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GREEK ALPHABET

NAME

COMMONLY DESIGNATES

LC

COMMONLY DESIGNATES

Alpha

Beta

Gamma

Delta

Epsilon

Zeta
Eta

Theta

Iota

Kappa

Lambda
Mu

Nu

Xi
Omicron
Pi

Rho

Sigma
Tau
Upsilon
Phi

Chi

Psi

Omega

DéHrGg 3AMUAOLIZZ < O [P 1 W5

Complex propagation
constant

Increment ,determinant,
permittivity,variation

Impedance

Current

Permeance

Summation

Scalar potential,
magnetic flux,
radiant flux

Resistance in ohms

mn o7 <X

E € X 6 1 q ondomMme F» A « @ 3 -

Angles,area,absorption factor,
atten.constant,I gain CB confg.

Angles,coefficients,phase constant,
flux density, I gain CE confg.

Angles, specific gravity, elect.
conductivity, propag'n constant

Angles, density, increment

Base of natural logs,dielectric
constant, electrical intensity

Coordinates, coefficients

Hysteresis,coordinates, efficiency
intrinsic impedance

Angular phase displacement, time
constant, reluctance

Unit vector

Coupling coefficient, susceptibility,
dielectric constant

Wavelength, attenuation constant

Prefix micro, amplification factor,
Permeability

Frequency, reluctivity
Coordinates, output coefficients
Reference point

3.1416

Resistivity, volume charge density,
coordinates

Electrical conductivity, leakage co-
efficient, complex propag'n constant

Time constant, time phase d@splgce-__
ment, transmission factor, torque

Phase angle

Angles, electrical susceptibility

Angles, coordinates, dielectric
flux, phase difference

Angular velocity (27Tf)

(==Y




MATHEMATICAL SYMBOLS

INIV AV

\ > g

+ Positive. Plus. Add

- Negative. Minus. Subtract

+ Positive or negative
Plus or minus

X or - Multiplied by

¢+ or / Divided by

= or :: Equals

= Identical with

¢ Not equal to

¥ or =~ Approximately equal to

Is greater than

Is less than

Greater than or equal to
Less than or equal to

Is proportional to

Ratio

Therefore

Infinity

Increment or small change

Angle

Perpendicular to

Parallel to

Pi, 3.1416

Base of natural log, 2.718
Square root

Cube root

nth root

Absolute value of n

n degrées

n minutes of a degree
n feet or n prime

n seconds of a degree
n inches or n.second

Average value of n
Square root of minus one
Percentage

Subscript of n
Parentheses

Brackets

Braces

Vincu.um

HO G3ABR32430 n02-1
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MATHEMATICAL CONSTANTS

M
Symbol Number Log10 Symbol Number Loglo
e 3.1416 0.4971 —;‘r— 1.2732 0.1049
? 9.8696 0.9943 2—17; 0.1592 9.2018-10
27 6.2832 0.7982 4—1”— 0.0796 8.9008-10
2% | 19.7392 1.2953 —61? 0.0531 8.7247-10
377 9.4248 0.9742 8—17; 0.0398 8.5998-10
41 12. 5664 1.0992 1—78% 0.0175 8.2419-10
aw? | 39.4784 1.5964 %‘l 57.2958 1.7581
8T 25.1327 1.4002 —15 0.1013 9.0057-10
p
™ 1
R 1.5708 0.1961 ey 0.0507 8.7047-10
2m
mw 1
- 1.0472 0.0200 . - 0.0253 8.4036-10
2
4T
7
L 0.7854 9.8951-10 |~ /7 1.7725 0.2486
m
= 0.5236 9.7190-10 “—;'— 0.8862 9.9475-10
w V
R 0.3927 9.5941-10 —4”—— 0.4431 9.6465-10
o
2—3— 2.0944 0.3210 '\@_ 1.2533 0.0980
% 4.1888 0.6221 -\,Czﬂ-_ 0.7979 9.9019-10
——1,”— 0.3183 | 9.5029-10 - 31.0063 | 1.4914
- 0.6366 9.8039-10 - 0.03225 | 8.5086-10
T 3
|

HO G3ABR32430 002-1
3




POWER of TEN MULTIPLIER CHART

A

Multiple or Submultiple Symbol| Prefix| Name

1012 = 1,000,000,000,000 T tera | Trillion

109 = 1,000,000,000 G aiga | Billion

108 = 100,000,000 Hundred million

107 = 10,000,000 Ten million

108 = 1,000,000 M meaa | Million

105 = 100,000 Hundred thousand

104 = 10,000 Ten thousand

103 = 1,000 k kilo | Thousand

102 = 100 h hecto | Hundred

10l =10 dk | deka | Ten

100 -0 Nne

10-1 = 11 d deci One tenth

1072 = .01 c centi | One hundredth

103 = .001 m milli | One thousandth

10-4 = .000 1 One ten-thousandth

105 = .000 01 one hundred-thousandth

106 = ,0n0 on1 micro | One millionth

107 = .n0o0 000 1 One ten-millionth

10-8 = 000 000 01 One hundred-millionth

10=9 = .000 000 001 n nano | One billionth

1012 = 000 non 0on 001 ) pico | One trillionth

10-15 = 000 000 000 000 001 f femto | Nne quadrillionth

10-18 = 000 no0 0no 0no 0n0 001 | a atto | One quintillionth
HO G3ARR32430 002-1




MUMERICAL CONSTANTS (extended)

SEQUENCE of MATHEMATICAL OPERATINNS

Remember

My Dear Aunt Sally

POWERS of TWO CHART

HO

0 HMN -

16

64
128
256
512
024
048
%06
192
768
536
072
144
288
576
152
304
608
216
432

Multinlv
Divide

3

NN NN PN = b b 2 s 2
APBPWNRDDODNNAPLWUNVNRDODIDINPLWN =D

Add
Subtract

5
.031 25
Nn.015 625
0.007 812
0.003 906
0.001 953
n.000 976
0.000 488
Nn.000 244
0.000 122
N.000 061
n0.000 N30
0.000 015
0.000 007
n.000 003
0.000 001
0.000 000
0.000 000
n.000 000
n.nN0 000
0.000 000
N0.000 0NO

G3ARR32430 002-1

(M)

25

125
562
281
140
n70
035
517
258
629
814
907
953
476
238
119
059
029

3.14159 26535 89793 23846 26433 83279 50288 41971

2.71828 18284 59045 23536 02874 71352 66249 77572

(D)

(A)

25

625
312
156
578
789
394
697
348
647
837
418
209
604
802

(S)

25

125
N62
531
265
632
316
158
579
289
644
322

5

25

625

812 5

406 25

203 125

101 562 5

550 781 25
775 390 625
387 695 312 5



BINARY COMVERSIOM

EXPONENTS

29 28 27 26 25 94 53 92 H1 H0
1225611728 | 64| 32| 16| 8 4 2
Example: 010 1 0 11 0] 1 1 0
Binary | Decimal
Numher | Number
1 1
10 2
11 | 3
100 | 4
101 5
110 6
111 7
1000 8
1001 9
1010 10
110010 50
1100100 100
Zero exponent a% =1
Megative exponent a~X = 1
aX
Multiplication aX « ¥ = alx+y)
X
Division aX » a¥ = 27 - 3(x - v)
Power of a product (ab)X = aXpX
Power of a power (aX)Yy = Xy
Root of a power Y\]ax = aXsy
1 X
Fractional exponents a4 = %’a ay = Mqax
Radicals JE =Y&  Vab = & Vb
bWy

HO G3ABR32430 nN02-1
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LOGARITHMS

The exponent of that power of a fixed number, called the base, which
equals a agiven number,

10?2 = 100, therefore 2 = 1og of 100 to the bhase 10.

Exnonential Form Logarithmic Form
2% = 16 4 = 1oa, 16
102 = 100 2 = Toayp 100
1g3 = 1000 3 = 1o0a7q 1000
a’ = ¢ b= Tog, €
Multiplication log (6°4) - Toa 6 + log 4
Division loa 3 =100 3 - 1og 4
T
Raising to a power log M3 -3 Toa N
. 3 _ Tog N
Extractina roots loa W = ——
Common to natural Togjp N = 2.3026 loq. N

Natural to common loge N 0.4343 10910 N

SCIENTIFIC NOTATION

A whole numher between 1 and 10 times the proper power of ten, also
called standard form.

Example: 4,30 x 104

SIGMIFICANT FIGURES

Fiqures arrived at by counting are often exact. On the other hand,
figure arrived at hy measurina are approximate. Sianificant figures express
the accuracv of the measurement.

Yhen counting siagnificant figures, all digits (including zero) are
counted EXCEPT those zeros that are to the left of the number.

3 contains 2 significant fiaures
0234 contains 3 sionificant fiqures
1100 contains 4 significant fiqures

Example:

4.
)
0

HO G3ABR32430 002-1




ROUNDING OFF MUMBERS

If the last diait is a 5 and the number immediately prior to that is an
EVEN number, DROP the five,.

Example: 2.065 becomes 2.06
.205 becomes .20

[f the last diait is a 5 and the number immediately prior to that is an
UNEVEN number, drop the 5 and ADD 1 to the last fiqure retained.

Example: ?2.055 becomes 2.06
.215 becomes .22

If the remaining sequence of numbers is laraer than 5, add 1 to the last
figure retained. Never round off one diqit at a time. Consider all diqits
to the right of the point that you wish to round off as a single quanity when
judging whether is is more or less than 5.

Example: 3.45678 hecomes 3.5

Remember
OscaF 0. 5 . Siek
Had H
A A= ¢ can
Heap H
0f 0= 1 Tomorrow
Apnles A

PYTHAGOREAN THEOREM

In a right triangle, the sauare of the hypotenuse is equal to the sum of
the squares of the other two sides.

c2 = a2 + h2

a = ALTITUDE

HN G3ABR32430 002-1
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TRIGOMOMETRI

C RELATIONS

In a rigq

W o uwonou

oCo»=x

sin 6

c0s 6

tan ©

ht trianale,

hypotenuse
adiacent side
opnposite side

anale between hypotenuse and adjacent side (base)
angle between hypotenuse and the opposite side

1l I
O I x|

Ccsc ©

sec @

cot ©

o BwE o=

LENGTH of SIDES for RIGHT-AMGLE TRIANGLES

Length of Hvpotenuse

Lenath of side Opposite

Lenath of side Adjacent =

HO G3ARR32430 0N2-1

@
(0]
sino = cos @ csc O
cos O = sin ¢ sec ©
tan® = cot @ cot ©
Side opposite x Cosecant
Side opposite = Sine
Side adjacent x Secant
Side adjacent & Cosine
Hypotenuse x Sine
Hypotenuse <+ Cosecant
Side adjacent x Tangent
Side adjacent =+ Cotangent
Hvpotenuse x Cosine
Hypotenuse =+ Secant
Side opposite x Cotangent
Side onposite = Tanaent

9

sec ¢
csc ¢
tan ¢



ANGLE FUNCTIONS

Sians of the Functions

(Buadrant sin cos tan
I + + +
II + - -
ITI - - +
Iv - + -

RANDIAN MEASURE

The circular svstem of anqular measurement is called radiun measure.

A radian is an anale that intercents an arc equal in lenqth to the radius

of a circle as illustrated helow.

l.,enath of arc R(C
h.28 radians
2 T radians
T radians
1 radians
1 dearee

HO G3ARR32430 N02-1
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radius of circle
360°

360°

18n°

57.2958°

0.N01745 radian



QUADRATIC EQUATINNS

A quadratic equation that contains onlv tems of the second degree of the
unknown is called a pure auadratic equation.

Example: a’ = 9
ox2 + Gv2 = 20

A aquatratic eauation that contains terms of both the first and second
degree of the unknown is called a complete quadratic equation.

Example: x2 + x+ 3

=]_l',‘
ax9 + bx + ¢ =

0

The quadratic formula:

x = -ht \]bz-4ac

7a
Where: a = coefficient of the first temm
b = coefficient of the second term
¢ = constant or third temm
j OPERATOR
Operator |Mathematical |Direction of [Deqree of
Equivalent (Rotation Rotation
j NS cew 90
j2 -1 cew 180
E - \J:T' cecw 270
i 1 cow 360
= - 1J:T_ CcwW -90
(-3)2 -1 cw -180
(-3)3 \Fﬁf cw =270
(-5)4 1 cw -360

ACCELERATIOM due to GRAVITY

Acceleration due to qravity at sea level, 40 deqrees latitude, is:

32.1578 feet/sec/sec

HO G3ABR32430 NN2-1
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DECIBELS and POWER RATIO

The ratio hetween any two amounts of electrical power is usually
expressed in units on a logarithmic scale. The decibel is a loaarithmic wnit
for expressing a power ratio.

PR(4R) = 10 log P2

P1
Where: PR = power ratio in db
P1 = power in (small)
P» = power out (large)

When the output of a circuit is larger than the input, the device is an
amplifier and there is a aain. When the output of a circuit is less than the
innut, the device is an attenuator and there is a loss. In the last example,
use the same formula as above and place the larger power over the smaller
power and put a minus sian in front of PR to indicate a power 1o0ss or
attenuation.

Basically, the decibel is a measure of the ratio of two powers. Since
voltage and current are related to power by impedance, the decibel can he
used to express voltage and current ratios provided the input and output
impedances are taken into account.

Equal B = 20 log —£2_ R = 20 Too 22
Impedances: E1 I1
Where: Ep = input voltage Where: Iy = input current
Eo = output voltaae I = output current
Uneaual d8 = 20 log _E2 VA1 VR, B = 2010 12 VR2
Impedances: ] \’RZ I \/Rl
Where: Ry = impedance of the input in ohms
Ro = impedance of the output in ohms
E1 = voltage of the input in volts
Eo> = voltage of the output in volts
I = current of the input in amperes
I» = current of the output in amperes
The NEPER

The neper, based on natural loacarithms to the basee , is a unit used to
measure difference in nower level in the same manner as the dB is used in the
system of common loaarithms.

1 dR = 0.115 neper
1 neper = R.,686 dR

HO G3ABRR32430 0N02-1
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DECREASE (—) DECREASE (—) | NUMBEROF | INCREASE (+) INCREASE (+)

VOLTAGE AND POWER RATIO DBs VOLTAGE AND POWER RATIO

CURRENT RATIO CURRENT RATIO
1.0000 1.0000 (] 1.0000 1.0000
.9886 9772 A 1.0120 1.0230
9772 .9550 2 1.0230 1.0470
.9661 .9330 3 1.0350 1.0720
.9550 .9120 4 1.0470 1.0960
.9441 .8913 5 1.0590 1.1220
.9333 .8710 .6 1.0720 1.1480
9226 .8511 7 1.0840 1.1750
9120 .8318 .8 1.0960 1.2020
.9016 .8128 .9 1.1060 1.2300
.8913 .7943 1. 1.0960 1.2590
.7943 6310 2. 1.2590 1.6850
.7079 5012 3. 1.4130 1.9950
.6310 .3981 4. 1.5860 2.5120
.5623 .3162 5. 1.7780 3.1620
.5012 2612 6. 1.9950 3.9810
4467 1998 7. 2.2390 5.0120
.3981 1685 8. 2.5120 6.3100
.3548 1289 9. 2.8180 7.9430
3162 .1000 10. 3.1620 10.0000
.1000 .0100 20. 10.000 100.0000
.03162 .0010 30. 31.6200 1,000.0000
.0100 .0001 40. 100.0000 10,000.0000
.00316 .00001 50. 316.200 1x10°
-0010 1x10% 60 1,000.0000 1x10¢
.000316 1x 107 70 3,162.0000 1x107

26067
330603A

Table Showing the Relationship Between DBs
and the Power, Vnltaae and Current Ratios

HO G3ABR32430N 0N02-1
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The decibel does not represent actual power, but only a measure of power
ratios. It is desireable to have a loaarithmic expression that represents
actual power. The dBm is such an exnression and it represents power levels
above and below one milliwatt.

