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MOST USED FORMULAS

Frequency frem Wavelength

' ]
fu3 ’;’0 (kilocycles)

where\ = wavelength in mefers.

¢
/- 3 >;10 (megacycles)

where A = wavelength in centimeters.

Wavelength from Frequency
3 x 10°
)

A= (meun)

where f = frequency in kileeycles.

A=

3 >(! 10° (centimeters)

where / = frequency in megacycles.

The resonant frequency, or frequency at
which inductive reactance X1 equals capac-
itive reactance Xc, is expressed by

1

- 2vrVILC

!
ix' f,°C

S
also L =

1
and C-‘—IT.__—I,'L

where f, = resonant frequency in cycles
per second,
L = inductance in henrys,
C = capacitance in farads,
2% = 6.28
ir* = 305

Resclance
of an inductance is expressed by
Xe = 2xfL
of a capacitance is expressed by

1

Xe = 22/C

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

Xc = capacitive rectance in ohmes,
(known as negative resc-
tance),

J = frequency in cycles per sec-
ond,
L = inductance in henrys,
C = capacitance in farads,
27 = 6.28

Q or Figure of Merit

ofa simple reactor

Q-2

Re
of a single capacitor

- Xe
Re

where Q = a ratio expressing.the figure
of merit,

X. = inductive reactance in ohms,
X¥c = eapacitive reactance in ohms,

RL = resistance in ohms acting in
series with inductance,

Rc = resistance in obms acting in
series with eapacitance.
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APPENDIX 2. 'MOST USED FORMUILAS (CONT'D)

Resistance Formulas

In series Ri= R+ Ry +R,...ctc.

In parallel R = 1 1 ! 1
— 4 — — ... etc.
R, + R, + R,

Two resistors R = R.R,

in parallel R, 4+ R,

Cepacitance

Inparallel C¢=C,+ Cy + C, ... etc.

1

In series Ce = ] I ]
— = — ... ttc.
c.tote

Two capacitors Ce = CiCs

in series C,+Cs

The Quentity of Electriclty Stored Within
a Capacitor is Given by
Q=CE

where Q = the quantity stored, in

coulombs,
E = the potential impressed

across the capacitor in
volts,

C = capacitance in farads.

Self-Inductance

In series Li= L+ Ly, + Ly...etc.

In parallel L= : ] 1 N
—_—t - —.- ete.
Ll Ll + Ll

Two inductors | L, L,

in punllel L & L,

Ceupled Inductance
In series with fields aiding
Le=Li+ Ls +2M
In series with fields epposing
Le=Ls 4+ Ly +2M
In parallel with fields aiding
Le=— :_ 1
Li+M L+ M

In parallel with fields opposing

L= — 1

L|—M Ll-M

where L, = the total inductance,
M = the mutual inductance,

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

Mutvel Inductance

The mutual inductance of two M coils with
fields interacting, is given by
- Li— Lo
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.

M

W Ifk
e
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impedance

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

In general the basic formulas expressing
total impedance are:

for series circuits,

Z = /R‘l + xll'
for paralle! circuits,
1

Z= .
' -\701'+Bt'

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

R X
Z-cogo -!inﬂ
R=2Zcos § X = Zsin 6

where Z = magnitude of impedance in
ohms,

R = resistance in ohms,

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

Nomenclature

Z = absolute or numerical value of
impedance magnitude in ochms

R = resistance in ohms,
X_. = inductive reactance in ohms,
Xc = capacitive reactance in ohms,
L = inductance in henrys

C = capacitance in farads

R. = resistance in ohms acting in
series with inductance,

Rc = resistance in ohms acting in
series with capacitance,

6 = phase angle in degrees by which
current leads voltage in a ca-
pacitive eircuit, or lags voltage
in an inductive circuit. In -
resonant eircuit, where *°
equals Xc, 8 equals 0°,

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

Numerica!l Magnitude of Impedence

of resistance alone

Z=R
6 =0
*) Ry )
e ANl g

of resistance in series

z-RI+RI+RI-oom~
6 =0°

L

4115

of inductance alone
Z =X,
0= + 90°

1 [ ¥ Ly
— T —
of inductance in series

Z=Xei+ Xeat Xea. .. ete
6= 4 00°

e
of capacitance sione
Z = Xc
6=~ 90°

€ C
H——e

of capacitance in series

Z e Xe,+ Xev+ Xew. .. et
8 = -980°

SW 6012. 3
Appendix 2

Page 3



SW 6012.3
Appendix 2

Page &

3/3/89

APPENDIX 2. MOST USED FORMULAS (CONT'D)

