2H 25,000 %' 2' Wire Term. 1.7 110-125 1/5
NE-2J 25,000 10/1,' S.C. Mid. Flange 1.7 110-125 1/5
NE-2P 25,000 2A' " Wire Term. 1.7 I 110-125 '1/5
NE-51H 25,000 1~' Min. Bay. 1.2 110-125 1/7

NE-2 25,000 11;\, " Wire Term. 0.5 110-125 1/17
NE-2D 25,000 lo/j,' S.C. Mid. Flange 0.6 110-125 1/15
NE-2E 25,000 %' 2' Wire Term. 0.6 110-125 1/15
NE-2M 25,000 'A' ,. Wire Term. 0.5 110·125 1/17
NE-7 7,500 1\4" lY,' Wire Term. 2.0 110-125 \4
NE-17 7,500 lY2' D.C. Bay 2.0 110-125 II.
NE-21 7,500 lY2" S.C. Bay 2.0 110-125 \4
NE-30 10,000 2\4" Mad. Screw 12.0 110-125 1
NE-3" 10,000 311, Mad. Screw 18.0 110-125 2
NE-"2 10,000 3'VI' D.C. Bay 30.0 110-125 3
NE-"5 7,500 11%," Cando Screw 2.0 110-125 \4
NE-'" 7,500 lY2" D.C. Bay 2.0 110-125 \4
NE-51 15,000 1JO, Min. Bay 0.3 110-125 1/25
NE-56 10,000 2\4" Med. Screw 5.0 220-250 1
NE-57 , 7,500 111'12- Cando Screw 2.0 110-125 \4
NE-58 I 7,500 I P%," Cando Screw 2.0 220-250 112
NE-79 I 10,000 2" D.C. Bay 12.0 110-125 I 1

AR-1
AR-3
AR-"
AR-9

1,000
150
150
50

Mad. Screw
Cando Screw
D.C. Bay
1· Wire Term.

110-125
110-125
110-125
110-125



Schematic Symbols

Used in Radio Diagrams

17 ANTENNA -- IRON CORE 00 0 SWITCH
(AERIAL) ~ CHOKE COIL 0 0 (ROTARY OR

0+-0 0 SELECTOR)

....L ][R.F. t CRYSTALGROUND TRANSFORMER
(AIR CORE) DETECTOR

® ANTENNA ]II[ A.F. LIGHTNINGTRANSFORMER --(LOOP) (IRON CORE) ARRESTER

WIRING METHOD 1

~

POWER-+- TRANSFORMER ~ FUSECONNECTION P -11' VOLT PRIMARY-+- ] ~ "~:::.:::~::S FILAMENTS OF 6)NO CONNECTION p 2 SIGNAL CIRCUIT PILOT LAMP
TUBES

52 - SECONDARY FORE "mu ,,"WIRING METHOD 2 FILAMENT

99-+- 5353_ CENTER-TAPPED HEADPHONESCONNECTION HIGH - VOLTAGE
SECONDARY-t- NO CONNECTION

.l FIXED

~
LOUDSPEAKER,

T CAPACITOR
(MICA OR PAPER) P.M. DYNAMIC

1 1 :tL FIXED

M~
LOUDSPEAKER.TERMINAL q' CAPACITOR ELECTRODYNAMIC

(ELECTROLYTIC)

---±jF- ONE CELL OR ¥ ADJUSTABLE

~"A" BATTERY OR VARIABLE PHONO PICK-UP
CAPACITOR

MULTI-CELL OR f---f ADJUSTABLE W VACUUM TUBE---±jIlt=- OR VARIABLE HEATER OR"B" BATTERY CAPACITORS FILAMENT
(GANGED)

JEj ~I.F. Q- VACUUM TUBE--NNo-- RESISTOR TRANSFORMER CATHODE(DOUBLE· TUNED)

T POTENTIOMETER
-&-

POWER SWITCH 0- VACUUM TUBE
(VOLUME CONTROL)

~<>- S. P. S.T. GRID

-rr TAPPED RESISTOR

~
SWITCH rbJ VACUUM TUBE

OR VOLTAGE --0
S. P. D.T. PLATEDIVIDER

X ---0-(<>- W 3-ELEMENT
SWITCH VACUUM TUBERHEOSTAT

-if<>- D.P. S.T. (TRIODE)