The dRm indicates an arbitrary power level with a hase of one milliwatt
and is found by takina 10 times the log of the ratio of actual power to the
reference nower of one milliwatt.

P(dBm) = 10 lona P

1 mw

actual power

Where: P(qpm) = power in dRm
P =
= reference power

1 mw

GUARDING ILLUSTRATED

TERMINAL R

POST
INSULATION \ H

HIHO-

Un-quarded Circuit Guarded Circuit

HO G3ABR32430 n02-1
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SINE WAVE VOLTAGE CONVERSION CHRT

To
Effective Averaqe Peak Pk-to-Pk
Effective
(RMS) 0.900 1.414 2.828
Average 1.110 1.571 3.142
Peak 0.707 0.637 2.000
Pk-to-Pk n.354 0.318 0.500
SINE WAVE ILLUSTRATED
707 \ Eims 7 Eett
& -.6;1__ } AR
TO-
AE R PEAK
Eave
. 2n ¥ 4n 5
3 3 3 3
\ | | * : 3 J % RADIANS
d o b 4 o !
0° 60 1207 100 20 300° 360{
<— ONE ALTERNATION —§i-
- ONE CYCLE -
(PERIOD)

HO G3ABR32430 002-1
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FREQUENMCY CLASSIFICATIOM

Freauency Classification Abbreviation
3-30 KH, Very low frequencies VLF
30-300 KH, Low freauencies LF
300-3,000 KH, Medium freauencies MF
3-30 MH, High freaquencies HF
30-300 MH, Very high freauencies VHF
300-3,000 MH, Ultra-high frequencies LHF
3,000-30,000 MH, Super-high frequencies SHF
30,000-3000,000  MH, Extremely hiah freaquencies EHF
300,000-3,000,000 MH, i s siw mm e ms e b e wE o

DIVIDER NETWORKS

The division of voltage and current in a circuit can be determined in the
followina manner.

Voltaqe Divider Current Divider

Ef It Ra Rb
A
Rb
R R
Ep, = ——2—— Ea I, ~ —Db 1t
a Ry + R a Ry + R
a b ‘a h
Where: E5 = anplied voltage in volts
I+ = total current in amperes
Ry = resistance in ohms
Ry = resistance in ohms
Ep, = Voltage across Ry in volts
Iy = current through Ry in amperes

HO G3ABR32430 N02-1
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NETWORK CONVERSIONS

A simple method for rememberina the A toY and Yto A conversions is
given usina the illustration.

AtoY

The value of each \Y’ resistor is equal to the product of the two adiacent A
resistors divided by the total A resistance.

\Y'to A

The value of each A resistor is found by dividina the sum of all the SY’
resistances hy the value of the opnosite \Y/ resistance.

RI
Ry
Delta circuit consists of : Wve circuit consists of:
R1s Ro, and R3 Ras Rh, and Re

2: = the sum of the resistors in the network specified.

HO G3ABR32430 0N2-1
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COLOR-CODE MARKING FOR RESISTORS

COMPOSITION-TYPE RESISTORS

N
FIRST A FAILURE-RATE LEVEL
SIGNIFICANT (ESTABLISHED RELIABILITY
FIGURE TYPES ONLY)
SECOND TOLERANCE
SIGNIFICANT MULTIPLIER
FIGURE

FILM-TYPE RESISTORS

A B C D E

N
E—— E
FIRST L
SIGNIFICANT TERMINAL
FIGURE
SECOND TOLERANCE
SIGNIFICANT
FIGURE L— MULTIPLIER 26069

Rand A - The first siagnificant figure of the resistance value.
(Rands A thru D are of eaual width)

Band B - The second sianificant fiqure of the resistance value.

Rand C - The multiplier is the factor by which the two sianificant
fiqures are multiplied to yield the nominal resistance
value.

Rand D - The resistance tolerance.

Rand E - When used on composition resistors, band F indicates the

established reljability failure-rate level. On film
resistors, this band is approximately 1 1/2 times the width
of the other bands, and indicates type of terminal,

HN G3ARR3243N 002-1
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COLOR-CNDE CHART

Band A Rand B Band C
Color First Color Second Color Multiplier
Fiqure Fiqure
Black 0 Black 0 Rlack 1
Rrown 1 Brown 1 Brown 10
Red 2 Red 2 Red 100
Orange 3 Nrange 3 Oranqge 1,000
Yellow 4 Yellow 4 Yellow 10,000
Green 5 Green 5 Green 100,000
R1ue 6 R1ue 6 B1ue 1,000,000
Purple 7 Purple 7
(violet) (violet)
Grey 8 Gray 8 Silver 0.01
White 9 White 9 Gold 0.1
Band D Band E
Color Tolerance Color *Failure Terminal
(percent) Rate
Silver *10 Brown 1%
Composition Red 0.1%
type only Orange 0.01%
Yellow Nn.NN1%
5 White -- Solderahle
Red +2
not applicable
to established
reliability
No Color 120

*This is the nercentaqge of failure per 1000 hours of use.

HO G3ARR32430 002-1
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COLOR CODE - CAPACITORS

ONLY A FEW OF THE MANY TYPES AND FORMS OF CAPACITORS ARE PRESENTED.

A
TYPE
18T DIGIT
2NDf|GIT E
> O 0 NE
X \\ ot
MULTIPLIER A — TEMPERATURE
TOLERANCE COEFFICIENT
B — 1ST DIGIT
CHARACTERISTIC OR CLASS C - 2ND DIGIT
D — MULTIPLIER
18T DIGIT E — TOLERANCE
: 2ND DIGIT
| MULTIPLIER
-
L J 'J
O O O0O)
| 4
(@) @) @]
2 |
TOLERANCE
NO COLOR
VOLTAGE RATING
VOLTAGE RATING CAPACITANCE
NO COLOR
TOLEI}ANCE 1ST DIGIT
' T - 2ND DIGIT
MULTIPLIER
O O o TOLERANCE
<‘ T
S 3 : 1
| MULTIPLIER 1ST DIGIT |
ZND DIGIT 2ND DIGIT
1ST DIGIT
VOLTAGE

26074

HO G3ABR32430 002-1
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6-DOT RMA-JAN-AWS STANDARD CAPACITOR COLOR CODE

1sT | 2nD TOLERANCE | CHARACTERISTIC
COLOR TYPE pIGIT | DiGIT | MULTIPLIER (PERCENT) OR CLASS
BLACK | JAN, MICA 0 0 1 APPLIES TO
BROWN 1 : 10 1 TEMPERTURE
RED 2 2 100 2 COEFFICIENTS
ORANGE 3 3 1,000 3 OR METHODS OF
YELLOW 3 3 10,000 3 TESTING
GREEN 5 5 100,000 5
BLUE 6 6 1,000,000 6
PURPLE 7 7 10.000.000 7
GRAY 8 8 100,000,000 8
WHITE RMA, MICA 9 9 1,000,000,000 9
GOLD A
SILVER | AWS, PAPER .01 10
BODY 20
5-COLOR CAPACITOR COLOR CODE
1ST 2ND TOLERANCE VOLTAGE
COLOR DIGIT DIGIT MULTIPLIER (PERCENT) RATING
BLACK 0 0 1
BROWN 1 1 10 1 100
RED 2 2 100 2 200
ORANGE 3 3 1,000 3 300
YELLOW 3 3 10,000 3 400
GREEN 5 5 100,000 5 500
BLUE 6 6 1,000,000 6 600
PURPLE 7 7 10,000,000 7 700
GRAY 8 8 100,000,000 8 800
WHITE 9 9 1,000,000,000 9 900
GOLD A 1000
SILVER .01 10 2000
BODY 20
CERAMIC CAPACITOR COLOR CODE
. ANCE TEMPERATURE
1sT | 2nD OVER10pf | LESSTHAN| COEFFICIENT
COLOR | pigiT | DIGIT | MULTIPLER 10 pf (PPM/DEG. C)
BLACK 0 0 1 +20% 2.0 pf 0
BROWN - b 1 10 +1 % —30
RED 2 2 100 +2 % —80
ORANGE 3 3 1,000 —150
YELLOW 3 3 10,000 —220
GREEN 5 5 +5 % 0.5 pf —330
BLUE 6 6 —470
PURPLE 7 7 —750
GRAY 8 8 .01 0.25 pf +30
WHITE 9 9 1 +10% 1.0 ppf | +500 TO —330
GOLD +100

HO G3ARR32430 N02-1
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READING CAPACITOR CODES

Nifferent markina schemes are used mainly because of the varving needs
fulfilled by different capacitor types. Temnerature coefficient is of minor
importance in an electrolvtic filter capacitor, but it is very important in
ceramic trimmers for attenuator use. You never find temperature coefficient
on an electrolvtic label, but it is alwavs present on ceramic trimmers.

Ceramic Disc Capacitors. Imformation is usuallyv nrinted. Capacitance is
in pf. Capacitance tolerance is shown in percent or by letter. Temperature
coefficient is indicated by P200 which means +200 P/M/°C, or M100O for -100
P/M/°C, etc.

M = +20%
K =1%10%
J =1t 5
G =%t 2%
F =% 1%

Ceramic Tubular Capacitors. These capacitors are usually white enamel
coated with parallel radial Teads and look 1ike "dog hones." The code
consists of color dots which indicate temperature coefficient, capacitance,
and tolerance.

Rutton Mica Canacitors. The most difficult part of reading the code on
these capaciotrs is to remember to read the dots moving in a clockwise
direction. The dots are usually printed more to one side than they are to
the other.

Molded Mica Capacitors. This was once a very popular tvpe, rectanaular
with dots and arrow or similar directional indicator. Standard color code
anplies. The characteristic in mica capaciotrs refers to the temperature
coefficient and capacitance drift,

Dinped Mica Capacitors. This type of canacitor has a nrinted label Tike
that appearing on ceramic disc capacitors.

_ Paper and Film Capacitors. Aluminum and tantalum electrolytic
capacitors, in nearly all cases, have printed or stamped labels indicatim
capacitance, tolerance, and voltage ratinas. Other characteristics are
usually unimportant.

Air Trimmers. The same information applies as with paoner and film
capacitors. Nften only the capacitance ranae is indicated.

HO G3ABR32430 002-1
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Atomic Atomic Electron Confiquration

Mumher Symbol Name Vleiaght K L M N O P D0
1 H Hydrogen 1.0080 1
2 He Helium 4.0026 2
3 Li Lithium A.93 2 1
4 Be Berylium 9.012? 2 .2
5 R Boron 10.811 2" '3
6 C Carbon 12.011 2 4
7 M Mitrogen 14.007 2 5
8 0 Oxvaen 15.999 2 6
9 F Fluorine 18.998 2 7
10 Me Neon 20,183 2 8
11 Na Sodium 22.990 2 8 1
12 Ma Magnesium 24.31?2 2 8 2
13 Al Aluminum 26.982 2 8 3
14 Si Silicon 28 .08k 2 8 4
15 p Phnsphorus 30.974 ? 8 §
16 S Sulfur 32.0A4 2?2 8 6
17 C1 Chlorine 35.453 2 8 7
18 Ar Araon 39,948 2 ] 8
19 K Potassium 39.1N2 2 8 8 1
20 Ca Calcium 40,08 2 8 8 2
21 Sc Scandium 44,956 2 8 9 2
22 Ti Titanium 47.90 2 8 10 2
23 v Vanadium 50,942 2 8 112
24 Cr Chromiun 51.996 2 8 131
25 Mn Manaanese 54,938 ? 8] 132
26 Fe Iron 55.847 2 8 14 2
27 Co Cobalt 5R.933 2 R 15 2?2
28 Ni Mickle 58.71 2 8 16 2
29 Cu Copper 63.54 2 8 181
3N 7n Zinc 65.37 2 8 182
31 Ga Gallium 69,72 2 8 18 3
32 Ge Germanium 72 .59 2 ] 18 4
33 As Arsenic 74.922 2 8 18 5
34 Se Selenium 78.96 2 8 186
35 Br Bromine 79.909 2 8 18 7
36 Kr Krypton 83.80 2 8 18 8
37 Rbh Rubidium 85.47 2 8 188 1
38 Sr Strontium 87.62 2 8 188 2
39 Y Yttrium 8R.905 2 8 189 2
40 Ir Zirconium 91.22. 2 8 18 10 ?
41 Nb Niobhium 92.906 2 8 18121
42 Mo Mo1ybdenum 95.94 2 8 18131
43 Tc Technetium (99) 2 8 18132
44 Ru Ruthenium 101.07 2 8 18151
45 Rh Rhodium 102,91 2 8 18 161
46 Pd Palladium 106.1 2 8 18 18
47 Ag Silver 107 .87 2 8 18 181
48 Cd Cadmiun 112.40 2 8 18 18 2
49 In Indium 114,82 2 R 1R 183
50 Sn Tin 118.69 2 8 18 18 4
51 Sh Antimony 121.75 2 8 18 18 5
52 Te Tellurium 127 .62 ? 8 18 18 h
53 I Iodine 126.90 2?2 8 1R 187
54 Xe Xenon 131.30 2 8 18 18 8
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55
5k
Rl
58
A9
60
61
62
63
4
f5
66
67
68
69
70
71

73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
an
91
9?2
93
94
aqhk
9
97
98
99
100
101
102
103

Cs
Ra
La
Ce
Pr
Nd
Pm
Sm
Fu
Gd
Th

Ho
Er
Tm
Yb
Lu
Hf
Ta
W
Re
Ns
Ir
Pt
Au
Hg
Tl
Ph
Bi
Po
At
Rn
Fr
Ra
Ac
Th
Pa
U
Np
Pu
Am
Cm
Rk
cf
Es
Fm
Md
No
Lw

Cesium
Barium
Lanthanum
Cerium
Praseodymium
Neodymium
Promethium
Samarium
Europium
Gadolinium
Terbhium
Svsprosium
HoTmium
Erium
Thulium
Ytterhium
Lutetium
Hafnium
Tantalum
Tungsten
Rhenium
Osmium
Iridium
Platinum
Gold
Mercury
Thal Tium
Lead
Rismuth
Polonium
Astatine
Radon
Francium
Radium
Actinium
Thorium
Protactinium
Uranium
Meptunium
PTutonium
Americium
Curium
Berkelium
Californium
Einsteinium
Fermium
Mendelevium
Mohelium
Lawrencium

132.91 2 8
137.34 2 8
138.91 2 8
140,12 2 8
140.01 2 8
144,24 2 8
(147) 2 8
150.35 2 8
151 .96 2 8
157.25 2 8
158.92 2 8
162.50 2 8
164.93 2 8
167.26 2 8
168.93 2 8
173.04 2 8
174 .97 2 8
178.49 2 8
180.95 2 8
183.85 2 8
186.2 2 8
190.2 2 8
192.2 2 8
195.09 2 8
196.97 2 8
200.59 2 8
204,37 2 8
207.19 2 8
208,98 2 8
(210) 2 8
(21n) 2 8
(222) 2 R
(223) 2 8
(226) 2 8
(227) 2 8
232.04 2 8
(231) 2 8
238.03 2 8
(237) 2 8
(242) 2 8
(243) 2 8
(247) 2 8
(247) 2 8
(249) 2 8
(254) 2 8
(253) 2 8
(256) 2 8
(254) 2 8
(257) 2 8
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MASS and WEIGHT CONVERSION TABLE

= e b b b

aram = 0.035 ounce
centigram = 0,154 arain
kilogram = 2.2046 pounds

pound = 0.4536 kiloaram = 7000 qrains = 454 arams
ounce = 28.349 arams = 437.5 qrains
grain = 0,0648 grams = 0.002285 ounce

LENGTH CONVERSION TABLE

1

[S Y

= e e

inch = 2.540 centimeters = 0.N83 feet = 0.027 yards
25.4 millimeters = 25,400 microns
30.480 centimeters = 12 inches = 0.333 yards