4
or where only 2 capacitances C, and C, are
involved,

Z - 1 (C. + Cl)

2«f\ C,C,
0= —00°

] L

——— T ——

ol resistance and inductance in series
Z=vVR+ X

X
¢ = arc tan R

~av———if*
of resistance and capacitance in serics
Z=VR + Xc'

Xe
- tan ——
¢ = aro R

i

of inductance and capacitance in series
Z =X, - Xc
0 = —00° when Xp < Xe

-O‘VhenX;-Xc
= 4 90° when X: > Xe

—— v —
of resistance, induetance and capacitance
in series
Z=VR 4 (X~ Xc)?
X - Xc
R

@ = arc tan

..'.+._l_+l...etc.

__{ﬁ:}__

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

R\ R,
R+ Ry
6=0

L]
of inductance in paralie!

1
ER S
Xew Xen Xooooe ote.

0= 400"

or where only 2 inductances L, and L, are

involved,
2= (725)

0o +0°

—“CT-
i
of eapacitance in parallel
1
H S
Xe: Xe: Xeoo:o ete.
0= ~00°

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

Z=

1
Z > ——
2%/ (Ci + Cy)

0= —90°
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SRR S—
L5
of inductance and resistance in parallel,
RX.

Z =

\/E: + th

R
0 = arc tan —
L

b —

of capacitance and resistanee in parallel,
RXc

- \/R’+Xc'

R
6 = — arctan =
Xe

S }-——
—_— ¢
L_K.E_..

of inductance and capacitance in parallel,

Xt Xce
Xe—Xe

(4

8 = 0°when Xee X

J
AAAA.
VW

of inductance, resistance and capacitance in
parallel

7o RXuXc

VXX + (RX. — RXo)?

RXe - ‘?){L

6 = arc tan
XL Xe

——4»'c‘q>——-

of inductance and series resistance in paral-
lel with capacitance

’ R'+ X.!
Z = Xe R4+ (XL - Xc)?

XL Xe - XL'—R')
RXc

r—#ﬂpﬁ-“”!1r\'1
of capa-itance and series resistance in par-
allel with inductance and series resistance

7 = (B + X (R + XY
(Ri + Re)' + (X0 — Xe)?

# = arc tan (

Xe(R'+ XN~ Xe (RS +X")
RuR+ X +Re(RS+ XY

@ =arc tan

Conductonce

[n direct current circuits, conductance is
expressed by

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

In d-¢ circuits involving resistances R, Ra,

R, ete., in pargllel,
the total conductance is expressed by
Cuww=Gi+G+G,.. cte.
and the tolal current by
L = E Geunt

and the amount of currenl in any single rests-
tor, B for eveample, in o parallel group, by

- Lot G
Gi+Gs+ Gy oueete.’
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Resistanee. in Chm's Law formulas for d-c
dircults mey be expressed in terms of con-
ductance as follows:

1 1
K==, Ewm —, 1l = EG
G G !
where G = conductance in mhos,
R = resistance in ohms,
F = potential in volts,
= current in amperes.

Susceptance

In an alternating current circuit, the sus-
ceptance of a series circyit is expressed by
X
B=
RI + Xl
or, when the resistance is 0, susceptance
becomes the reciprocal of reactance, or

1
B=
X

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

Admintence

In an alternating current circuit, the ad-
mittance of a scries circuit is expressed by
1

Y=
v/
Admittance is also expressed as the recipro-
cal of impedance, or
1

Y=
z

where Y = admittance in mhos,

R = resistance in ohms,
X = reactance it chms,
Z = .mpedance in ohms.

Rend XinTerms of Gand B

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

B
G|+Bt' “ G!+B|.