~
~o- 0oALIGNING KEY

~ AIR CORE SWITCH OCTAL BASE
CHOKE COIL ~o- D.P. D.T. TUBE



Schematic Symbols

Used in Radio Diagrams

o J;Ul. SLI DE C�> ~
FILAMENT rr==:r=J= PHONE-o '!l""'ll" SWITCH LAMPS PLUG

~.o
MULTI- ¢ ¢ NEON n-- - PHONO
CONTACT LAMPS PLUG
SWITCH

CO GENERAL ~ @ INTER-

MICROPHONE METER .. CONNECTING
Male PLUG

[nD= CAPACITOR Q @ INTER-

MICROPHONE
METER CONNECTING

Female PLUG

[Xrr DYNAMIC ]11' VARIABLE :[t LINE
MICROPHONE " CORE

PLUG

'"
m

INDUCTOR

C® PIEZOELECTRIC

CRY~TAL
..J..

CRYSTAL=MICROPHONE ]~ T FREOUENCY
DETERMINING

VARIABLE

~~
CORE .J.. PIEZOELECTRIC

PHONE INDUCTOR CRYSTAL
JACK 'T FREOUENCY

DETERMINING

E PHONE ] # PIEZOELECTRIC

JACK AIR CRYSTAL
CORE MONAURAL
INDUCTOR PHONO CARTRIDGE

O~ PHONE
.",J.....k PIEZOELECTRIC

JACK ] ~
CRYSTAL
STEREO PHONO

IRON CARTRIDGE
CORE

1 PHONO
INDUCTOR ~ RECTIFIER

JACK OR DIODE

]" -@- -E!P-- SHIELDED
on POWDERED-on

PAIR
on IRON CORE

~
on

SHIELD
on INDUCTORon
on ZENER DIODE DOUBLE ANODE
'"

- SHIELDED
--~ WIRE ~ ~=®-t,SILICONSHIELD o----J CONTROLLED

I RECTIFIER
r-----'

]111
RELAYS

I , SHIELDED
I I ASSEMBLY CollectorL _____ .J

Ba~

PNP
- TYPE

---1--- COMMON Reset TRANSISTOR

GROUND r-- ---- {]~,.Button--~ -- Emitter

I I

- -- - - - - - ~CIRCUIT

~

NPN--:.t....- - -...t.: - BREAKER
~ WIRES SHIELDED -=:-

, I TYPE
':.-_________ -1 TRANSISTOR

BETWEEN TWO POINTS



Prefix Symbol Power Numerical Valueof 10

tera T 1012 trillion 1,000,000,000,000
1011 hundred-billion 100,000,000,000

1010 ten-billion 10,000,000,000

giga G 109 billion 1,000,000,000

108 hundred-million 100,000,000

107 ten-million 10,000,000

mega M 106 million 1,000,000
105 hund red- thousand 100,000

myria my 10~ ten-thousand 10,000

kilo k 103 thousand 1,000

hecto h 102 hundred 100

deka da 101 ten 10

100 one 1

deci d 10-1 tenth .1

centi c 10-2 hundredth .01

milli m 10-3 thousandth .001
10-~ ten-thousandth .0001
10-5 hu nd red -thousandth .00001

micro p, 10-6 millionth .000 001
10-7 ten-millionth .000000 1
10-8 hundred-millionth .000 000 01

nano n 10-9 billionth .000000001
10-10 ten-billionth .000 000 000 1
10-11 hund red -billionth .000 000 000 01

pico p 10-12 trillionth .000 000 000 001
10-13 ten-trillionth .000 000 000 000 1

10-14 hund red-trillionth .000 000 000 000 01

femto f 10-15 quadrillionth .000000 000 000 001
10-16 ten -quadri Ilionth .000 000 000 000 000 1
10-17 hund red -quad rillionth .000000 000 000 000 01

aHo a 10-18 quintillionth .000 000 000 000 000 001



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

E1= -,
Z

EZ = -,
I

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

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

X
ratio and is expressed by

R

X
arc tan-

R

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

R = the non-reactive resistance in
ohms,

of the combined resistivc and reactive com-
ponents of the circuit under consideration.

Therefore

in a purely resistive circuit, () = 0°
in a purely reactive circuit, () = 90°
and in a resonant. circuit, () = 0°

al.>uwhen

() = 0°, cos () = 1 and P = EI,
() = 90°, cos () = 0 and P = o.