0.914 meters = 3 feet = 36 inches

foot
yard

meter = 39.37 inches = 1.094 vards

kilometer = 0.6214 statute miles

centimeter = 0.3937 inch

micron = 0.0001 centimeter = 10~ meter

anastrom = 0.0000N001 centimeter = 1010 meter

statute mile = 1.6N9 kilometers = 5280 feet = 1760 yards
nautical mile = 6076.115 feet = 1852.0 meters

VOLUME and PRESSURE CONVERSION TARLE

e ek b e e e e e e e

— e

POWER,

cubic inch = 16.387 cubic centimeters
cubic foot = 0.028 cubic meters = 1728 cubic inches
cubic yard = 0.765 cubic meters = 27 cubic feet

cubic centimeter = 0.061 cubic inch

auart = 946 cubic centimeters = 57.75 cubic inches
liter = 1000 cubic centimeters = 1.057 quart

atmosphere = 14.7 psi = 760 mm of Hg at N°C at sea level
psi = 51.7 mm of mercury

inch of mercury at 0°C = 0.491 pounds per square inch
cm of mercury at 0°C = 13.6 grams per square centimeter
foot of water = 0.433 psi

cubic centimeter of water = 1 gram

cubic foot of water = 62.416 pounds

a = 386 inches/sec?

gallon = 231 cubic inches

gallon = 0.1336788 cubic feet

agallon water @ 4°C = 8.,3454 1bs

millibar = 0.02953 in Hg = N.750062 mm Hq
Torr = 1/760 atmosphere = 1 millimeter

WORK, and HEAT CONVERSION TABLE

= e e e e e

Btu = 252 calories = 778 foot-pounds

watt = 44.28 foot-pounds per minute

kilowatt = 1000 watts = 1.34 horsepower

horsepower = 746 watts = 550 ft/Ths/sec = 33,000 ft/1bs/min
erqg = 1 dype centimeter

joule = 107 erg = 0,239 calorie

calorie = 4,18 joules

watt = 1 joule per second = 3.4 Btu per hour
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TEMPERATURE CONVERSION CHART

FROM TO FORMULA
CLESIUS KELVIN K=C+273.15
FAHRENHEIT | KELVIN K=(5/9) (F + 459.67)
RANKINE KELVIN K=(5/9)R
FAHRENHEIT | CELSIUS C =L1__83i
KELVIN CELSIUS C=K-—273.15
CELSIUS FAHRENHEIT | F=1.8C+32
FAHRENHEIT | RANKINE R=F +459.69

BASIC TEMPERATURE SCALES COMPARISON CHART

CELSIUS
FAHRENHEIT RANKINE KELVIN e NTRIGRADE)
BOILING 0 671.67°R 150 100°
POINT 212°F 373.15°%K 00°C
WATER
FREEZING 0 0 0
POINT 32°F 491.67°R 273.15°K 0°C
WAIER O°F 459.67°R
ABSOLUTE —A459.67°F 0°R 0°K —273.15°C
ZERO

O O O O

330603F1-27
26068

HO G3ABR32430 002-1
29




THERMAL SPECTRUM

Celsius Fahrenheit

Scale
1410
1083.4
1964.43

937.4

961.93

f60.,37

630,74

630.74

444,674

216

156.61

100

57.8
37
4
0.010
0

-38.87

-78.5

-88.3
-182.962
-273.15

Scale
2570
1982.12
1947.974
1719.32
1763.474
1220.666
1167.332
1167.332

832.4132

420

313.898

212

136.04

98.6
39.2
32.018
3?2

-37.966
-109.3
-126.94
-297.3316
-459 .67

Silicon Melts

Copper Melts

Freezina Point of Gold
Germanium Melts

Freezing Point of Silver
Aluminum Melts

Silver Solder Melts
Antimony Melts

Boiling Point of Silver
50/50 Lead/Tin Solder Melts
Indium Melts

Steam Point at Sea Level
Highest Recorded World Temperature
Human Rody Temperature
Maximum Density of Water
Triple Point of Water

Ice Point

Mercury Freezes

Sublimation Point of (05
Lowest Recorded World Temperature
Oxyaen Boils

Absolute Zero

HO G3ABR32430 002-1
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T0

ZEKF's REVERSIBLE FNORMULA (C° -F°

DECIMAL EQUIVALENTS OR COMMON FRACTIONS

1/64 = 0.015 625 11/32 = 0.343 76 43/64 = 0.671 878
1/32 = .031 28 23/64 = .369 378 11/16 = .687 8
3/64 = .046 878 3/8 = .378 45/64 = .703 128
1716 = 0862 8 26/64 = .390 628 23/32= 718 78
5/64 = .078 128 12/32 = .406 28 47/04 = 734 378
3/32= .093 78 27/684 = .421 878 3/4 = .78
7/64 = .109 378 7/18 = 437 8 49/64 = .766 626
1/8 = .128 29/64 = .453 128 25/32 = .781 28
9/64 = .140 625 15/32 = .468 78 51/64 = .796 876
6/32 = .166 28 31/64 = .484 378 13/16 = 812 8
11/64 = 171 878 1/2 = .60 53/64 = .828 128
3/16 = .187 8 33/64 = .615 628 27/32 = .B4A3 78
13/64 = .203 126 17/32 = .831 28 55/64 = .859 376
7/32 = .218 75 36/64 = .546 878 7/8 = .878
16/64 = .234 378 9/16 = .662 B 57/64 = .890 628
174 = .28 37/64 = 578 128 29/32 = .906 26
17/64 = .266 626 19/32 = .693 78 69/64 = .921 878
9/32 = .281 28 39/64 = .609 378 16/16 = .837 6
19/64 = .296 875 6/8 = .828 61/64 = .963 128
5/16 = 312 8 41/64 = .640 625 31/32 = .968 75
21/64 = .328 126 21/32 = .666 26 63/64 = .984 375
LENGTH EQUIVALENT CONVERSION CHART

230003C1-27

/-C®)

FROM
FEET METERS YARDS CENTIMETERS INCHES MILLIMETERS
FEET 1.0 0.3048 0.3333 30.48 12.0 3048
METERS 3.281 1.0 1.0936 100.0 39.37 1000.0
YARDS 3.0 0.9144 1.0 91.44 3s.0 914.4
CENTIMETERS 0.03281 0.01 0.01094 1.0 0.3937 10.0
INCHES 0.08333 0.0254 0.02778 2.540 1.0 25.40
MILLIMETERS 0.003281 0.001 0.001094 0.1 0.03937 1.0
33080301-27
26064

For convertina Aearees felsius to dearees Fahrenheit and visa versa.

1.
2.
3

Add 40

Multinly hv either (/9 F to C) or (9/5 C to F)

Subtract 40

HO G3ARR32430 NN2-1
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SPECIFIC GRAVITY OF SOLIDS

Ice

Aluminun 2.7 n.917
Rrass 8.2-8.7 Iron, steel 7.6-7.8
Carhon 1.9-3.5 Lead 11.34
Cooper 8.9 Nak 0.60-0.98
Gold 19.3 Pine n.37-0.64
Human hody 1.07 1 Silver 1n.5
SPECIFIC GRAVITY OF LIQUIDS
Water, NDistilled 0 4°C 1.000 | Mercury @ N°C 13,5951
Alcohol, Ethyl 0.789 | Milk 1.n29
Carbon Tetrachloride 1.60 0il, Linseed 0.042
Gasoline 0.66-0.69 Water, Sea 1.025
Kerosene 0.82
SPECIFIC GRAVITY OF GASES (air = 1.000)
Ammoni a 0.596 | Neon 0.696
Carbon dioxide 1.529 | Nitrogen 0,967
Hydroaen . 0.069 | Oxvgen 1.105

TORQUE INDICATING HANDLES

Tolerances for torque indicating handles IAW Federal snec GGG-W-A86,

Range

Tolerance

N - 19.9% of full scale
20 - 79,9 of full scale
80 - 10n% of full scale

t* 7% of indicated value
t 4% of indicated value
+ 5% of indicated value

SPEED OF LIGHT IN AIR

The speed of Tight is stated differently in various reference sources.

In this handbook we will accent the speed of light as being:

Approximately 186,000 miles per second or 2.9979 X 108 meters per second.

HO G3ABR32430 002-1
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VOLUMETERIC EXPANSION COEFFENCIENTS

Substance n X 10-4 n X 10-4
ot SF
Alcohol, Ethyl 11.0 6.10
Benzene 13.9 7.70
Petroleum (Pennsvlvania) 9.0 5.0
Mercury 1.82 1.01
Sulfuric Acid 5.56 3.10
Turpentine 9.70 5.40
Water 2.07 1.15
LINER COEFFICIENTS OF EXPANSION
Material n X 1076 n X 10-6
D R — °F
ATluminum 24.5 13.6
Copper 16.2 9.0
Iron (Cast) 11.7 6.5
Nickel ; 12.6 7.0
Platinum 9.0 5.0
Steel (Carbon) 11.3 6.3
Tunagsten 4.3 2.4
Zinc 30.6 17.0
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VARIOUS MEASUREMENTS

Plane fiqures bounded by straiaht lines.

Area of a trianale whose base is (b) and altitude (h).

area = bh

2

i

Area of a rectanaqle with sides (a) and (b).

area = abh a

b

Area of a paralleloaram with side (b) and perpend1cu1ar distance to the
parallel side (h).

area = bh J

Plane fiqures bounded by curve lines.

Circumference of a circle whoes radius is (r) and diameter (d)

circumference 2w r = Td

Area of a circle

area = 7Trl 1/4 T d2 = ,7854d?

Lenath of an arc of a circle for an arc of degrees

length of arc = 7rf
180

HO G3ABR32430 002-1
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FORMULAS
ELECTROSTATICS

1. The force between two charaes is directly proportional to the product
of the charaes and inversely proportional to the sauare of the distance
hetween the charaes.

F = 0109
“kd?
Where F = force in dynes

01 = strenath of charae one in electrostatic units (e.s.u.)
0p = strenath of charae two in electrostatic units.
d = distance separatina charaes in cm.

K = dielectric constant of the medium through which the force
is exerted,

2. The followinag equation is used to show the work performed on an
electrostatic field where a charge has heen transferred.

W= K(0q0,)
d
Vhere W = work in joules

01 = strenath of charae one in electrostatic units.

0p = strenqth of charae two in electrosatic units.
d = distance separating charge in cm,
K = dielectric constant of the medium throuah which the force

is exerted,

3. The formula for electrical pnotential difference is as follows:
E = W

—

Where E the potential in voltg

W

work in joules

0 charae in coulombs

HN G3ABR32430 N02-1
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4, The following formulas are used to determine the deflection factor or
deflection sensitivity of a CRT.

deflection factor df

1
ds—

df = deflection factor

ds = deflection sensitivity
deflection sensitivity ds = 1
qafr
ds = deflection sensitivity
df = deflection factor

MAGNETISM AND ELECTROMAGMETICS

1. The force between two poles is directly proportional to the product
of the pole stremgths and inversely proportional to the souare of the
distance bhetween the poles.

Fo= MM
Ad?
Where F = force between the poles in dynes

ml = magnetic strength of the first pole in unit poles
mz = magnetic strength of the second pole in unit poles
d = distance between the poles in cm

A

2. The number of flux lines per unit area is known as flux density.

).

Where B = flux density

permeability of the medium through which the force acts

§- total lines of flux

A = cross sectional area in cm2

HO G3ABR3243n 002-1
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3. The density of a magnetic field is directly related to the magnetic
force exerted by the field. The formula for field intensity (H) is ag
follows:

Ho= f
m
Where H = field intensity in nersteds
f = force actina upon a magnetic pole in dynes
m = strenath of magnetic pole in unit poles

4. The formula for magnetomotive force in a coil is as follows:

mmf = 4 TNI
10
Where mmf = magnetomotive force in gilberts
N = number of turns
I = current in amperes

5. The formula for reluctance in a coil is as follows:

u A
Where R

reluctance in rels

¥ = permeability of the medium
L = 1lenath of winding in cm
A = area in square cm
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6. The formula for permeability is as follows:

R &
H
Where ¥ = permeability of medium
B = flux density in gausses
H = magnetic intensity in oersteds

7. Anplitude of induced EMF is affected by the rate at which lines of
force are cut. This can be expressed mathematically by the following

formula: Fave = _N®
1n8¢

Where Ejye = average value of induced voltage

N = number of turns
= time in seconds taken to cut all flux lines
® = the number of lines of force
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RESTSTANCE

1. The resistance of a resistor is determined by the type of material
used, its cross sectional area and its length. The resistance value isg
directly pronortional to the length, and inversely proportianal to its cross

sectional area.

Where R
P

1
d
A

?. Resistance

R¢
Where Rt

Ro

o

resistance in ohms

resistance in ohms per circular mil foot of the material
(specific resistance)

length of the conductor
diameter of material in mils
cross sectional area in circular mils
as a function of temnerature (approximation).
Ry (1+axt)
resistance at a aiven temperature
resistance at a reference temnrerature

temperature coefficient of resistance at the reference
temnerature

elevation of the second temperature ahove the reference
temperature in dearees Celsius
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CONDUCTAMCE

1. Conductance is the abilitv of a material to pass electrons. It can
be found by using the followina formula:

G = A
P
Where G = conductance measured in mhos

A cross sectional area in circular mils

el
[}

length measured in feet
P - specific resistance

?. The conductance is the recionrocal of resistance.

G = 1
R
Where G = conductance in mhos

R resistance in ohms

METERS

1. The sensitivitv of a meter movement is often stated in terms of ohms
per volt. This relationship is shown in the following formula:

NN = Ry =]

Em Im
WhereJUV = ohms per volt
Rqm = resistance of the meter movement
Em = full scale reading in volts
Im = full scale current in amperes

NOTE: The imput of a VTVM is constant over its entire range for any
aiven freauency input.
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2. The value of

multiplier resistance needed to extend the ramge of a

voltmeter can he determined using the following formula:

Pmuy = E

E

NN
Ry =

3. To extend th
determined usina the

(LL/V) =Ry
resistance of the multiplier
extended range of the voltmeter
ohms per volt
resistance of the meter movement

e ranae of an ammeter the ppropriate shunt resistor is
following formula:

Rs = InRy
Tt=In
Where Re = shunt valve required
Im = full scale deflection current of the meter movement
Rm = resistance of the meter movement
[+ = total current of desired range
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4. To extend the range of a milliammeter usima a ring (universal) type
shunt the following formula will be used. Some of the resistors may he in
ceries with the meter movement and some in parallel depending on the range

used.

Re = Rily
It
Where Ry = shunt value reauired
Ry = sum of all resistance in the meter circuit, including
the meter resistance
In = full scale deflection current of the meter

Iy = total current of the desired ranae

5

(o]
COMMON 100 ma 50 ma 15 ma
RING SHUNT AMMETER 26072
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OHM'S LAW FOR DC CIRCUITS

When any two values are known, the other two circuit parameters may be

determined. There are shown on the following formulaw chart:
I = current in R = resistance E = voltage P = power
amperes in ohms in volts in watts

known known E=1R P =128
known R=E/I known P = EI

known R = P/12 E = P/I known

I =E/R known known P = E2/R

I = P/E R = EZ2/p known known

I= VPR known E= PR known

OHM'S LAW FOR AC CIRCUITS

When anv two circuit values are known,

may be determined,

the other two circuit parameters
These are shown in the following chart.

I = current in 7 = impedance E = voltage P = power

amperes in ohms in volts in watts
known known E =17 p = IZZ cos O
known 7 =E/I known P =1IE cos ©
1=E/2Z known known P =E2 cos O/
known 7 = P E = p known

I2 cos 6 I cos O
I = P known E = Pz known
7 cos @ co0s O

I = P 7 = E2 cos O known known

E cos©6 [
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SERIES DC CIRCUIT COMPUTATION

The following formulas assume that the source of power has neqligible
resistance.

1. Total resistance (Rt)' The total resistance is the sum of the
individual resistances.

Rt = Tl + R2 + R3 +

2. Total voltage (E4). The total voltage in a series circuit is the sum
of the individual voltage drons, and is equal to the voltage of the source,

Et=E1+E2+E3+oooo

3. Total current (I4). The total current is determined by the total
resistance of the circuit and the applied voltage and will be of the same
value at any point in the circuit.