R

G, 8, Y and Z in Paralie! Circuits

In any given a-c circuit centaining a

number of smalier paralicl circuits only,

the effective conductance G is expressed by
GI-G|+01+G|...C‘:C.,

and the effectire susceptance B; by
B.-B.+B.+B....etc.

and Ulc' effcetive admittance Y, by
Y= /G T B
and the effective inipedance Z, by
1 1

— or —
v G" + Bl' Yl

where R = resistancc in ohms,
X = reactance (capacitive or induo-
tive) in ohms,
G = conductance in mhos,
B = susceptance in mhos,
Y = admittance in mhos,
Z = impedance in ochms.

gy?‘?'?
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Ohm’s Law
for A-C Circvits

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

1=-E, z-E,
z ]

E=1Z, P = EI cos §

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

Phase Angle

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

ratio % and is expressed by

arc tan {
R

where X = theinductive or capacitive reac-
tance in ochms,

R = the non-reactive resistance in
ohms,

of the combined resistive and reactive com-

ponents of the circuit under consideration.

Therefore
in a purely resistive circuit, 8§ = 0°
in a purely reactive circuit, § = 99°
and in a resonant circuit, 6 = 0"
also when

8= 0°%cos 6=1and P=E/
6=90°cos 8=0and P =0

Degrees X 0.0175 = radians
1 redian = 57.3°.

Power Fecter

The power-factor of any s-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 expreased by

El cos 8
= cos

pf =

where
p.f. = thecircuitload power factor,
El cos # = the true power in watts,

EI = the apparent power in volt-
amperes,

E = theapplied potentialin volts
I = load current in amperes.

Therefore
in a purely resistive circuit.
0=0° andpf. = 1
and in a reactive circuit,
6 =90°and p.f. =0
and in a resonant circuit,

6=0° and p.f. =}

Ohm's Law
tor D-C Circults

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

E E
I=—y R=-—-,
1’
E = IR, P = EI

where I = current in amperes,
R = resistance in ohms,
E = potential across R in volts,
P = powcr in watts.

SW 6012.3
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APPENDIX 2. MOST USED_ FORMUIAS (CONT'D)

Ohm'’s Law Formulas for A-C Circuits

Fermules for Dotermining Unknown Valves of . . .

Known
Velves ! z E P
182 1Z I'Z oos 8
TY; il’l IE cos 0
P P
1&¢ I' cos 8 1 cos 6
E K cos
Z&E Z Z
Z4&P P ___PZ
Z cos 6 oos §
P E'cos §
Ear K cos 8 P
Ohm’s Law Formulas for D-C Circuits
m.mowm.umvmu...
Known
Velves N R E P
1&R IR I'R
E
14 E 7 El
P Y of
14 P I -I-
E B
RA&E -E E
Rar \/;; VPR
. P E?
EAP E’ -}—,-

3/3/89
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MOST USED FORMULAS (CONT'D)

Transient | and E in LCR Circuits

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

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

E = potentialin volts as designated,
R = circuit resistance in ochms,
C = capacitance in farads,
L = inductance in henrys,
V = steady state potential in volts,
Ve = reactive volts across C,
V. = reactive volts across L,
Vg = veltage across R

RC = time constant of RC circuit in
seconds,

£ = time constant of RL circuit -
seconds,

{ = any given time in seconds after
switch is thrown,

¢ = a constant, 2.718 (base of the
natural system of loganthms).

Sw = switch
The time constant is defined as the time
in seconds for current or voltage to fall to %
or 36.8% of its initial value or to rise to
(l —%) or approximately 63.27, of its final
value.

Cherging a De-energized Capacitive Clreult

1A

[t
m
L2 11

2
AAAA
YWW

Ew=applied potential.

;o
i-éc.ﬁ
R

Discharging an Energized Capacitive Circuiy

?/5-

<l -
A
7

L L
L

E = potentisl to which C is
charged prior to closing Se.

SW 6012.3
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Veltage is Applied 10 @ De-
onergized Indvctive Circult

-\ O
Fuse
[
%( /L'
- [
‘I
i REE
S
-S40
E=applied potential
. R
{== (l - T)
] i e e m——- -—— E
i‘gi
' X
t T
M
- —¢ -
Va=E (l € ) V.= EEL

Page 10

An Enorgized Inavuctive
Circult is Shert Clrevited

WY

\/ _
Ti\e
Fuse Blows
| 3
€
d . I
o
U
Sw
e’ o . ® e

-

E = counter potential induced in

coil when switch is ¢losed.