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

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

f = EI cos () = cos ()
p.. EI

pI = the circuit load powerfactor,
EI cos FJ = the true power in watts,

EI = the apparent power in volt-
amperes,

E = theappliedpotentialinvolts

I = load current in amperes.

The fundamental Ohm's law formulas for
d-c circuits are gi\'en by,

E1= -,
R

ER = -,
I

where I = current in amperes,

R = resistance in ohms,

E = potcntial across R in volts,

P = power in watts,



Known
Formula. 'or Determining Unknown Value. 0' ...

Value. I R PE

1& R IR I'R

E EI1& E -
I

P P
1& P - -

I' I

E E' ,
R&E - -

R R

R&P
~

VPR

P E'
E&P - -

E P

Known
Formula. 'or Determining Unknown Value. 0' ...

Value.
I Z E P

I&Z IZ I'Z CDS 8

1& E E IE CDS 8-
I

P P
1& P --- --

l' CDS 8 I CDS 8

E E' CDS 8
Z&f -

Z Z

ZAP
~ZC~S8 ~ CDS 8

P E' CDS 8
f&P -- ---

Ecos8 P



Coil Winding Data

Gauge Number of Turns per Linear Inch
(AWG)
or D.S.C.

(8&.5) Enamel S.S.C. and D.C.C.
S.C.C.

--- --- ---

1 - - 3.3 3.3
2 - - 3.8 3.6
3 - - 4.2 4.0
4 - - 4.7 4.5
5 - - 5.2 5.0

6 - - 5.9 5.6
7 - - 6.5 6.2
8 7.6 - 7.4 7.1
9 8.6 - 8.2 7.8
10 9.6 - 9.3 8.9

11 10.7 - 10.3 9.8
12 12.0 -- 11.5 10.9
13 13.5 - 12.8 12.0
14 15.0 - 14.2 13.8
15 16.8 - 15.8 14.7

16 18.9 18.9 17.9 16.4
17 21.2 21.2 19.9 18.1
18 23.6 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 51.7 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 72.7 68.6 60.2 48.5
29 81.6 74.8 65.4 51.8
30 90.5 83.3 71.5 55.5

31 101. 92.0 77.5 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. 73.5

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 accurate to within approx.
1% for nearly all small air-core coils, where

L = self inductance in microhenrys,
N = total number of turns,
r = mean radius in inches,
i = length of coil in inches,
b = depth of coil in inches.

(rN)2
L = 9r + lOi

N = .yL(9r + IOl)
r

r-r~
o

I
o

I
O.8(rN)2

L = 6r + 9l + lOb

(rN)2
L =sr+ llb



Vacuum Tube Formulas and Symbols

~ Ep ( . h"I )f..I. = -- Wit p constant
~ E.

J)ynamic platc re::;istance In ohms, IS
given by

Tp = ~ Ep (with E. constant)
~ Ip

i\futuul conductance in mhos, is given by

gm = ~ Ip (with Ep constant)
~ E.

Voltage output appearing 10 RL is given
by

Maximum power output in RL which results
when RL=Tp, is given by

(f..I.E.) ,

4Tp

Maximum undistorted power output in RL.
which results when RL = 2Tp, is given by

2 (f..I.E.),
9Tp

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

E.
It

Mu or f..I. = Amplification factor,
Tp = Dynamic plate resistance In

ohms,
gm = Mutual conductance in mhos,
Ep = Plate voltage in volts,
E. = Grid voltage in volts,
Ip = Plate current in amperes,
RL = Plate load resistance in ohms,
It = Total cathode current in am-

peres,
E. = Signal voltage in volts,
~ = change or variation in value,

which may be either an incre-
ment (increase), or a decrement
(decrease).

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 Av.



1
1 1 1_ + _ + _ ... etc.
R, R2 R,

Two resistors
in parallel

1
1 1 1_ + _ + _ ... etc.
G, G2 G,

G _ G,G2

t - G. + G,
Two capacitors
in series

The Quantity of Electricity Stored Within
a Capacitor is Given by

Q = GE
Q = the quantity stored, III

coulombs,
E the potcntial impressed

across the capacitor III

volts,
G = capacitance in farads.

The Capacitance of a Parallel Plate
Capacitor is Given by

G = 0.0885 KS (~ -1)

where G = capacitance in lllmfu.,
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 Sand d are given in inches, change
constant 0.0885 to 0.224. Answer will still be
in micromicrofarads.