13 =..

Iy = ) = I, =

4. Total power (Py). The total power dissipated in a series circuit is
the sum of all nower losses in the circuit.

pt b Pl + p2 * P3 + « o o »
5. Total conductance (Gg).
Gy = 1
t
I + 1 + 1

5 & G
PARALLFL DC CIRCUIT COMPUTATION

The following formulas assume that the source of power has negliaible
resistance.
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1. Total resistance (Rt)- The total resistance is the reciprocal of the
sum of the reciprocals. It will always be less than the resistance of the
smallest parallel resistor.

For resistors of like value:

Rt = value of one resistor
number of resistors

For two parallel resistors:
Re = Ry X Po

AL+ By

2. Total vnltaae (Et)- The total voltage is applied to each branch of
the parallel circuit.

Ey = E = Er = E3 = . ...

3. Total current (Iy). The total current is the sum of the currents in
the individual branches. The current flow in each branch is inversely
proportional to the resistance of that branch.

It = Il + IZ + I3

A. Total power (Pi). The total power dissipated in a parallel circuit
is the sum of a1l power losses in the circuit.

pt = Pl + P2 + P3 s
K. Total conductance (G4).

Gt = Gl E G? + G3 + 5 a5 .
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CAPACITANCE

1. The quantity of electricity stored within a capacitor is detemined
by the potential impressed across the capacitor and the capitance of the
capacitor.

n = CE

Where: 0 the auantity stored in coulombs

E

the potential impressed across the capacitor in volts

C capacitance in farads

2. The capacitance of a capacitor is determined by the dielectric
constant of the dielectric used, plate area, and distance between the plates.

C = 0.0885 €S(N-1)
il

Where: C = capacitance in picofarads

= dielectric constant (see table bhelow)

*S = area of one plate in square centimeters
N = number of plates
*d = thickness of the dielectric in centimeters (same as the

distance hetween the plates)

* When S and d are given in inches, change constant N.0885 to 0.224.
The answer will still be in picofarads.

TABLE of DIELECTRIC CONSTANTS

Dielectric € Value* Dielectric € Value¥*
Air 1.0 Mica 6.0
Bakelite 5.0 Paper (paraffin) 3.5
Reeswax 3.0 Porcelain 6.N
Cambric 4.n Pyrex 4.5
Fibre 5.0 Quartz 5.0
Glass R.0 Rubher 3.0

*True value depends upon quality of material

3. The total capacitance (Cy) of capacitors in series is the reciprocal
of the sum of the recinrocals. The total capacitance will be Tess than the
value of the smallest capacitor.

Ct

1 +

1
1 +
)

+ ...

T
T3
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For series canacitors of like value:

C¢ = value of canacitors
number of capacitors

For two series canacitors:

Ct = CIC?
Cy *+Cp

4, The total capacitance (Ct) of canacitors in parallel is the sum of
the individual capacitors.

b % Ep o lig - Lgvviie |

SELF IMDUCTANCE

A number of factors determine the inductance of a coil, such as the
number of turns, ratio of the diameter to lenath, tvne of core material used
and the method of windina.

1. Nne common formula for self indictance is as follows:

L= e = Ate
AT AT
At
Where L = self inductance in henrys
€ = jnduced vnltaae in volts (CEMF)
A1i = chande in current in amps
At = change in time in seconds
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2. The formula for the CEMF produced in an inductor is as follows:

= 0,47 nldA Ai = L Ai
1 At At
Where: = counter emf in volts
0.4 = a constant factor which will cause the answer to he in
volts
n = number of turns of the coil

A/ = permeability

A = area of the cross section of the coil in cm2.

e
1}

change in current

>
o+
1]

change in time

1 = length of the coil

. inductance in henrys
3. The total inductance (Li) of inductors in series is the sum of
individual inductances. (Assume zero coupling between inductors).

Lt=L1+L?_+L3-

4. The total inductance of inductors in parallel is the reciprocal of
the sum of the reciprocals. The total inductance will always be less than
the value of the smallest inductor. (Assume zero couplina between
inductors.)

Ly = 1
1 + 1 + 1
Ly, L L3

HO G3ABR32430 002-1
AQ




For inductors of 1ike value:

Ly = value of one inductor
number of inductors

For two inductors in parallel:
Ly = Libp
Ly + Lo
COUPLED INDUCTAMCE

When the magnetic field of an inductor interacts with the field of
another inductor in the circuit the inductance will be changed as indicated
hy the following formulas.

1. Inductors in series with aiding fields:

La = Lyt +t2M

Where Ly = total inductance with aiding fields

=
1]

mutual inductance
2. Inductors n series with opposing fields:
LO = Ll + L2 - 2M
Where L, = total inductance with opposing fields

M

mutual inductance
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3. Inductors in parallel with fields aiding:

]

Where L, total inductance with fields aiding

M

mutual inductance

4. Inductors in parallel with fields opposing:
Lg = 1
1 + 1
L]_-M L2-M

Where L, = total inductance with fields opposing

M

mutual inductance

MUTUAL INDUCTANCE

The amount of mutual inductance present in a circuit depends on the
amount of inductance in each coil and the coupling between them,

Moo= Kk VI XL

Where M = mutual inductance in henrys.
K = coefficient of coupling expressed as a decimal factor.
Ll = inductance of the primary in henrys.

L2 = 1inductance of the secondary in henrys.
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ALTERNATING CURRENT GENERATION

1. The voltage generated in a generator winding may be found by using
the followina formula:

Fave = N® x 10-®
t

Where Ejye = average induced voltage

N

¢

t

number of turns in the coil

change of flux in maxwells

chanae of time increments in seconds

?. The instantaneous induced voltage during the oeneration of a sine
wave is determined by the following formula:

e = Epax (sin@ )

Yhere e The instantaneous value of the induced voltage

Emax = the maximum induced voltane

>
I

the instantaneous angular displacement of the rotating
vector

3. The maximum aenerated current is directly proportional to the
generated voltage and inversely proportional to the load resistance.

Imax = Emax

R
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Where Inax = maximum generated current
Emax = maximum generated voltage

R 1oad resistance

4., The instantaneous currents can be calculated usina the following
formula:

i = Ipay (sing)

the instantaneous value of the current

Where i

Imax = maximum generated current

0

the instantaneous anaular displacement of the rotating
vector

5. The freauency of an alternator output can be detemined by the
following formula:

f=_PsS
120

Where f

freauency in Hertz

P = the number of generator poles
S = the speed in RPM
6. The period of a sine wave is the reciprocal of its frequency.
T = 1
3
Where T = nperiod in seconds

f frequency in Hertz
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7. To determine phase angle, the following equation is used:

0 =t OR 6 = 360° tf
360° T
Where 6 = angle in dearees

t = aiven amount of time in seconds
f = frequency in Hertz
T = period of the wave in seconds
8. Circular velocity such as that of an armature of an alternator is

called angular velocity and is symbolized by the Greek letter omega
It is determined by the following formula

w=27f
Where w = anqular velocity in radians per second
f = frequency in Hertz
2T = 6.28 radians, which equals 360°
REACTANCE
1. The inductive reactance of an inductor is detemined by the following
formula:
XL = 27 fL
Where X = inductive reactance in ohms
f = frequency in Hertz
L = inductance in henrys

2. The capacitive reactance of a capacitor is determined by the
following formula. Note that an increase in frequency or capacitance will
result in a Tower Xc.

X¢ = 1 = 0,159
2w fC fC
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Where XC = capacitive reactance in ohms

f frequency in Hertz

(qp]
]

capacitance in farads
RESONANCE

1. To determine the resonant frequency of a given inductance and
capacitance combination the following formula is used:

fro. = 1 = 0,159
2 ™ “LC VvILC
Where f. = resonant frequency in Hertz
L = inductance in henrys

C capacitance in farads

2. To determine the value of an inductor needed to produce a known
resonant freaquencv with a given capacitor, the following formula is used:

L = 1
4T 2.2
Where L = inductance in henrys
f. = resonant frequency desired in Hertz

C = capacitance in farads

3. To determine the value of a capacitor needed to provide a known
resonant frequency with a aiven inductor, the following formula is used:

C = 1
4™ 26 2)
Where C = capacitance in farads
f, = resonant frequency desired in Hertz
L = 1inductance in henrys
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AC CIRCUIT COMPUTATION

Impedance is the total opposition in an AC circuit. In an AC circuit
that is purely resistive, the 7 is equal to the total resistance. This is
also true when the AC circuit is resonant. However, when an AC circuit is
either inductive or capacitive, the computation is more involved,

1. The impedance of a series AC inductive circuit can be determined by
the following formula:

7 = A 7+r2

Where 7 = 1impedance in ohms
X, = inductive reactance in ohms
Rt = total circuit resistance in ohms

2. Impedance of a series capacitive circuit can be determined bv the
followina formula:

7 = VXCZ + sz

Where Z = 1impedance in ohms
Xe = capacitive reactnce in ohms
Rt = total circuit resistance in ohms

3. Impedance of a series ciruit containing resistance, inductance and
capacitance can be determined by the following formula:

7 = VRt?' + (XC - XL)Z
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Where Z impedance in ohms
XL = inductive reactance in ohms
XC = canacitive reactance in ohms

4, The voltaae drop across any component in a series AC circuit is the
product of the current and resistance, or reactance, of that component.

Ep = IR
Ec = IX¢
EL = IXL
Where Ep = voltage drop across a resistor
E¢c = voltage drop across a capacitor
E_ = voltage drop across an inductor

5. The applied voltage of a series AC circuit may be computed in the
same manner as the impedance.

Ea = VERZ + (E¢ - )2

Where Ea

anplied voltage
Ep = voltage drop across the resistor

EL = voltage drop across the inductor

,_’II
1]

voltage drop across the capacitor
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6. The current of a series AC circuit is the same at all points in the
series circuit.

Iy = Ig =1L = I¢

there It = total current in amps

current through resistor in amps
I = current through inductor in amps

current through capacitor in amps

—
()
n

7. The current of a series AC circuit can be determined by using Ohm's
law for Ac circuits.

I = E,
7
Where I = current flow in amps
F3 = applied voltage in volts
7 = impedance of the series AC circuit in ohms

8. The voltaae of a parallel AC circuit is the same across each branch
and is equal to the applied voltage.

Fa = Ep = EL = E¢
Khere E5 = applied voltage

voltage across the resistor

m
=
|

EL = voltage across the inductor

voltaae across the capacitor

m
(]
I
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9., The current flow in each branch of a parallel AC circuit is
proportional to the R, X Or X; of that branch.

Ip = £
R
L = B
XL
Ie = E
Xc
Wlhere IR = current in resistive branch in amps
I = current in inductive branch in amns
IC = current in capacitive branch in amps
E = wvnltage across the parallel branch

10, The total current of a parallel AC circuit can be found using the
Pvthagorean theorem as indicated below.

Iy = VIp?+ (I - 17

Where It = total current in amps

Ip = current through the resistor in amps
Ic = current of capacitor in amps
I = current through inductor in amps

11. The impedance of a parallel AC circuit can be found by using Ohm's
law for a AC circuit.

Where 7

impedance in ohms

Ea = applied voltaae in volts

T total current in amps
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12. The plane anale is the anqle, expressed in dearees, hv which the
current laqs the voltage in an inductive circuit, or leads the voltage in a
canacitive circuit. In a purely theoretical circuit, current leads or lags
by 90°.

In a pure resistive circuit, 6= 0°
In a pure reactive circuit, @ = 090°
(capacitive) 0 = -90°
(inductive) 6 = +90°
In a resonant circuit, 0 = o°

The phase angle is equal to the angle whose tangent is:
For series circuit, 0 = arc tan X

R
For parallel circuit, 6 = arc tan R_
X
Where @ = phase angle in deqrees
X = reactance in ohms
R = resistance in ohms
arc tan = the angle whose tangent is

13. Voltaae phase angle is the anqgle, expressed in dearees, that the
output voltage of a circuit varies in phase with respect to the input
voltaae.

EO = Zoutg

Ztot 0
Where EQ = phase of the output voltage
Zout @ = phase anale across the outout impedance

Lot @ = phase anale across the total impednce of the circuit.
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14. The apparent power in an AC circuit is obtained bv multiplvina the
effective value of voltage and current in a reactive circuit, and is
expressed in terms of volt-amperes.

Py = EI
Since E = I7 in an PC or RL circuit
P, = 127

Where P5 = apparent power in volt-amperes

E = wvoltage in volts
I = current in amperes
7 = impedance in ohms

15. True power is the actual amount of power consumed by the resistive
circuit elements in an AC circuit, and is expressed in terms of watts. The
power expended in a circuit may be found by usina any of the followina
formulas.

Py = I2R
P, = FEpl
Py = EI pf
Where Py = true or active power in watts
I = current in amperes
R = vresistance in ohms

ER = voltaqe across the resistance
E = wvoltaage in volts

nf nower factor

16. The nower factor is the ratio of true power to apparent power in a
reactive resistave circuit. It is an expression of the lead or lag as
represented by the cosine of the phase angle.

power factor = true power
apparent power
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pf = Pt = IR = R = cos
b 1 71
Where pf = power factor
Pt = true power in watts
P3 = apparent power in volt-amperes
I = current in amperes
R = resistance in ohms
7 = 1impedance in ohms
cos = cosine anale theta

17. The figure of merit, or quality factor (Q) of a component is a
measure of its enerqy storing ability. It is the ratio of reactance for a
reactive component or a circuit containing a reactive component to
resistance.

a. For an inductor and resistance in series the formula is:

0=XL
Rg
Where 0 = quality factor
XL = inductive reactance in ohms
RS = series resistance in ohms

b. For a capacitor and resistance in series the formula is:

n = XC
Rg
Where 0 = quality quality factor

Xe capacitive reactance in ohms

RS series resistance in ohms
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c. For an inductor and resistance in parallel the formula is:

Q = Rp
XL
Where 0 = quality factor

XL = finductive reactance in ohms
Rp = parallel resistance in ohms. This value is relatively
' high. Remember that any additional resistance in
parallel will lower the 0.

dA. For a capacitor and resistance in parallel the formula is:

0 = Rp
Xc
Where 0 = quality factor

Xc capacitive reactance in ohms

Rp = parallel resistance in ohms. This value is relatively
hiqgh. Remember that anv additional parallel resistance
will Tower the Q.

e. For a series resonant circuit the 0 of the circuit exnressed at
the resonant frequency is:

Q = XL or XC
Rts
Where 0 = aquality factor

XL = inductive reactance in ohms
X¢ = capacitive reactance in ohms
Rtg = total effective series resistance in ohms

f. For a parallel resonant circuit the 0 of the circuit exnressed at
the resonant freauency is:

g = Rtp

XL
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Where Q = quality factor
X_ = inductive reactance in ohms
Rtp = total effective parallel resistance in ohms

18. The O of an inductor, or a capacitor, can be decreased hy adding
series resistance to the series resistance that the inductor or capacitor
nossesses by reason of its design. The total value of resistance needed can
he found usina the followina formulas.

Rt = X Rt = X
o o
Where Ry = total resistance needed to achieve desired 0
XL = inductive reactance in ohms
X¢ = canacitive reactance in ohms
0L = desired N value of the inductor

Oc = desired (0 value of the capacitor

19. The 0 of an inductor, tank circuit, or canacitor can be lTowered by
addina parallel resistance. In order to ascertain the value of parallel
resistance needed to obtain the desired new Q, three operations are performed
as follows.

a. Find the total value of parallel resistance needed to lower the 0
to the desired value.

Re = 0% Re = QcXc
Where Ry = 5ota1 paral lel resistance needed to produce the desired
X, = finductive reactance in ohms
Xe = canacitive reactance in ohms
QL = quality of the inductive circuit desired
0Oc = ouality of the capbacitive circuit desired
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b. Determine the value of parallel eaquivalent resistance.
RE = QXL Re = OcXc

Where RE = parallel eauivalent resistance

XL = iJjnductive reactance in ohms

capacitive reactance in ohms

>
>
n

0p = auality of inductor that now exists
Oc = auality of capacitor that now exists

c. Find the actual value of parallel resistance needed.