Rt
E-I

.G
VimVa=Eel

R )

‘ .i A £
(A
t . ) 4
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Steady State

Current Flow

in @ Capacitive Cirevit

In n eapacitive circuit, where resistance
{oss eomponents may be considered as neg-
sgibie, the flow of current at o given alter-

nuting potential of constant frequency, is'

expressed Ry

E E

l--i;-gz(

= E (2r C)

77c)

where I = current in amperes,
Xc = capacitive reactance of the cir-
cuit in ohms,
E = applied potential in volts.

In an Inductive Circuit

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

E E

l= .= %L

where [/ = current in amperes,
~ X = inductive reactance of the cir-
cuit in ohms,

E = applied potcntial in volts,

Decibels

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

10 log ;—E ;
or in terms of volts,

20 log g—': ;
or in current, 1

20 log T, .

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

El\/z-t I.\/Z_.
db = 20 lo = or, 20log —=
*EVZ, 8 V7,

. DBM Expressed in Watts & Velts

Above Zere Leovel Below Zore Level
A Watts Valts Watts Velts
e —— —
] 0.0010 0.775% | 1.00x 10-? 0.7746
1 0.0003 0869 | 7.94x 10" 0.6904
2 0.0016 0975 | 6.31 x 104 0.6153
3 0.0020 1.094 ) 5.0V = 10 0.5483
4 0.0025 1.227 | 3.98x 10" 0.4888
-] 0.0032 1.377 | 3.16x 10" 0.4356
[} 0.0040 1.545 | 251 x 10-¢ 0.3883
7 0.0050 1.734 § 200 10°¢ 0.3460
8 0.0063 1.946 | 1.592 10°¢ 0.3084
9| 0.007 2.183 | 1.261 10 | 0.2748
10 0.0100 2.449 { 1.00x 10-¢ 0.2449
1" 0.0128 2.748 | 7.94 x 10 0.2183
12 0.0159 3.004 | 6.31 x 10 0.1946
13 0.0200 3.460 | 5.01 x 10 0.1734
14 0.0251 3.882 | 3.98 x 10 0.1545
15 0.0316 4.3% | 346210 0.1377
16 0.0398 4.888 [ 2.1 x 10~ 0.1228
17 | 0.0501 5483 | 2.00x 10~ 0.109%
18 0.0831 6183 | 1.9 x 10 0.097%
19 0.0794 6.90¢ | 1.26x 10 0.0089
20 0.t 7.748 10~ 7.78x 10"t
30 1.0 24.493 10-¢ 2452101
40 1 10.0 77.460 107 7.752 100
5 | 10? 244.93 10-¢ 2.45% 10°*
B 60 } 100 774.60 10— 7.75x 10"
01 10¢ 24490 10~ 245210
80 | 10 7,746.0 10-n 7.75x 10
90 | 10¢ 24,4930 1071 2452107
100 | 10’ 77,460.0 10" 7.752 10~

Zero dbm - 1 milliwatt into & 600 ohm foed.
Power ritios hold for any impedance. but volt-
xol'::::tbonl«ndtom mpedance load of
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APPENDIX 2. MOST USED FORMULAS (CONT'D)
Attenuator Networks
For Insertion Between Equal Impedances
See table on page for values of A, B, C. D, E used in the following attenuator net-
work formulas.
Ly
o___nm'__-q r——-w——o Pot MMMy AN —0 O- vi v! v -
) $m . : 10 : M3 e
1’ ‘P 4
o— ) o 0 o- -0
. R, =%
R.=2D e T
Ry = =
T By =ZE " Bridged T R, = zC * T F
In the case of L and U networks where only the input or output can be matched, as required,
the matched side is indicsted by an arrow pointing toward the pad. On all other networks,
both the input and output eircuits are matehed.
p——————O oW —-0 O—MW——
"y ) Ll Ry )
:— L J P —s  m,3 : t—s 3m, :
< < <
]
o- -0 o Ye) o—-wi»—JL———o
VA
Rl - E R N ZB
R, = ZB z 't
L R:=ZC L R'-E R.-:ZC
OO o————_r—qu-—o
'| 4 ] L]
© C z " : : "3 ]
d T 3
2 —> 82 e o— ) o— o
R
o_—Ji—Aw\‘A,—-o 2 3" ] 2 n$ )
[ f f
O ‘.‘.‘lv‘. O O-——J*—M—-EO
Z ZB Rl d
Ri=5n Ri== 2¢
2
4 zZe - e
U Rs= 5 Balanced U Ry == Balanced U 2B
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USED FORMULAS (CONT'D)