DIELECTRIC CONSTANTS
Kind of Approximate"
Dielectric K Value
Air (at atmospheric pressure) . 1.0
Bakelite.... . . . . . . . . . . . . . . . . . . 5.0
Beeswax. . . . . . . . . . . . . . . . . . . . . . . .. 3.0
Cambric (varnished)... . . . . . . . . . . .. 4.0
Fibre (Red) . . . . . . . . . . . . . . . . . . . . .. 5.0
Glass (window or /lint). . . . . . . . . . . .. 8.0
Gutta Percha.. . . . . . . . . . . . . . . . . . .. 4.0
Mica. . . . . . . . . . . . . . . . . . . . . . . . . . .. 6.0
Paraffin (solid). . . . . . . . . . . . . . . 2.5
Paraffin Coated Paper. . . . . . . . . . . .. 3.5
Pr.rcelain.... . . . . . . . . . . . . . . .. .. . .. 6.0
Pyrex..... .. . .. 4.5
Quartz. . . . . . . . . . . . . . . . . . . . . . . . . .. 5.0
Rubber. . . . . . . . . . . . . . . . . . . . . . . . .. 3.0
Slate..... . . . . . . . . . . . . . . . . . .. . . . 7.0
Wood (very dry).. . . . . . . . . . . . 5.0

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

1
1 1 1- + - + - ... etc.
L, L2 I,.

Two inductors
in parallel

Coupled Inductance

In series with fields aiding
Lt = L, + L2 + 2M

In series with fields oPJlosing
Lt = L. + L2 - 2M

In parallel with fields aiding
1

1 + 1
L, + M L2 + M

In parallel with fields opposing
1

1 1--+--
L. - M L2 - M



where L, = the total inductance,

M = the mutual inductance,

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

The mutual inductance of two r-f coils with
fields interacting, is /!;iven by

M = LA - Lo
4

where M = mutual inductance, expressed
in same units as LA and La,

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 inductively coupled
so as to give transformer action, thr coup-
ling coefficient is expressed by

M
K-v~- L, L.

where K = the coupling coefficient;
(K X 10' = couplin/!; coeffi-
cient in %),

M = t.he mutual inductance value,

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

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

1
fr= -

271'"VLC

also L = 1
471'"' Ir' C

where fr = resonant frequency in cycles
per second,

L = inductance in henrys,
C = capacitance in farads,

271'" = 6.28
471'"' = 39.5

XL = 271'"fL

of a capacitance is expressed by

X 1
c = 271'"fC

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

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

f = frequency in cycles per sec-
ond,

L = inductance in henrys,
C = capacitance in farads,

271'" = 6.28

3 X 10'f = --;\- (kilocycles)

where;\ = wavelength in /IIeters.

3 X 10'f = --;\- (megacycles)

where;\ = wavelength in centimeters.

3 X 10'
;\ = --f- (meters)

where f = frequency in kilocycles.

3 X 10' .
;\ ,= --- (centimeters).r

whprc f = frequency in megacycles.



a ratio expressing. the figure
of merit,

RL = resistance in ohms acting; in
series with inductance,

Rc = resistance in ohms acting in
series with capacitance,

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

In general the basic formulas expressing
total impedance are:

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

R
Z=-

cos 0
Z = X

sin 0

where Z = magnitude of impedance III

ohms,

R resistance in ohms,

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

Z = absolute or numcri'cal value of
impedance magnitude in ohms

R = resistance in ohms,

XL = inductive reactance in ohms,

Xc = capacitive reactance in ohms,

L = inductance in henrys,

C = capacitance in farads,

RL= resistance in ohms acting 111

series with inductance,

Rc = resistance in ohms acting III

series with capacitance.

o = phase angle in degrees by which
current leads voltage in a ca-
pacitive circuit, or lags voltage
in an inductive circuit. In a
resonant circuit, where XL
equals Xc, 0 equals 0°.

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

Z=R
0=0°



RI RZ R3
-'VWv--~

of resistance in series
Z = R, + R, + R�... etc.
(J = 0°

of inductance alone
Z = XL
(J = + 90°

of inductance in series
Z = XL' + XL' + XL �... etc.
(J = + 90°

of capacitance alone
Z = Xc
(J=-90°

~t----1P---i~
of capacitance in series

Z = XCI + Xc, + Xc �... etc.
(J=-900

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

Z = _1 (C, + C,)
2nf C, C,

(J=-900

of resistance and inductance in series

Z = VR' + XL'
Xl,

(J = arc tan ~
R

of re~istance and capacitance in series

Z =VR' + Xc'
Xc

(J = arc tan
R

of inductance and capacitance in series

Z = XL - Xc

(J = -90° when XL < Xc

= 0° when XL = Xc

= + 90° when XL> Xc

of resistance, inductance and capacitance
in series

XL - Xc(J = arc tan ----
R

of resistance in parallel
1

1 1 1_ + _ + _ ... etc.
R, R, R.