Rp= 1
Rt Rp
Where Rp = actual parallel resistance needed
Rt = total resistance
Rg = Parallel eauivalent resistance

20. The dissipation factor (D) of a capacitor or inductor can be
determined by the followina formulas:

n = R =1
Xc 0
DL= R = 1"~
XL 0
Where D = dissipation factnr of a capacitor
DL = dissipation factor of an inductor
X¢ = caoacitive reactance in ohms
0 = aquality factor of inductor or capacitor
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21. For solution of complex RC or RL circuits, each branch can be treated
as a separate circuit in order to calculate the 7 for each. The total
impedance can then be detemined by the followina formula.

NOTE: Total impedance must be in rectangular notation.

Zt= 1
T+ 1 + 1
Ly By 7R3
Zy = 71 7p2 Zp3

Zn1 (7p7 *+ Zp3) + Zp2lp3

Where Z; = total impedance in ohms
Zp1 = impedance of branch one
72 = impedance of hranch two

7p3 = 1impedance of hranch three

2?2. In order to compute the total current of a complex RC or RL circuit,
the current of each branch is computed and the branch currents are then
added.

It = Igp + Ipgp + Ip3

Where I4 total current
Ig1 = current of branch one
Ip2 = current of branch two

I3 = current of hranch three
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SERIES AC CIRCUIT VECTORS

1. SERIES RL CIRCUITS

X_ OR E,
En OR Zg
Ir. Ip. 1L, R, Eq
- 2 2 X
ZT R + XL = R —1 L
cos 6 SIN ¢
E, = 2 - -
z JER + E2 Ep E,
cos o SIN 6

E
6 = INV (ARC) TAN L INV (ARC) TAN XL
ER R

2. SERIES RC CIRCUITS

» lT' 'R' lc, R, ER

Epn OR Zr

XC OR Ec
R = XC

[ r2 2 =
z; = R + X
T ¢ cos ¢
- / 2 2 ,
Ea Ep? + E¢ ER = Eg
3

cos 6 SIN ¢
6 = INV (ARC) TAN Ec = INV (ARC) TAN x_c
Eg R
26051
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3. SERIES RCL CIRCUITS

XL OR E

)

Epn OR Z¢

'

Xc OR Egq

— 1. lg. lg. 1. Eg. R

Epn OR Z7

2 2
Zr = Jn + (X, - X

2

6 = INV (ARC) TAN

=_R = XL - Xc
Cos 0 SIN 6

2 = =
Cos 6 SIN 6

fL ~ % = INV (ARC) TAN X - X

26075
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PARALLEL AC CIRCUIT VECTORS

1. PARALLEL RL CIRCUITS

XL
ﬁ -
T~ EA' ER' EL, 'R, R
: )
I
Zr = E,
Iy
- [ 2 2 - -
Iy 1R2 + 1y I I
cos 6 SIN 6
6 = INV (ARC) TAN I = INV (ARC) TAN R
e X,
In L

NOTE: THE PHASE ANGLE OF Z1 WILL ALWAYS BE THE SAME
NUMERICAL VALUE AS It BUT OPPOSITE IN POLARITY.

26053
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2. Parallel Rf Circuits

’ EA, ER, Ec, 'R, ﬂ

Xe
I = E
N
Ir=  REF+ 2 = o= I
Cos§  sing
= IW (ARC) TAN Iz = INW (ARC) TAN R
R X

MOTE: The Phase anale of 77 will always be the same numerical value as
It but opnosite in polarity.
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3. Parallel RCL Circuits

X, OR |
L c
A
Iy (CKT ACTING CAPACITIVELY)
Z; (CKT ACTING INDUCTIVELY)
’ EA, ER, Ec, EL, lR, R
It (CKT ACTING INDUCTIVELY)
¢ Z; (CKT ACTING CAPACITIVELY)
X~ OR |
c L 26054
ZT . EA
It
IT = IRZ + (IC - IL)Z = IR = IC - IL
Cos @ Sin@

= INV (ARC) TAN I - I;

Ip

NOTE: The Phase Anale of Zy will always be the same numerical value as
I but opposite in polarity.
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BANDWINTH

1. The bandwidth (A f) of a circuit is laraely dependent on the 0 of
that circuit. This is shown in the following formula:

Af = f,

0

Where Af

bandwidth in Hertz
f

r resonant frequency of the circuit in Hertz

0

]

quality factor of the circuit

2. The lowest freaquencv of the bandpass can be determined by the use of
the following formula:

fi = fr-Af

?
Where fl = lowest frequency of the bandpass
fr = resonant frequency of the circuit in Hertz
Af = bandwidth of the circuit in Hertz

3. The highest freauency of the handpass can be determined usina the
followina formula:

f"?_ = fr + Af
2

Where fg highest frequency of the bandpass

fr resonant frequency of the circuit in Hertz
Af
TRANSFORMERS

bandwidth of the circuit in Hertz

L. The relationshin hetween voltage, current, and number of turns is
shown in the followina formulas:

Ep = 1o = ND
Eq I Ng
Where Ep = voltaqe of the primary

voltage of the secondary

—
]

D current of the nrimary
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I = current of the secondary
Mp = number of turns of the primary
Ng = number of turns of the secondary

2. The power relationship hetween the primary and secondary circuit in a
ideal transformer is shown as follows:

Pp = Pg

or EpI, = EIg

Where PD = power of the primary
P¢ = power of the secondary
E, = voltage of the primary
E¢ = voltage of the secondary
Ip = current of the primary

IS = current of the secondary

3. The relationship between impedance and the number of turns is shown
by the following equation.

I, = Np\ 2
Zg Mg
Where Zp = impedance of the primary
Zg = 1impedance of the secondary
Np = number of turns of the primary

Ng = number of turns of the secondary
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4. The relationship between the primary and secondary voltages, currents
and impedances are shown in the followina equation.

2 - 2
Z, = Ey = Is \ 2
Zg Es In
Where Zp = impedance of the primary

Zg = impedance of the secondary
Ep = voltage of the primary

Es = voltage of the secondary
Ip = current of the primary

I = current of the secondary

5. The impedance reflection from the secondary to the primary can be
determined using the followina formula.

Zp = -7
Ly * Ig
Where Z,. = reflection impedance

Zm = mutual impedance
Zp = 1impedance in series with the secondary

Zs = 1impedance of the secondary windina
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6. The total impedance when lookina into the primary of a transformer
may be found usina the following formula:

2
zt=zl+z|r,-__i_zm+_Z
2 s

Where 74 = total impedance when looking into the primary
Zqy = impedance in series with the primary winding
Zp = 1impednce of the primary winding
Iy = mutual impedance
Zp = fimpedance in series with the secondary winding
Zg = 1impedance of the secondary winding
7. The voltaae induced in a stator leg of a synchro from a rotor:

Eind = Emax cos @

Where Ejnq voltage induced in the stator lea

Emax = maximum voltage that can be induced in the stator leq
for that innut

cos = cosine of the anqle hetween the rotor and stator
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RC TIME COMSTAMTS

1. The time of one time constant in an RC circuit is found by usina the
followina formula:

TC = RC

Where TC time for one time constant

R resistance in ohms

C canacitance in farads

2. The number of time constants per any aiven time must often be known
before we can ascertain what effect the RC circuit will have on an input
waveform. If an RC circuit has a time constant at least ten times longer
than the period of the input, it is said to have a long time constant. The
number of time constants per a aiven time can be found by using the followina

formula:
Mumber of time constants = t
RC
Where t = any aiven time in seconds
R = resistance in ohms
C = canacitance in farads
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3. The voltage across a canacitor in an RC circuit at a given instant
can be determined roughly with the Universal Time Constant Chart. It can be
determined more accuractely by using the followina equation.

®)
ec = K 1 -€ RC

instantaneous capacitor voltage

=
=
D
3
o
(]
(2]
|

Ea = applied voltage
t = time in seconds
R = resistance of the RC circuit in ohms

C

capacitance in farads of the RC circuit
€ = the base of natural loqarithms, 2.718
4, The voltage across a resistor in an RC circuit at a given instant can

be determined roughly with the Universal Time Constant Chart. It can be
determined more accurately by using the followina formula.

(%)
e, = E, € \RC

instantaneous resistor voltage

Where e,
Eg ™ apnIied voltage
t= time in seconds
R = resistance in ohms
C = capacitance in farads

€ = the base of natural logarithms, 2.718
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5. 1f ec or e., and the applied voltaae of an RC circuit are known, the
unknown parameter can be readily determined using the formulas:

e, = E; - en
ep = Ea - e
Where ec = 1instantaneous capacitor voltage

e, = 1instantaneous resistor voltage

applied voltage

m
Q
(]

6. The instantaneous charge current in an RC curcuit can be found by the
following formula:

ei)
i = Ea | \rC

R

Where i instantaneous charge current in amps

Ey = aoplied voltage in volts

R = resistance in ohms
t = time in seconds
L = capacitance in farads

€ = the base of natural logarithms, 2.718
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7. The discharae of a capacitor, through a resistor, follows the same
exponential curve as the charge through a resistor. The following formula
can be used to determine the instantaneous voltage acrnss a resistor during

di SC!IaI qe-
)
6

en = E¢
where e, = instantaneous voltaae across a resistor
Ec = voltage of the canacitor
t = time in seconds
R = resistance in ohms
C = capacitance in farads
€ = the base of natural logarithms, 2.718

RL TIME CONSTANTS

1. The time of one time constant in an RL circuit is found by using the
following formula.

TC = L
R
Where TC = time for one time constant
L = inductance in henrys
R = resistance in ohms
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2. The number of time constants per anv aiven time can be detemined hv
using the following formula:

number of time constants = _=ER
L
where t = anv aiven time in seconds
L = inductance in henrys
R = resistance in ohms

3. The voltage across the inductor in an LR circuit at a aiven time mav
be found by using the followina formula:

)

Where e = instantaneous inductor voltage

EL= Ea

Ea = applied voltage

R = resistance in ohms

t = time in seconds

L = idnductance in henrys

€ = the hase of natural logarithms, 2,718

4. The voltage across a resistor in an LR circuit at a qgiven instant can
he determined roughly with the Universal Time Constant Chart. It can he
determined more accurately by using the following equation.

ey

instantaneous resistor voltage

Where e

Ea = anplied voltaqe

R = vresistance in ohms

t = time in seconds

L = inductance in henrvs

€ = the base of natural loaarithms, 2,718
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5. If e  Or e, and the anplied voltage of a RL circuit is known, the
unknown parameter can be determined by using the followina formulas:

e = Ey - e, e, = Ez - e
e = the instantaneous inductor voltage
e, = the instantaneous resistor voltaae
Ex = the applied voltaae

HN G3ARR32430 002-1
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f. The instantaneous charge current in an LR circuit can be found by the
followina formula.

Ea "tR
(el
R L

Where i

instantaneous charge current in amps
E; = applied voltaae

R = resistance in ohms

t = time in seconds

L = inductance in henrys

€ = the base of natural logarithms, 2.718

POYER SUPPLIES

1. The nercentage of ripple can be determined by the formula:

percentage of ripple = Enne x 100
Eo
Where Epne = rms value of the riople in volts
Es = DC output of the power supply in volts

?. The percentage of regulation can be determined using the eaation:

ENL - EFL
EFL
Ereq = nercentage of requlation

Ey. = no load voltage

EFL full load voltage
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ELECTRON TUBES

1. The following formula is used to compute the DC resistance of a
diode,

Where RD = DC resistance in ohms

Ep = the potential between plate and cathode in volts

Ip = the plate current in amps

2. The AC plate resistance is the opposition offered to the flow of
alternating current by an electron tube. It can be determined by using the
followina formula:

A €p
rp = —
A iy (Eq constant)
Where rp = Ac plate resistnce in ohms
ey = the change in instantaneous voltage at the plate
iD = the change in instantaneous current through the tube

3. The amplification factor can be determined bv using the following
formula:

e
e A (I constant)
Aeg
Where » = amplification factor
ep = the potential between the plate and cathode in volts
eq = grid voltage in volts

A = a change of

4. Transconductance is a term used to exnress the ratio of the chanae in
current in one electrode to the change in voltage of another electrode while
other voltages are constant. It can be found using the followina formula:

A'p
Aeq (Ep constant)

I
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Where aq transconductance in mhos

iD = plate current in amps
eq = arid voltaae in volts

a chanae of

5. The followina formulas express the relationship between three dynamic

characteristics of electron tubes.

Bl
p

b= gy iy
rp = _*
9

Where ay = transconductance in mhos

# = (mu) amnlification factor

™ AC plate resistance in ohms

AMPLIFIERS
1. The voltage aain of an amnlifier can be defined as the ratio of
output voltage to input voltage, as indicated in the following formula:
A = €

"e??

A = %o
e

Where A voltaane gain of the amplifier

output voltage

[
o
1

innut voltage

9>}
—e
i

D
|

arid voltaae

2. Since the voltaae gain of an amplifier is the ratio of the output to
the input, and the input was the qgrid voltage (eq), the following formula can

be used to determine aain.
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p +7
Where A = voltage gain of an amplifier
M = amplification factor

Z = 1impedance of the load
rp = AC plate resistance
3. The voltage or current gain of an amplifier in decibels can bhe

computed by using the following formulas. These formulas assume that the
innut resistance and the output resistance are the same.

dB = 20 log E,
Ein

dB = 20 log Io
Iin

Where dB = voltage or current gain in decibels
log = logarithm to the base 10
Eo = output power
Ein = input.power

I, = output current

input current

4. The nower qain of an amplifier in decibels may be determined hy usina
the following formula. This formula assumes that the input resistance and
the output resistance are the same.

dB = 10 log Po
Pin
Where dB = power aain in decihels

—

o

Q
1]

Togarithm to the base 10

O
o
1]

output power

Pin = Tnout power
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5. The power gain of an amnlifier in decibels may be detemined by using
the following formula, even though, the input and output resistance are not
the same. '

Eol
Ro
dB = 10 log
Ein2
Rin
Where dR = power gain in decibels

Togarithm to the base 10

_—
o
2
1]

Eo = output voltage

Ro = output resistance

input voltaae
Rin = finout resistance

6. The total voltage gain of amplifier stages in cascade can he found by
the following formula.

At = A1 Ay A3

Where At total qain of the stages
Ay = first staae
Ap = second stage
A3 = third stage

7. The formula for the equivalent resistance of the constant current
equivalent circuit at mid-frequencies is as follows:

Req = -
$ * .1 & 1
Y‘D RL Rg
Where Roq = the equivalent resistance of the constant current

equivalent circuit at mid-frequencies

rp = AC plate resistance in ohms for stage V;
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RL=

R

g9

plate load resistor in ohms for stage V,

= grid resistance in ohms for stage Vp

MID FREQUENCY EQUIVALENT CIRCUIT (CONSTANT CURRENT)

8. The formula for gain at mid frequencies is as follows:

A =

m

Where Ay

Im

Req

ImReq
mid frequency gain

transconductance of Vi

equivalent resistance of the constant current equivalent
circuit at mid frequencies

9. The formula for determining the Miller effect capacitance for high
frequency consideration is as follows:

CqD

Cap (Ap + 1)
Miller canacitance

mid frequency gain

= capacitance between grid and plate of Vi

10. The input or looking in capacitance of V; can he detemined by use of
the formula shown below. This represents the shunt capacitance (C) of a
single stage amplifier.

Cin

Where Cip =

G
qu

Cap

lw -

Gy * Bap + By T # 1)
input capacitance of Vq or shunt capacitance (C)

wirina capacitance

canacitance between arid and cathode of V1

(Ap + 1) = Miller capacitance of V;
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11. The total shunt canacitance of a two stage amplifier can be
determined by the use of the following formula:

Cs = CDk + qu + qu (Am +1) +C,
Where Cs = total shunt capacitance of a two stage amplifier
Cok = nplate to cathode capacitance of Vi
qu = grid to cathode capacitance of Vp

Cap(An + 1) = Miller cpacitance of V,

Cy = Wiring capacitance of the circuit. This can be dropped
if not qiven.