Minimum Loss Pads

AWV O
|
‘P
LY N2 ¥
<
O
e Unbolonced

For Matching Twe impedances where Z, > Z,
R = VZ,(Z: - 2y

R,

db loss = 20 log, (Ji::i» \/%— l)

Where Only One Impedance is to be
Metched
If the larger impedance only is to be

O A—

{———O

ER2 L9
4

AAAA.

w3

Balonced

matched, use 8 resistor R
the smaller impedance lucl['l
RL - Z| - Z:

in seried with
that

db loss = 20 logso \/—ZZ-:

If the smaller impedance only 1s to be
matehed, use n revistor K in shunt scross
the inrger impedance such that

: 2, 2,
Rs =3 =1,

Here also db loss = 20 logse \/%

Tables of R, and R, Values

When Z, is 600 ohms
and Z, is less than 600 ohms.
z, 500 | 400 | 300 | 250 | 200 ] 15 | 100 ] 75 %0 40 30 b4
R, 45 ] 346 | 424 | 458 | 490 | S20 | S48 | se1 ] sys ] ss0 | sas | sa7
R, 1225 ) 694 | 425 F 328 | 245 | 173 | 110 | 802 | s22 | 414 ] 208 | 256
“ - —_—
Less 3 5.7 16 87 ) 100 114 ] 134 148)] 166] 176] 185 | 197
When Z, is less than 25 ohms, 2
let R, = 600 — 2—'
]
and R: - Zg
Where Z, is 600 ohms,
and Z, is greater than 600 ohms.
b & 800 | 1,000 § 1.209 | 1,500 | 2,000 | 2,500 | 3.000 § 3,500 | 4.000 | 5.000 | 6.000 { 8.039 | 10,000
R, 00| 632 | 849 ] 1.162]1673] 2,180 ] 2683 | 3.186 | 3.688 4691 5692 ] 7.69¢] 9.695
® | 1200] s ] mo | ars | nr | ess | em | eso | esi| e | 633 ] 62¢ | 619
- .
Less 48 6.5 16 SO Jlos5) 6] 125133 139] 150§ 158 1711 161
When Z, is grester than 10,000 ohms,
lct R] - Z, -3(1)
and Ry = 600
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APPENDIX 2. MOST USED FORMULAS (CONT'D)

Resistor Color Code
EIA STANDARD RS-172 MILITARY STANDARD MIL.R-“"%

A==k —¢eldl] e~ OS50 —

—og & P— NN o

18t Digit 2nd Digit Muitip ror Tolersnce

Color A 8 c D
Black [+] 1] 1 —_—
Brown 1 1 10 -
Red 2 2 100 -
Orange 3 3 1,000 —_—
Yetiow 4 . 10,000 -
QGreen -] S, 100,000 —_
Bive 6 6 1,000,000 -
Violet ? ? 10,000,000 -
Qray s s 100,000,000 | -
White 9 [ — H -—
Gold — - 0.1 * aa
Silver - - 0.01* % 10
No Color - - *EIA ONLY - + 20%

INSULATION CODING MILITARY (MIL): Same as EIA with the

EIA: Insulated resistora with axial leads addition of Noninsulated resistors with re
are designated by a hackground of any color dial leads designated by a black background

except blnck. The usual color is natural tan. color or by & background the same color an
Noninsulated resistors with axial leads are the first signifieant figure of the ~ v ne
designated by a hlack hackground color. value.
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APPENDIX 2. MOST USED FORMULAS (CONT'D)

(Commercial codes are same except as noted)