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

Z = R, R,
R, +R,

(J = 0°

Z=--------
1 1 1-+-+-XLI XL' XL.'" etc.



~.

~
or where only 2 in.ductances L, and [" are
involved,

Z = 2'1IJ ( L, L, )
L, +L,

8 = + 90°

1
III-+-+-Xc, Xc, Xc, ... et.c.

or where only 2 capacitances C, and C, are
involvcd,

1
Z=----

hf (C, + C,)
8 = - 90°

z = RXL
VR' + XL'

R
0= arc tan -

XL

of capacitanc(' and rcsistancc in parallel,

Z = RXc
VR'+Xc'

R
8 = - arc tan --

Xc

z = XLXC
XL - Xc

of inductance, resistance and capacitance in
parallel

Z = RXLXc

V XL' Xc' + (RXL - RXc)'

RXc - RXL
8 = arc tan -----

XL Xc

of inductance and series rcsistance in paral-
lel with capaeitance

8 t (
XL XC' - XL' - fl')= arc an -----.----

RXc

of capacitance and sNip;; l'l'sj;;l :lI}('(' in par-
allel with induetune(' and s('rip;; r(';;istance

X,,(Rc'+Xc') -Xc (RL'+Xf})
8=arc tan RL(Rc'+Xc') + flc(Rf!+ XL')



III direct current circuits, conductancc IS
expressed by

IG=-
R

where G = (·(;nductancc in mhos,

R = resistance in ohms.

III <I-e circuits invoh'ing resistances RI, R2,
Ra, etc., in paralll-I,

the total conductance is e:'C]J1'essedby

G total = G. + G, + G3 .' de.

alld the totll1 current by

and the amount of CUTrent in any single resis-
tor, R, faT eXllllljJ!I', in II parallel grm/p, by

I, =
G, + G, + G3 ��� etc.

R, E and I in Uhm's la\\' formulas for d-('
circuits may be expre::;sed ill terms of con-
ductance as follows:

1R=-
G'

I
E= G'

where G = conductance in Inhos,
R = resistance in ohms,
E = poll'lIt ial in volts,
I = current in amperes.

In an alternating current circuit, t he sus-
ceptance of a ~('ries circuit is expressed by

X
B=---

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

B=~
X

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

In an alternating current circuit, tlw ad-
mittance of a series eircuit. is expressed by

y _ 1
VR'+X'

Admit.tance is also expressed as the recipro-
cal of impedance, or

Iy=-
Z

where Y = admittance in mhos,

R = resistance in uhms,
X = reactance in ohms,
Z = impedance in ohms.

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

R = G
G' + B"

B
G' +B'

In allY givell a-I' ('in·uit. ccntaining a
nund)('r of ~Illalll-]' pa nt !Ie] cir('u its only,

the effectil'e cond1lctance G, is expressed by
G, = G1 + G, + G3 ��� etc.,

and the e/rectil'e susceptance B, by
B, = B1 + B, + IJ3 ��� etc.

and the e/rcctil'e admit/a lice Y1 by

Y, = vG,' + B,'
and the effective impedance Z, by

Z, = I or J_
VG,' + B,' Y,

where R = resistance in ohms,
X = reactance (capaciti\'e or induc-

tive) in ohms,
G = conductance in Illhos,
n = susceptance in mhos,
Y = admittance in mhos,
Z = impedance in uhms.



Useful Information Pertaining to
Audio Amplifiers
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Reference Level
o dbm = 1 milliwaH, 600 ohms

Milliwatt5 Volts DBM
.000001 .0007746 -60
.000010 .002449 -50
.000100 .007746 -40
.001 .02449 -30
.010 .07746 -20

0.100 .2449 -10
1.000 .7746 0
WaHs 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

For impedances
other than 600 ohms,
multiply all resistors

Zx
by Factor 600

Loss in DB EIA Resistor Values' Loss in DB EIA Resistor Values'

R, R R, I R, R R,

Y2 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
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