12. The frequency at the upper half power point can be detemined by the
following formula:

Fh = 0.159
(req) (Cs)
Where f,, = frequency at upper half power point
Raq = equivalent resistance of constant current equivalent
circuit at mid freauency
Cs = total shunt capacitance of the amplifier used
r R R e
P L 9 Cg e

HIGH FREQUENCY EQUIVALENT CIRCUIT (CONSTANT CURRENT)

13. The qgain at the upper half power point can be determined by the
following formula:

An = (Ay) (0.707)

Where An, = gain at the upper half power point

Am mid freaquency gain
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14. The formula used to determine the equivalent resistance of the
constant voltage equivalent circuit at low freguency is as shown helow.

Req' = Rq + rp R
fp + R
Where Ran' = eauivalent resistance of the constant voltage
' equivalent circuit at lTow frequency
rp = AC plate resistance in ohms for stage V;

R = plate load resistance in ohms for stage Vq

Rq = grid resistor in ohms for stage Vs

cl:
—

3

<
(P4
‘D

LOW FREQUENCY EQUIVALENT CIRCUIT (CONSTANT VOLTAGE)

Req = Rq if p RL

rp t RL is less than 10% of Rq

15. The freaquency at the lower half power point can be determined hy the
followina formula:

fL = _0.159
”eq CC

Where f| = frequency at the lTower half power point

Req' = eauivalent resistance of the constant voltage
equivalent circuit at low frequency

Cc = couplina capacitor between Vi and Vo

16. The gain at the lower half power point can be determined by the
following formula:

AL = (Ay) (0.707)
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Where Al = gain at lower half power point
An = mid frequency qain

17. The bandwidth of an amplifier is determined by using the formula
shown below.

BW = fh - fL

Where BW

bandwidth of amplifier

i frequency at upper half power point

fL = frequency at Tower half power point

AMPLIFIERS WITH FEEDBACK

1. The gain of an amplifier with feedback can be determined by the
following formula:

A' = A
1-(f BA)
Where A' = qain with feedback

A

gain without feedback
B = amount of feedback

2. The percentage of feedback can be determined by the following
formula:

Ra
ol s
Mhere |3 | = the percentage of feedback
Ry = ohmic value of resistor Ry
Ro = ohmic value of resistor Rp
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3. The voltaae aain of a cathode follower is as follows:

A = “ Rk or A= ot
rp t R (w+1) o+l
Where A = voltage gain of the cathode follower
# = amplification factor (mu)
Ry = resistance of the cathode

"o AC nlate resistance in ohms

4. The input capacitance of a cathode follower can be determined by the
following formula:

Cin = Cgp * Cqu(l - A)

Where Cj, input capacitacne of the cathode follower

CgD = grid to plate capacitance

Cgk(l - A) = anti-Miller effect
5. The input impedance of a conventional cathode follower is as follows:
iy = Rg

input impedance of the conventional cathode follower

Where Zj,

Rq = grid resistor

6. The output impedance of a cathnde follower can be determined by usina
the following formula:

er' 1
7, = P I, & e
rp + Ry (w+1) am

Where Z, output impedance in ohms
Ry = cathode resistor
rp = AC plate resistance

u = amplification factor (mu)
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7. The input impedance of a cathode follower with arid resistor returned
to cathode circuit is as follows:

-0
10V Rg 1MQ '
CP OUTPUT

INPUT
Rk — Rp
I\ o
26057
R
i AT - q
Zin =
1-A Ry - Rg
Ry
Where 75, = innut impedance of the long-tailed cathode follower
Rq = grid resistor
A = arain of the cathode follower
Rk = total cathode resistance
Rg = ton resistor of the two cathode resistors
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OPERATIONAL AMPLIFIERS WITH FEEDBACK.

Zs
AWV
Zin
INPUT -
.0 OUTPUT
/
INVERTING AMPLIFIER
GAIN FORMULA A = 2Zfb
Zin
fb
MV
Ry \
R, 0 OUTPUT
INPUT o—J\N\f—/
NON-INVERTING AMPLIFIER
GAIN FORMULA A=BP L,
R1
Rep
R
Vy INPUT 1 o A AA——
Ra
V2 INPUT 2 O———AAN— =
3 o
V3 INPUT 3 o AAA—d © OUTPUT
/
SUMMING AMPLIFIER
Vout = (—Rfb —Rfb —Rf
L y BN e BB ..
(R1) (R2) (R3)
26056
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TRANSISTORS

1. The direct current in a transistor can be related by usina the
following formula:

emitter current

1]

Where Ie
I, = base current
I = collector current

2. The current amplification factor for a common base configuration
(alpha) can be determined using the following formula:

Al,
= —_— VC

A1,

Where (alpha)

current amplication factor in a common base
configuration

I = collector current

Ie = emitter current

>
"

a change of
Ve = collector voltage

3. The current amplification factor is a common emitter configuration
can be determined by the following formula:

B = _AIC v
= AL o
Where B (beta) = current amplification factor in a common emitter
configuration
I = collector current

I = base current

A
Ve

a change of

collector voltage
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4. The current amplification factor in a common collector confiqguration
can be determined using the following formula:

Alg
Y= Ziﬂ;' Ve
Where 7y (gamma) = current amplification factor in a commn
collector

Io = emitter current
I, = base current
A = a change of
Yo = collector voltage

5. The percentage of chanoe for a unijunction transistor sweep generator
can be determined using the following formula:

Vp-Vd
% of change = X 100
Vi - VY4
Where Vp = Firina potential
Vq = Valley voltaage
Vi = Voltage that capacitor is charging toward

6. The percentage of change for a thyratron (soft tube) sweep generator
can be determined using the following formula:

E -E .
% of chanqe = Pmax Pin x 100
Eapp = Eppin
7. The percent of discharge for pulse width calculation for
multivibrators can be determined using the following formula:

A ep - Co
% of discharge = : x 100
A ep
Where A ep = E applied - Eppin

Co = Bias necessary for the cutoff.
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B
a Y
CURRENT Al Al A g
AMPLIFICATION a = Ve g = Ve v = Ve
FACTOR Al Ay Ay
INPUT LOwW MODERATE HIGH
IMPEDANCE (30 — 15082 (500 — 150052) (20K — 500K 2
OUTPUT HIGH MODERATE LOW
IMPEDANCE (300K — 500K 2 (30K — 50K ) (50 — 1K )
VOLTAGE GAIN
. HIGH MODERATE—HIGH Low
A, = out (500 — 1500) (300 — 1000) LESS THAN ONE
Vin
CURRENT GAIN
lout Low MODERATE-HIGH LOW
P LESS THAN ONE (25 — 50) LESS THAN ONE
? Iin
POWER GAIN
out MODERATE HIGH LOW—MODERATE
A, = (20 — 30 db) (25 — 40 db) (10 — 20 db)
in
PHASE OUTPUT AND OUTPUT AND OUTPUT AND
RELATIONSHIP INPUT VOLTAGE INPUT VOLTAGE INPUT VOLTAGE
IN PHASE 180° OUT-OF-PHASE IN PHASE
FREQUENCY 50KHz — 1 MHz 5KHz — 50KHz 20KHz — 500KHz
RESPONSE HIGH LOW MODERATE
THERMAL '
STABILITY GOOD POOR FAIR
26073
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Common-base amplifier
Current gain Ay: approximately 1
Voltage again Ay; very high, 100-2500 typical
Power gain Ap: high; 100-2500 typical
Input imnedance Zjp: very Tow; 10 -200 typical
Nutput imnedance Z,h: high; 10 k  typical

Phase shift (input to output); 0°

FORMULAS

Vout

=
‘ﬁ
o
"
L

=
)
T
1]
=
oo
m
>
.
=
N
(S5 ]
=

13
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DEFINITIONS
Input sianal-variations in input voltage or current (AC portion of input).
Nutput sianal-variations in putput voltage or current (AC portion of output).
Reproduction-duplication of input signal by an amplifier.
Amplification-enlargement of input signal by an amplifier.

Voltage (current, power) again-ratio of output signal voltaage (current, power)
to input signal voltage (current, power).

Impedance-ef fective AC resistance.

Input (output) impedance-impedance seen looking into the input (output)
terminals of a circuit.

he-transistor's forward AC current gain between input and output, and
configuration.

hi-transistor's AC input resistance, any confiquration.

0 pnint-quiescent operatina point; DC bias values of amplifier voltages and
currents.

(alpha)-AC current qain between emitter and collector.
hehy-forward AC current gain in common-bhase common-base confiquration; same as
hih-AC input resistance in common-base confiauration.
Zih-total input impedance of Com.-B amplifier,
Zob-tota1 output impedance of Com.-B amplifier.

roh-transistor's AL output resistance in Com-B confiquration. Usually can be
neqlected,

AC load line-load line passing throuah ) noint and with slope determined by

Clippina-distortion of output waveform when transistor is driven out of
active region.
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COMMON-EMITTER AMPLIFIER: SUMMARY

The important characteristics of the Com.-E transistor amplifier are
summarized:

Current again At: 3 , much greater than 1

Voltage gain A, : very high; 100-2500

Power gain Ap: extremely high; 20,000 is typical

Input impedance Zie= moderately hiah; 1 k is typical
Output impedance Z,,: moderately high; 2 k is typical

Phase shift: 180° in mid-frequency range

FORMULAS
Ale c
B = hfe T e— T ——
AIB ig
VBE
hje = Ve = constant
Ig
hije =~ hgehib
L Vee
roe = —_— —— l
hoe C Ig = constant
Ry
VB it VCC when R'E > 20 RTH
Rl + R2 -

Xc << hjp for effective bvpassing
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DEFIMITIONS
B (hee)-AC forward current gain in common-emitter configuration.
h;e-transistor AC input resistance in common-emitter configuration.
Z;e-Com.E amplifier input impedance.
Zoe-Com.-E amplifier output impedance.
roe-transistor's AC output resistance in common-emitter configuration.
hge-transistor's AC output conductance in common-emitter condiguration.

Q point stability-variation of Q point with changes in temperature and with
transistor replacement.

Rase-current hias-method of biasing a common-emitter amplifier with a
constant base current.

Rase-voltage bias-biasing a Com.-E amplifier with a constant hbase-to-ground
voltage.

Emitter hypass capacitor-used in base voltage bias circuit to ground the
emitter for AC.
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OSCILLATORS

1. The frequency of an LC oscillator is determined by the values of L
and C in the frequency determining tank or series resonant circuit.

f, =

Where fo
L
C

2. The output
the followina formula:

f, =

Where fo
R
C

1 = 0.159
2TVLC VIC

frequency of the oscillator output in hertz
inductance in henrys
capacitance in farads

frequency of a phase shift oscillator may be determined by

1 fo = 1
2 T RC V6 2 T RC VIO
(3 section only) (4 section on1§)

3. The output
RC values of the reactive side of the hridge. This is shown by the following

formula:

f, =

Where fo

"

frequency of the oscillator output in hertz
value of the phase shift resistor in ohms
camacitance of the phase shift capacitor in farads

frequency of a Wein bridge oscillator is determined by the

1
2 T VR].E]. R2C2

freauency of the oscillator output in hertz

resistance of the series RC branch in ohms
capacitance of the series branch in farads
resistance of the parallel RC branch in ohms

capacitance of the parallel RC branch in farads
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4. When the value of Ry C is equal to Ry Cy in a Wein Bridge oscillator
the following simplified formu*a may be used.

fo = 1
. ?WF]_C].
Where f, = frequency of the oscillator output.

resistance in ohms of the series RC branch (equal to

Ry
resistance of the parallel RC branch).

Cq = canacitance in farads of the series RC branch (eaqual to
capacitance of the parallel RC branch).
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PULSES

1. The fundamental sine wave component of a pulse can be detemined by
using the following formula:

Ffr = 1
2 PW
Where fg¢. = the fundamental frequency in hertz

PW pulse width in seconds

2. The highest harmonic content in a pulse, square wave or rectanqular
wave can be determined using the following formula:

fh"- 1
2 R
Where fp, = highest harmonic of the fundamental sinewave frequency

rise time of the pulse, square wave or rectanqular wave

R¢
in seconds

3. The relationship between the parameters of a pulse are shown by the
following equations:

Pav - PW

——

Pok PRT

Where P,y = averaqe power in watts

Ppk = peak power in watts
PRT = pulse recurrence time in seconds
PW = pulse width in seconds
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4, The pulse recurring freauency (PRF) can be determined if the pulse
recurring time (PRT) is known, or conversely, the PRT can be determined if
the PRF is known.

PRF = 1
PRT
PRT = 1
PRF
Where PRF = pulse recurring freauency in hertz
PRT = pulse recurring time in seconds

)

5. The duty cycle of a nulse in the ratio of the on time to total time
for one pulse. It can he determined from the following formula:

Duty cycle = PW
PRT
Where PW = pulse width or "on" time in seconds

PRT

pulse recurrina time in seconds
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"METROLOGY

1. The arithmetic mean of a aroup of readings can be determined bv usina
the following formula:

ay = LRe

N
Where a, = arithmetic mean
LRy = the sum of all readings
N = number of readings

2. The standard deviations of a qroup of readinas can be determined hy
usina the following formula:

S = L Xe
N
Where SD = standard deviation
Y = the sum of
X2 = square of the individual deviations from the arithmetic
mean
N = number of readings

3. Small factors of correction or error are often stated in PPM (parts
per million) as well as % (percentage). The mathematical relationshins, as
well as the conversion values, are shown below:

1 or .000001 units.

1 ppm (of one unit)

1 or .01 units.
100

1% (of one unit)

To change percentaage to parts per million:
ppm = % (10,000),
To change parts per million to percentaae:

% = ppm (.0001).
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4, Correction, Correction Factors, and Error
a. DNefinitions;

Nominal: The value specified bv the manufacture; the units value
an item should be.

Actual: The certified value; the value in units an item is.

Correction: The value in units that, when added algebraically to
the nominal, will result in the actual (N + C = A).

Correction Factor: Correction expressed in either percentage or
parts per million.

Error: The difference the Actual is from the Nominal
[E=N-A). (The error will always carry the same numerical
value and opposite polarity of its equivalent correction or
correction factor.)

c = A-N E(%) =M - A x 100
A
CF(%) = C x 102 CFppm = C x 106
W A
Where: A = Actual
N = Nominal
C = Correction (in units)

CF(%)

Correction Factor exnressed in percentage
CFppm = Correction Factor expressed in parts per million

E(%)

]

Error in percentage
b. Remember these simple rules:
(1) N+C=A

(2) Correction and error are always eaual in magnitude, but
opposite in sian.

(3) Correction factors must he converted to the same units as
the nominal before they can be added.

5. ep =M -T

7
Where: e, = relative error
M = measured value
T = True value
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ep(%) = M-T x 100

Where:

T

= percent relative error

true value

measured value

a. The true value is usually replaced by the accepted or nominal value

CLASSIFICATION OF MEASUREMEMT ERRORS

" Lack of -

i Precision
—————

because the true value is never exactly known.