A

{

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

8 0

Tubvier Capetiters
(Cemmercial Only)

i’?‘: a

F ]

c

Reclengvier Capaciters

Digits of Tubular Temp. Rating
Capacitance (uuf) Tolerance | Voltage Rating *C and
Color Multiplier Yo (v d-c) Characteristic
A 8 C D E F
Black 0 0 1 + 20 — 85-A
Brown 1 1 10 —_ 100 83-E
Red 2 2 100 — 200 —
Orange 3 3 1,000 + 30 300 —
Yeliow 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 TYPOGRAPHICALLY MARKED
RECTANGULAR CAPACITORS TUBSULAR CERAMICS
(Indieated by dimnensions rather than color coding)
Mezimum Dimensions Vel
(inches) : sé,x'. Cap(n‘:i}?nu R.,'::: TEMPERATURE
Length | Widin | Thick- (v d-c) COEFFICIENT
o pro | CAPACITANCE (WF)
e | % Yo | 20 200 —— .oo/_
10.000 120 K o) — TOLERANCE
" ”, 3 22 |
“ “ “ 20,000 120
! 1000-2000 800
") , ; . 3o W)(‘)—IOM %
'« % ;. 20,000 120 TOLERANCE
¢ JAN
3000 800 LETTER
- 10 [«
i | e | vm | s | emiioo | g0 XA ¥
10.000 W/ | ...
i | wla 20,000 300 c t 035 s/
30,000 120 D £08 s/ | .......
1 1000 k 1
v | o | e | o [ o | trems |1
L
Mg % ‘. 42 B0 200 a 130 s/ £ 2%
100,000 120 F I OO + 8%
10,000 1000 10%
\ v | o 1SS R o . o
% | % “ . 900,000 130 M t

3/3/89
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APPENDIX 2. MOST USED FORMULAS (CONT'D)

Ceramic Capacitor Color Code
EIA STANDARD RS-198
MILITARY STANDARD JAN-C-20A
Proposed Mil-C-20C

L) € .‘ Aa EF
:f -/ ;

3-Dot Disc Capacitors ~ 8-Det Disc Capeaciters
(RETMA ONLY) O e oy e (EIA ONLY)
(Veltage reting is always SO0 v,, (Vehage reting is
telerance is siways —0.) elweys 300 v.)
Cc .
C F A C F
® € 1 Y
X , 110 OO
6 E 8B E
Peod Through Copeciters Migh Capacity Tubvier Temperature Compensating
(EtA ONLY) (insulated or Nen-insuisted) Tubwlers
e c A €8 0 e €
-
~O-  -Cliipie- s LT
) A E F ' F A ¢ F
Tubvier Capacitors Tubvier Capaciters Stand-OH Cepaciters
(Veltage rating is elways 300 v.) (Oid RMA) . (EIA ONLY)
Digits of Tolerance Temp. Coef. A
apacitance (uuf) F (Parts per million per °C.)
Color Multiplier | 10 ,.uf or | Over 10
B|C|D E  Jiess (uul) | muf (%) | EIA MILITARY
Black 0 0 0 1 +2.0 +20° 0 0
Brown 1 1 1 10 | +0.1° %1 — 3 — 30
Red 2 2 2 100 —_ +2 - 75 - 80
Orange 3 3 3 1,000 - +2.5° —150 —150
Yeliow 4 4 4 10,000°* — — -—220 -—220
Green 5 5 5 —_ +0.5 F3.] —330 —330
Blue 6 6 6 — — —_ —470 —470
Violet 7 7 7 — — — —750 —750
Gray 8 8 8 0.01 +0.25 -— +|'.‘>g°:)o + 30
White 9 9 9 0.1 += 1.0 =10 +10705°to +330°
Gold e e - - - — +100
SE)A only

SW 6012.3
Appendix 2
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APPENDIX 2. MOST USED FORMUIAS (CONT'D

Mica Capacitor Color Code
EIA STANDARD RS-153 .

Color Drgits of Capacitance (spf) ] " v"(rm 7“.{.‘. o g::vg:die—
F

O

Black
Brown
Rea
Qrange
Yellow
Green
Biue
Vwlet I
Qray
White
QGold
Siiver

-
211111888
H» RN

3111 lol we-2

|l leovtuwswn-o]|»
| emvowswn-oc]e

| eavovswn=0o
Litttl i mooe»

od
©
-

4

Sor £ | pul. whichever lp areater.

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

. i Inches ) . °
Temprrature Mazimum Minimum Mazimum Style | Caparitance | Rating
| Goie'yey | Commetinmce UL L | Wide] Thick || G | (4]
wmillion per °C) rift (megnhAma) e "y g 20 s-.'.ll&o g
A « 1000 (5l 41 sl 3000 Y EN - | 28 l:-.)l_% g
B - 300 *(3% +) puf) 6000 708200 | 800
c 200 «{0.5% +08auf) | 6000 N | M s | 30 | (iver820 200
D «100 «(©03% +0.1su0) | 6000 3500-4260 | 800
E 4100 20 | «(01% +0.1.0) | 6000 = ) % | 35 | Overs200 | 300
) _ - _ . wo | w o | Hoorsoo | ‘%0
- - _ 1% ; AR
- “ Over 7500 | 300
. . ' d
Mica Capacitor Color Code
0]0]0)] Obsolete Style BLANK
®OE (r-aom wew)
SOMETIMES
®®O —D : AN
18ACK VIEW)
Digits of Capacitance (usf) Rating
Oot Coler Mudtiplior Telerance 3 (v d¢)
A 8 c 0 E F
duack 0 0 0 1 += 20 -
“rown 1 1 ] 10 * 1 100
Red 2 2 2 100 * 2 200
Orange 3 3 3 1,000 +3 300
Yeliow 4 4 4 10,000 += 4 400
s s s 100,000 + 3 800
Bive ¢ 6 s 1,000,000 Jrigy 00
Violet 7 7 7 10,000,000 % 7 700
Qeay '] 'l s 100, iy} 900
te H H N ' brl 900
g | 2 | 2 | 2 S| B
ver - - - b
No Color — - - - * 20 had
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APPENDIX 2. MOST USED FORMUIAS (CONT'D
Mica Capacitor Color Code “St3
MILITARY STANDARD ¥ 1 ¥ —
M!L-C-SB °
o g Tolor Ch ternistec.
Color Diarte of Capacitance () Mulliplisr ¢ ':'.m“ Su‘{:fn: below
A 8 c 0 3
gt : : 3 - T
g'.?“ ] 2 100 = ? c
Qiangs 3 3 1,000 - D
Yollow 4 4 - -— E
Goroon 8 [ 3 - - '
Violst ? ? - - -~
Wos ’ ' = = =
(lM:i‘ b - 0.4 %= Ll
Biiver -— — 0.04 %= 10 -

DESCRIFPTION OF CHARACTERISTIC

VOLTAGE RATING

(Indiented by dimensions rather than color codihg)

Charac-
tervalic

Tempefature
Coeflicaent
(Jwirts per

millivn per °C)

Mazimum
Caparitunce

brift

Minimum
Insulation
Resistance
(meyohms)

B
C
D
E
F

:

Not specified
= 200
= 100
4100 -20
+70

Not specificd
2057
=0.3Y,

& (0.17% 0.1 uul)
*(0.05% 4+0.1 pul)

7500
7500
1500
7500

7500 °

Mazimum Inches Styte | Cupacitance | Rating
Long | Wide | Thick | €M ww) (v d<)
Ty, | i e | 15 5510 300

e ; 5510

wo | | | 20| seiooo | 300
Ta | "y o | 25 51-1000 500
| e Y | 30 | 560-3300 500

, ; | . BR00-a200 | 500
M | Ma | e |35 ) GR00-10,000 | 300
AR R s A

A—
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APPENDIX 2. MOST USED FORMULAS (GONT'D)
NOMENCLATURE FOR BASIC RELAY CONTACT FORMS
A Make U Double moke'
SPSTNO o—— contact on
o——-f l arm — |-
B Break v Double break,
SPSTNO contact on
[l o
C Break, make : w 3ouble t:mske
(transter) E_l ouble break
SPDT contact on o—4 | Lo
o—4 arm

Page

D Make betore X
Double make
break (Mechankal ©—— ) | 4 .
continuity transfer g—_—lj l SPSTNODB
~gee definition,
page 3) _
E Breok, make, Y Double break
‘break ‘?'._—L 1 SPSTNCDB oj]—f—o
K single pole, Z Double make ‘
double throw, o ¥ double break
center off. 4 SPDTDB o—4 ‘—o
SPDTNO
20

5
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Appendix 2

MOST USED FORMUILAS (CONT'D)

A typical escillegraphic picture of contact performence on

onergization of & relay.