)

; Mistakes

Random Errors

4——4 Dracts
— )

—

Radiation

-

e Dire )

—

Noise

Readability

| —

(Resolution)
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TRANSFER RESISTANCE STANDARDS

Formulas for using the SR1010 resistance hoxes as transfer standards:
Rg IOR( 1+ Aave)
106

D R (1 + Aave)
10 106
Rsp= R (1 + Asg)

P
n

106
Aave = total deviation
number of units
Ad = Rgp - Ryp
Asp = Nave+ Ad
10
Rg = series resistance of 10 nominally equal resistances
RD = parallel resistance of 10 nominally equal resistances
RSp = series-parallel resistances of 9 nominally equal resistances

Rin = resistance of the 10th resistor
R = the nominal value of one resistor

Aave = the average deviation from nominal of 10 nominallv equal
resistors in either series or parallel (expressed in ppm)

Ad = the difference between Rgy and Ryg (expressed in ppm)

Asp = the deviation from nominal of 9 nominally equal resistors in
series-parallel (in ppm)
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Temperature
Rt
Rt
R25

Ct
Ct

c25

Correction for Thomas 1-ohm Std:

R25 [1 + o (t - 25) +.3(t - 25)2]

true resistance at ambient temperature

absolute resistance at 25°C

= alpha (always positive) in units

beta (always negative) in units

= ambient temperature (in degrees centigrade)

C25 +a(t - 25) + B (t - 25)2

correction factor in ppm for true resistance

correction factor in ppm at 25°C

n

alpha (+) in ppm
= beta (-) in ppm

= ambient temperature in degrees centigrade
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OSCILLOSCOPES

1. The rise time of an oscilloscope can be determined if the rise time
_of the oscilloscone and the rise time of the preamplifier are known. This is
shown by the formula:

Rt¢s = \IRtraz + Rtna2

Where Rtq

combined rise time of the oscilloscope vertical
amplifiers and preamplifier plug-in

Rtra = rise time of the vertical amplifier of the oscilloscope
Rtpa = rise time of the preamplifier plug-in

NOTE: The values of Ripy and Ryp, are indicated on their respective
panels.

2. In most applications the measured rise is considered to be the true
rise time. However, as the measured rise time beains to approximate the rise
time of the oscilloscope (Rts) the following formula is used.

Ptt = \[P‘tm2 - Rs?
Where Ryt = true rise time
Rtm = measured rise time
Rts = combfhed rise time of the oscilloscope-preamplifier

combination

NOTE: It is recommended that this formula be used in this course when
the measured rise time is 0.1 micro seconds or less.
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3. The upper 3dB 1imit of freauency response of an oscilloscope or
amplifier can be determined by usina the following formula:

UFR = .35
L
Where UFR = upper end frequency response (3dB limit) in hertz
Rt = rise time in seconds
.35 = a constant value arrived at as a result of empirical

discovery

4. The phase angle between two signals of the same frequency, can be
determined by measuring the amplitude of the Lissajou pattern at two points
on the Y axis and applying the following formula:

Y1
Sine§ = —__
Y2

Where Sing @ phase angle between the two signals

Y1 = Y axis intercept 1, taken at the very center of the
pattern in centimeters
Yo = Y axis intercept 2, which represents the maximum

amplitude of the pattern in centimeters

NOTE: Readings made by this method are ambiquous, that is, there are two
possible answers for each pattern. The problem can be resolved if the
freauencies compared, are Tow enough so that the direction of rotation of the
pattern can be observed.

5. The percentage of amplitude modulation can be determined a number of
ways by using an oscilloscope. These methods compare the maximum voltage

amplitudes with the minimum voltage amplitudes. The following formula can be
used to determine the percentage of amplitude modulation.
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% of M = H - Hp
——— x 100
Hy * Hp

Where % of AM percentage of amplitude modulation

Hy largest dimension in centimeters

Ho smallest dimension in centimeters

DISTORTION

The total distortion of a sine wave caused by a number of harmonics can
be determined by the followina formula:

™ - @2+H32+H42+....

total distortion in percentage

=
=
D
-
(1]
—
o
1]

Ho = percentage of distortion caused by the second hamonic
H3 = percentage of distortion caused by the third hamonic
Hy = percentage of distortion caused by the fourth hamonic

PHASE ANGLE READINGS

1. The phase angle between two signals of the same frequency can be
determined using the Phase Unit plug-in of the electronic counter. If the
input signal frequency is not 400 Hz * 4 Hz, the following formula is used to
determine the phase anqgle.

Pmeas
B = o X 360
Ptot
Where 8 = phase angle in deqgrees
Pmeas = time interval measured between the same point on two
signals being compared
Ptot = total time reauired for a period of either signal (hoth
are the same)
360 = a factor to convert the time ratir to degrees
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MICROWAVE

1. Wavelength is the distance along the direction of propagation between
two points which are in phase, on adjacent waves. It is symbolized by the
Greek letter lambda ( N\ ). It can be determined by the following formulas.

\ (meters) = 300 x 106 (meters/seconds)
f (hertz)

A (cms) = 300 x 108 (cm/second)
f (hertz)

A\ (cms) = 30 (cm/seconds)

f (gigahertz)

A (feet) = 982.08 x 106 (feet/seconds)
f Thertz)

\ (miles = 186,000 (miles/seconds)
f (hertz)

Where )\ = wavelength in meters, centimeters, feet or miles

f frequency in hertz

2. The velocity constant (K) is the ratio of the velocity of
propagation, along the two wire or coaxial line, to velocity in free space,
which is the same as the velocity of light.

V:
a
K = = A9
Vo Ao
Where K = velocity constant
Vq = velocity of propaaation in meters per second

g
Vo = velocity of light in meters per second

Ao = wavelenath in free space

Ag = wavelength on a transmission line
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3. The wavelength on a two-wire transmission line or coaxial line can be
determined if the velocity constant is indicated and the frequency is known.

KVo
A = —
f
Where )\a = wavelength in meters in a transmission line
Vo = velocity of light in meters
f = frequency of operation in hertz
K = velocity constant of the transmission line

4. The characteristic impedance in ohms of a lossless transmission line
can be determined by using the following formula:

Zo = JT
C

Where Z, = characteristic impedance of a lossless 1ine in ohms

L

inductance per unit length in henrys

C capacitance per unit length in farads

5. The characteristic impedance of a coaxial transmission line may be
found using the followina formula:

"6:
Where 7, = characteristic impedance in ohms
D = inside diameter of the outer conductor
d = outside diameter of the inner conductor
e = dielectric constant
loa = 1logarithm of the base 10
138 = a constant for coaxial lines

6. The characteristic impedance in ohms of a two-wire transmission line
may be found by using the following formula:

El d
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Where Z, = characteristic impedance in ohms

D = center to center spacing between conductors
d = diameter of the conducfors
log = Tlogarithm of the base 10
276 = a constant for a two-wire line
€’ = dielectric constant

7. The voltage maximums and minimums of standina waves, as well as E;
and E,., can be determined by the following formulas.

Emax = Ej + Ep

Emin = Ej - Ep
. Emax + Emin
_i =
2
Emax - Fmin
Er =
?
Where Epay = maximum voltge points (Toops)

Emin = minimum voltage point (node)
E; = idincident voltage
E. = reflected voltage
8. The standing wave ratio can be determined by the following formula:
Emax Imax Zmax Ej * Ey Pmax VP; +VPy.

SWR= = = - P — =
Emin Imin Imin Ej - Ep Pmin  VPi -VPpn
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there SWR

Emax

Emin
Imax
Inin
Zmax

Znin

standing wave ratio

maximum voltage (Toop)

minimum voltage (node)

maximum current (loop)

minimum current (node)

maximum impedance point on a line

minimum impedance point on a line

incident voltage

reflected voltage

maximum power

minimum power

incident power

reflected power

9. The voltage standing wave ratio of small discontinuities may be found
by sliding 1oad method and using the following formula:

VSHR_ or VSWRp =  4/(VSWRpax) (VSWRpip)

or

Where VSWR

VSWRD

VSWRpax =

VSHRpip

JW

VSWRmin

voltaae standing wave ratio of the moving load
voltage standing wave ratio of the discontinuity

VSWR when the reflections add in phase

VSWR when the reflections are out of phase

NOTE: If the reflection of the moving 1oad is unknown the measurement
must be repeated with another 1load.
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10. A VSWR greater than 10:1 can be measured by the double minimum method
and its value determined by the following formula:

VSWR = Ag
w(dy - dy)
Where VSWR = voltage standing wave ratio

g
dp = first 3 dB point

wavelenath on the transmission line or waveguide

dp = second 3 dB-point
T = 3.14

11. The VSWR of a purely resistive load can be determined in terms nf the
line characteristic impedance (Z,) and load resistance.

Where R s greater than 7,, VSWR = RL
Zs

Where Z, is areater than RLs VSWR = Z,
RL

Where VSWR voltage standing wave ratio

L, = characteristic impedance

RL Load resistance
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12. The reflection coefficient maanitude is the ratio of the voltage of
the reflected wave to the voltage of the incident wave. It is symbolized by
the Greek lower case letter rho ( ) or by the absolute value of gamma. The
followina formulas can be used to determine the reflection coefficient
magnitude.

E. I i P

S A

i

reflection coefficient maanitude = P

=
>
™
S
™
m 3
oo

r = reflected voltage
E; = incident voltage
I, = reflected current
Pr = reflected power
P; = incident power
13. The reflection coefficient maanitude can be determined in terms of
the Tine characteristic impedance and load resistance (for purely resistive
loads) .
7 -R
P= = 9 'L
T} = %

L * Zo

Where R s greater than Z,

R -7
LR
L 0
Where |]*| = reflection coefficient magnitude
Ly = characteristic impedance of the Tine
R = Toad resistance

14. The VSWR can be determined if the reflection coefficient magnitude is
known, and conversely, the reflection coefficient magnitude can be determined
if the VSWR is known. This is shown in the following formula.
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1+ |I'] _1+P
VSWR = =
T[T i1
p= =VSHR-1
|11| VSWR + 1
Where VSWR = voltage standing wave ratio
P= |I’| = reflection coefficient magnitude

15. The percentage of reflected power (%Pr) can he determined by usina
the following formulas.

2 £ 2
wpr= 100 JIET = |p|* (100) = 100 o
Where %Pr = percentage of reflected nower
VSYR = voltage standing wave ratio
'I‘, = reflection cnefficient magnitude = O
Ep = reflected voltage

Ej = incident voltage

16. A helpful equation of ratio and proportion can he used to detemine
total power from a source, the power dissipated in the microwave line, or the
percentaae of the power dissipated.

P.
100% = .Pl
%Pd a
Where P; = total power of the soure in watts
P, = measured or computed power of the Toad
%Pd = percentage of total power dissipated.
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17. To determine the actual value of impedance from the nomalized value
the following formula is used:

Ip = Z, tand

Where Zp = actual impedance value at a given point in ohms

Z, = characteristic impedance

tan 0

tangent of the phase angle which is the normalized value of
impedance

NOTE: This formula can only be used where the load is an open, short or
pure reactance.

18. To determine 70 in ohms of a quarter wave matching transformer the
following formula is used:

V Zin Zout

Where Z, = characteristic impedance of a quarter wave matching
transformer

Zo

Zin characteristic imoedance of the input transmission line

Zout = characteristic impedance of the output transmission line
19. To determine the effective efficiency of a working bolometer mount
the following equation is used.

ne(Std) ) P
ne (617 =P

std
ti

Where: pe(std)

known efficiency of the standard bolometer

nelti) = computed efficiency of the test bolometer
(test instrument)
Pstq = absorbed power of the standard

Pti = absorbed power of the test instrument (bolometer)
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20. To determine the calibration factor of a bolometer mount, the
following formula is used.

Kb = me (1 -Ime)
Where Kb = calibration factor of a bolometer mount
|I‘m| = reflection coefficient maanitude of the bolometer

mount

21. The cutoff wavelength of a rectangular wavequide in its dominant mode
may be determined by using the following formula.

Nco = 2a
Where )\ co

cutoff wavelenath for a rectangular waveguide in
centimeters

=1}
1]

width of the inner wide dimension in centimeters

22. The cutoff (f.,) of a rectanqular waveguide may be determined if the
cutoff wavelength is known by using the following formula.

v
0

fCO )\CO

=
=
1)
=]
(1]
ﬁ
(2]
o
]

cutoff frequency of the rectangular waveguide in hertz

-
o
|

= velocity of light in centimeters per second

1]

cutoff wavelength in centimeters

Aco

23. Free space wavelength ( 0) can be computed if the cutoff wavelenath
of the wavequide and wavelength on the wavequide is known, by usina the
following formulas.

No = )\co [cos ('can'1 -Af%»)]
0= Ag

Ag |2
1{;7+ ( TKEB_ )
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Where Ao = free space wavelength in centimeters
xrco = cutoff wavelength of the waveguide in centimeters
Ag = wavelength in centimeters (usually measured)

24. Waveguide wavelength can be computed if the free space, and cutoff
wavelength are known. The following formulas can be used to compute
waveguide wavelength.

A co
\g =
tan (cos™! Ao )
P
0
g = —2
No 2
Vi - D)
Where Ag = waveguide wavelength
ro = free space wavelength
Aco = cutoff wavelength

25. The phase velocity of a waveguide can be determined by using the
following formula.

Yoy = '
‘Ei' ( ikg )?
Where Vpp = phase velocity on a waveguide in meters per second
Vo, = velocity of light in meters per second
Ao = free space wavelength in meters
Aco = cutoff wavelength in meters
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26. The aroup velocity on a wavequide can he detemined by using the
following formula.

2
Vg = Vo 1- A o = Yo
X 9 ?
1+ (A9
A\CO
Where Va = qroup velocity in meters pner second

Ao = free space wavelenath in meters
Aco = cutoff wavelength of the wavequide in meters
Aq = quide wavelength

Vo = velocity of nropagation in free snace

27. The velocity of light can be expressed as a function of qroup and
nhase velocities as indicated below.

Vo = \’Vg X Vph
Where Vo = velocity of 1ight in meters per second
Va = group velocityv in meters per second
]
Vph = nhase velocity in meters per second

28. The qgain or attenuation of a device mav be expressed in decihels
usina the followina formula.

L
dR = 10 1oqln N
s
Where dB = qain in decibels
PL = the larger of the two oower levels

P¢ = the smaller of the two power levels

10010 = Togarithms of the base 10

MOTE: If there was a gain in the device, PL would represent the

output. If there was an attenvation in the device, P| would represent the
input.
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29. The attenuation in a "wavequide below cutoff" attemuator (circular
TE1q mode) is as follows:

o - 54.6 Jl _( Aco 2

XCO A

Where « = attenuation per unit lenath in dBs
co = cutoff wavelength
A\ = free space wavelenath

or if N\ 1is much greater than )\ co

_54.6
"IN
Where « = attenuation per unit length in dBs

A co = cutoff wavelenath (3.42 times the aquide radius)

30. The coupling factor of a directional coupler can be computed if the
input power to the main arm and the output power of the auxiliary arm are
known .

P

10 Tog i

Po

CFap =

Where CFdR = couplinag factor in dR

o
]

i = power anplied to the inmput of the main arm

o
=2
|

= power output at the auxiliary arm

Togarithm of the hase 10

—

o

o
]

31. The attenuation of a rotary vane attenuator is a function of the
anaular position of the resistive card. This is shown hy the following
formula.

d8 = 40 1ogﬁ
Where dB = attenuation in decibels
cos® = cosine of the anaular position of the resistive cards
loa = Togarithm of the hase 10
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32. The ratio between the standing wave maximum and standing wave minimum
may be used to express VSWR.

E
VSWR,, = 20 log F"‘a—x = 20 1og VSWR

dB min

Where  VSWR4p = ratio of the standina wave maximum to standing wave

minimum in decibels

Emax = Maximum voltage
Emin = minimum voltage
VSWR

Tog

voltage standing wave ratio

logarithm of the base 10
33. The mismatch loss in decibels can be determined by using the
following formula.

1 1
L =10 10g —————, = 10 Tog +——=2
i (1-|T]? L-p

Where  Lym = mismatch loss in decibels
T
log

absolute value of the reflection coefficient =P

logarithm of the base 10

34, The return loss in decibels may be determined by using the following
formula

LR = 10 Tog .1 = 20 Tog EL = 20 Tog <L = 10 Toq L,
dB q p: 9t q ) 7
Where LRdB = return loss in decibels
log = l1ogarithm of the base 10 -
Pj = incident power in watts

P, = reflected power in watts

35. The uncertainty in decibels due to a mismatch between the source and
load can be determined by the following formula.