.
\
> =\o
T 5\
A 4? A\
AEEEANA
0 “\&
PICK-UP { /
7 )
s o O \7
o/Fo 2
6,, -\§ \ 73
Ug«’; '4,?;
NON 95 “%
OPERATE } S %
< OA
. 7A
o/ %o
ISTS °*
-~ ‘ \
3@ {OROP OUT
"é" P
S %2y
b S
e
>

Iilustration of the offect of Changing Ceil Curront

A typical escillegrephic picture of contact perfermonce on
de-energization of @ relay (xere coil current release).

>

COIL  CURRENT

[ TIME ~—
| N C —e  lo— DYNAMIC CONTACT
| CONTACT— | RESISTANCE
CURRENT |
I
I
OPERATE TIME
FOR
N.C CONTACTS | 1
| NO
CONTACTY
CURRENT
|
TRANSFER
7.3 th ! OYNAMIC
[ on ——**—— BOUNCE CONTACT
OPERATE f RESISTANCE

HOLD

OPERATE TIME
———— ——
i FOR N O. CONTACTS

I
coiL cunnenr;;
TIME
o roe— DYNAMIC CONTACT
N O. TA
coQer RESISTANCE
CURRENT
RELEASE TIME
pe—— FOR —— n
NO CONTACTS
N C.
CONTACT
CURRENT
TRANSFER DYNAMIC
ko TIME ON ~sde— BOUNCE CONTACT
RELEASE RESISTANCE
RELEASE TIME _ |

FOR N.C. CONTACTS
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APPENDIX 2. MOST USED FORMULAS (CONT'D)

ETIA COLOR CODES

The color codes shown here are used by most radio and instrument manufacturers in
the wiring of their products, and by parts manufacturers for identifying lead
placement. These have been included for whatever help they may provide in
identifying parts and leads when trouble-shooting. Since all manufacturers do not
use these codes, however, due caution must be observed to determine whether or not
the set, instrument, or part under examination does or does not follow the code
colors given here. A quick check with a voltmeter, ohmmeter, or continuity meter
is usually all that’is needed to establish this fact.

PRIMARY | PRIMARY 740
NOT TAPPED : TAPPED
' RED - YELLOW HIGH
! VOLTAGE
] X
BLACK | BLACK {(COMMON)
: RED
]
: YELLOW
i BLACK = YELLOW YELLOW- BLUE RECTFER
' FILAMENT
t
]
{
BLACK | BLACK-RED SREER
! . AMPLIFIER
GREEN-YELLOW EIAMENT
NO.i
GREEN
Power Transformer
BROWN A
AMPLIFER
TYELLOW o L FILAMENT
NO.2
BROWN )
sLare AMPLIFIER
SLATE-YELLOW FiLAMENT
NO.3
SLATE )
I-F Transformers Avdio & Output Transformers
GRIO ‘ GRID OR
PLaTe (] encen or OooE PLATE nue g sacen '32:-3&0502‘
. RETURN OR
SRR pAe e . o LOW SIDE OF
MOVING COIL
GRID OR OKOOE
- . ] Sack BLUL 08 seOw! GRCEN OA YILLOW
.‘ g‘w MTE. BYART) = {3TART) GR|°.

Cres0 OWMY ON FN-AAL PRRMARY GR ECOITLSY  WiNDKED
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APPENDIX 2. MOST USED FORMULAS (CONT'D)

Crystal Frequencies for Transmitters and Receivers

TRANSMITTERS:

VHF TRANSMITTER (TYPE T1108): Crystal Frequency = Carrier Frequency
10

Crystal Type = CRIBAU

UHF TRANSMITTER (TYPE T1109): Crystal Frequency = Carrier Frequency
20

CRIBAU

Crystal Type

VHF RECEIVER (TYPE AN/GRR-23): Crystal Frequency = Carrier Frequency + 20.6 MHz
10

Crystal Type CRI8AU
UHF RECEIVER (TYPE AN/GRR-24): FOR FREQUENCY RANGE 225 MHz TO 312 MHz:
Crystal Frequency = Carrier Frequency + 20.6 MHz
20
FOR FREQUENCY RANGE 312 MHz TO 399 MHz:
Crystal Frequency = Carrier Frequency - 20.6 MHz
20

Crystal Type = CRIBAU
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