1

dB = 10 log T T

)2
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Where dB = uncertainty in decibels due to mismatch
| T3]
72|

reflection coefficient magnitude at the generator end.

reflection coefficient magnitude at the load end.

36. The frequency applied to the wavequide can he calculated once the
free space wavelength has been found using the following formula.

Where f = freauency in hertz applied to the wavequide
Vo = velocity of 1liaht in meters
Ao = free space wavelenqgth in meters

37. The time delay caused by one section of an artificial transmission
line, or the total delay caused by a number of sections, can be determined by
usinat the followina formulas.

Tq = VIC
Tdt=N\flf
Where T4 = time delay in seconds
Tqt = time delay total in seconds
L = inductance in henrys per section
C = capacitance in farads per section

M = number of sections

38. The followina formulas are used for determining an unknown frequency
anplied to the transfer oscillator. The two adjacent harmonics are
designated F; and Fp. The highest of the two is Fy.

f = HiFq, f = HoF»p
Fy F
W T
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Where f = input frequency in hertz

Hy = harmonic number Fy

Hp = harmonic number of Fp

F1 = the highest of the two adjacent beat freauencies in hertz
Fo = the lower of the two adjacent beat frequencies in hertz

39. The width of the main lohe of a pulse modulated RF spectrum as viewed
on the spectrum analyzer may be computed using the following formula,

_ 2
MLW = ]
Where MLW = main Tobe width in hertz
PW = pulse width in seconds, of the modulatina signal

40, The general express1on for nowef,transfer between a source and a load
of reflection coefficients l g’ and l Lf is:

(1-] &% a-|0IH
(14 |'I’q| | L )2
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MICROWAVE NOISE EQUATIONS

1. The value of the "average noise voltage squared" may he determined

usina the followina formula.

2 = & TRB
n
Where _? - average noise voltage squared
n
K = Boltzman's constant whigh relates temperature to energy.
is equal to 1.38 x 10-2 joules per deqgree Kelvin

T = temperature of the network at toom temperature

R = resistance in ohms

B = frequency bandwidth in hertz

2. The available noise power may be determined by the use of the
following formulas.

P, = KTB

Where P, = noise power in watts

Ehz = the absolute value of the average voltage
R = resistance in ohms
K = Boltzman's constant which relates temperature to energy.
is equal to 1.38 x 10-23 joules per degree Kelvin
T = temperature of the network at room temperature
B = frequency bandwidth in hertz
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3. The noise outnut of a system, without the noise source turned on, can
he determined by usina the followina formula.

=
]

o =K TgR Gg

i
=
)
3
™
=
"

o = noise outout in watts of the system under test, without the
noise source turned on

K = Roltzman's constant whi%h relates temperature to enerav. It
is equal to 1.38 x 10-23 ioules per dearee Kelvin,

T, = standard temperature of 290° Kelvin

B = frequency bandwidth in hertz

el
1]

¢ = power dain in watts of the system under test

4, The noise fiqure rting of a device may be expressed as a ratio of
- signal to noise. This value may he determined by using the following
formulas.

F =Ty
K 0
o S/,
VLN
N
_ 0
FErT R0

Where F

the nonise fiqure rating of a device expressed as a ratio of
signal to noise

N = noise output in watts of the system under test without the
noise source turned on

T, = standard temperature of 290° Kelvin

R = frequency bandwidth in hertz

S; = signal at the input of the system under test
So = sianal at the output of the system under test
N;j = noise input in watts to system under test

K = Roltzman's constant which relates temperature to energv. It
is equal to 1.38 x 10°23 joules per dearee Kelvin.

Gg = power gain of the system under test
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5. The noise
can bhe determined

Where FdB

—
2
1}

—
N
n

=
o]
n

fiqure rating of a device may be expressed in dBs.
by usina the followina formula.

T -To N >
FdB =10 loa (_—To_—)- 10 1oq(-N—0--

= noise fiqure ratino in dBs

logarithm to the base 10

= standard temperature of 290° Kelvin

This

the equivalent noise temperature or the ambient temperature

for the measurement system

= noise output with the source agenerator turned on

noise outout with source generator tiurned off

f. To detemine the noise power of a noise source, the followina formula

is used,
Where Ppe =
K=
T2 =
To =
R =

Prhg = K (To - T5) B

noise power of the noise source

Roltzman's constant which relates temperature to energy

the equivalent noise temperature or the amhient temperature

for the measurement system

= standard temperature of 290° Kelvin

frequency handwidth in hertz

7. The amount of noise power contributed bv a receiver to the measured

total noise power

Where Nr =

output is aiven hv Nr,
Nr = (f-1) (K Ty B GS)

noise power contributed bv the receiver
receiver noise figure’

Boltzman's constant, 1.38 x 10-23 joule/K®
reference temperature, 290°%K

receiver bandwidth

power qaiﬁ of receiver
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‘MICROWAVE SIGNAL FLOWGRAPH ANALYSIS

1. The followina definitions are directly related to microwave network
analysis and are included here to hetter relate the rules, diaarams and
formulas.

A. Signal Flowaranh. A direct picture of signal flow, in which the
variahles are represented by points and are interrelated hy directed lines,
Figure 1 shows an examnle of a signal flowaraph. The arrows indicate the
direction of signal flow.

Fiqure 1. Sianal Flowgranh

B. Branch. The direction of signal flow and those operations
performed on the sianal. 1In fiqure 1, "c" is a branch entering "Eo" and "d"
is a branch entering "E;." )

C. Node. A node is a point representing an equation variahle. In
fiaure 1, "E;™ 1s a node and devends on "E," and "a." (E., x a = Eq). "E,"

- 1 0 0 1 2
and "E3” are also nodes.

D. Source Mode. A node with no input branch. In fiaure 1, "E," is
the source node.
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E. Sink Node. A node with no output branch. In figure 1, "E3" is
the sink node.

F. Intermediate Mode. A node with input and output branches. In
figure 1, "E1" and "Ep" are intermediate nodes.

G. Open Path. A path along which a node is encountered only once.
In figure 1, "a" to "b" is an open path. "a" to "c" to "f" is also an open
path but not "a" to "c" to "d" since "E;" would be encountered twice.

H. Forward Path. A path between source and sink node, directed
toward the sink node. In figure 1, there are five forward paths.

Path #1: "a" to "b" to "E3"
Path #2: "a" to "c" to "f" to "E3"
Path #3: "a" to "c" to "d" to "b" to "E3"
Path #4: "a" to "c" to "e" to "f" to "E3"
Path #5: "a" to "c" to "e" to "d" to "b" to "E3"
I. Feedback loop. A path which returns to the starting node while

encountering no node twice. In figure 1 "e" and "cd" are both feedback
Toops.

J. Self-loop. A feedback loop consisting of only one branch. In
fiqure 1, "e™ is a self-loop.

K. Branch gain or loss. A linear quantity relatina one node to
another. In figure I, "a" relates "E;" to "E,."

L. Loop gain. The product of the branch gains in the closed loops.
In fiaure 1, the product "cd" represents a loop gain.

HO G3ABR32430 N02-1
136



2. The following mathematical rules are illustrated and related to
flowgraph analysis.

A. Multiplication: The product of all forward branches. In
figure 2, the dependent variable "E;" is the product of E, x a.

Eo @ > ®E,

Figure 2. "E;" is the product of (Ey)(a)

In figure 3, the variable "E;" is the product of (Ej)(I' ), or Ey =
(Eo)( T').

E, @ »

YL

Fiqure 3. Multiplication and dependent variable

B. Division: Multiplication of a reciprocal quantity accamplishes
division. In figure 4, the dependent variable "E;" is the product of the

independent variable "E," and %- (note: %-= G), E; = EqG.

E]. = E0G

Eo@— —> @E
1_
—R— G

Figure 4. Dependent variable E;
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C. Addition: The sum of all the forward paths. In figqure 5, the
dependent variabTe E3 is the sum of the two forward paths (E3 = Eq, + Epp).

£,

E,

Figqure 5. The sum of two forward paths

Fiqure 6 shows another way of representing addition
[E; = Eoga * Eob = Eo (atb)].

Fiaqure 6. Alternate method of addition

D. Subtraction. A minus sian is used to denote the difference of

the forward paths. In fiaure 7, the dependent variable E3 is the difference
between the forward vaths (E3 = Ela - Eop).

€,

) 26062

Fiqure 7. The difference between forward paths
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E. Distributed Sianals. In fiaure 8, the indenendent variahle Epy is
distributed Through three other branches. The dependent variahle Fq is the
product of "Eja." The dependent variahle Ep = Eib = hEga. The dependent
variable E5 = CEy = CEpa.

Fiqure 8. Distribution of the independent variable E,

F. Self-loop Gain. In fiaqure 9A, "C" is a self-Toop. The signal in
the self-1oon follows an infinite gemetric proaression with a common ratio of
less than one. (This will be true for our microwave applications.) A
ageometric progression is a sequence of numbers in which each term, after the
first, can be obtained from the precedina bv multiplying it by a fixed number
called the common ratio. Example: The sequence of numbers, 0.1, 0.01,
Nn.001, form a geometric proaression with the common ratio of 0.1. The
self-loop of fiqure 9A can therefore be expanded as shown in fiqure 9B,

Fiaqure 9A. Self-loon (C()
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1

Fiaure 9. Expnanded self-loop (C)

G. Rule for Self-loon Elimination. To reduce the flowgraph to
simpler terms, self-loops are eliminated from the flowgraph and treated
mathematically as a node. See fiqures 9C and 9D.

"To eliminate a self-l1oop, divide all branches entering the node
containing the self-1oon bv the value of 1 minus the value of the self-loop."

E, 1 Ey 1 E3
@ - s ek

s L

26061

Fiqure 9C. Flowgranh containing a self-loop

=== = .
1 1
Ex= 1l L E3= E, (1-rg M)

Fiqure 9N. Flowagraph with self-loop eliminated

3. The "non-touching Toop" rule is described in the followina
exnlanations and formulas.
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When networks are cascaded, it is only necessary to cascade the
flowaraohs, since the outaoina wave from one network is the incoming wave to
the next. This is demonstrated in fiqure 10 where a network is placed
between a generator and a load. The svstem now has only one independent
variable, the generator amplitude E. The flowaraph contains paths and
loops. A "path" is a series of directed lines followed in sequence and in
the same direction in such a wavy that no node is touched more than once. The
value of the path is the product of all coefficients encountered en route,
There is one path from E to bp. It has a value Sji.
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a, Sz b
€ o—e R > > >
’-’1
Ty Sy S22 11
bl S|2 °z = ‘

Fiaqure 10. Cascadina of a network hetween load and generator

There are two paths from F to by, namely Syj and Sp; L Spp. A first
order "Toop" is a series of directegl lines com1 na to a closure when followed
in seauence and in the same direction with no node passed more than once.

The value of the 1oop is the nroduct of all coefficients encountered en
route. A second-order looo is the product of any two first-order loops which
do not touch at any point. A third-order loop is the product of any three
first-order loons, namely, I'q Syq1, Sp» I'L, and T'a Spq T'L Syp and there is
one second-order loop T'a Sy Spo T'L.

The solution of a flowaranh is accomplished by application of the
non-touchina 1oop rule, which written symbolicallyv is

P,1- ZLINW sL2- L@ e -om)
P, (- -TL(@) e ZL(2)R)---)
LN

L »-’Tunozuz)-:us)«----

Here LI (1) denotes the sum of all first-order 1oons. YL (2) denotes the
sum of all second-order loops, and so on. es etc, are the values of
all the various naths which can he followed ¥rom Fh 1ndenendent-var1ab1e
node to the node whose value is desired. XL (1)'1) denotes the sum of all
first-order loops which do not touch path P1 at anv point, and so on.
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In other words, each path is multiplied by the factor in brackets which
involves all the loops of all orders which that nmath does not touch. T is a
general svmbol representimg the ratio between the dependent variable or
interest and the independent variable. This process is repeated for each
independent variable of the system, and the results are summed.

As examples of the application of the rule, the transmission (bp/E) and the
reflection coefficient (hl/al) are written as follows:

R TR A e
E T-TgSu- Szafc - TgSaifiSiz +1gSuSz2fL

by, Snli-Szali )¢ S21TL Si2
9 - S22l

Note that the aenerator flowgraph is unnecessarv when solving for bl/al
and the 1oops associated with it are deleted when writing this solution. It
is worth mentioning at this point that second and higher-order loops can
quite often be nealected while writing down the solution, if one has orders
of magnitude for the various coefficient in minds.

4. Various flowaraph diagrams are shown in figures 11 through 17.
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b1‘— s 82
HGURE M. TWOPORT NETWORK FIGURE 15. LOSSLESS-LINE LENGTH
a
I b=1T a
L L a1+ b2
b
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L
FIGURE 12. LOAD A — I Sy " S;p = T — b,
b1C— s12 = 321 = KT *— a,
b
b = E + Iga
FIGURE 16. SHUNT ADMITTANCE
a
C:: |-----b
- a
FIGURE 13, GENERATOR 331 -r by
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M
r b = Fd a 8' {=-T 82
d M=k a b
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FIGURE 14. VIDEO DETECTOR FIGURE 17. SERIES IMPEDANCE
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RADTAC

1. The present intensity of radiation can be determined by usina the
following formula.

Where I = present intensity in milliroentaen per hour at one meter
I, = oriainal intensity in me/r at one meter

df

decay factor

2. The distance that the test instrument must he placed from the source,
in order to achieve a desired intensity, can be determined by usina the
following formulas.

I
d = 39.37 1
?
TREN 1
d = 1
i

?

Where d = distance in inches from the source

I1 = present intensity of the source in milliroentgens oer hour,
at one meter
I, = desired intensity in milliroentgens per hour
39.37 = a factor to convert meters into inches
1550 = the square of 39.37
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3. The intensitv at a stated distance can he detemined by usina the
following formula.

_ 1550 N

d d?

I

Where I4 = intensity at a aqiven distance in milliroentaens per hour

I1 = present intensity of the source in milliroentaens per hour
at one meter
d = predetermined distance in inches
1550 = the sauare of 39.37 (inches in a meter)

NOTE: To physically relate the currie to the roentaen, a rule of thumb
has heen developed. A source of 1 currie will produce a radiation intensity
of about 1 roentagen at a distance of 3 feet. This rule of thurb is often
referred to as the 3 foot rule.
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"‘PHYSICAL MEASUREMENT

1. Acceleration is the change of velocity ner unit time. This
relationship is shown by the following formula.

V, = V
¥ = 2 1
—
Where a = acceleration
Vi = initial velocity
Vo = velocity after acceleration
T = time in seconds

2. DNensity is the mass oer unit volume of a given substance. Density
can be determined by one of the followina formulas.

M

p=v
Where P = mass density
V = volume
M = mass

3. Force is the total push or pull, The basic relationship bhetween
force, mass and acceleration is shown in the followina formula.

F =ma
Where F = force
m = mass
a = acceleration
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4. True weight is its apparent weiaht, plus or minus its net buoyant
force, when compared to a standard,

Where W4

ao

K. Pressure
acted upon. The

Where p

W = + i - _Q
ut wa t Pair (Vx vs) (qo)

true weight

apparent weight
density of air

volume of test weight
volume of standard
local gravity
standard gravity

is the amount of force on each unit area of the surface
followina formula may be used to express this relationshin.

p=F
A
pressure
force
area
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6. The pressure of a 1iquid may be determined by the following formulas.

P =nhD
Where P = pressure of the 1iquid
h = height
N = density

7. Weight is the pull of gravity on a body. The relationshin of weight,
mass, and gravity is shown in the following formula.

W=mg
Where W = weight
m = mass
g = acceleration of gravity

8. The total force due to 1iquid pressure may be determined by the
following formula.

F=PA
F = Ah Dy,
F = Ah D,

Where F = total force due to liauid pressure
A = area over which the force acts
h = height
Dm = mass density
P = pressure

D, = weight density
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9. The specific gravity of a solid or liquid substance is the ratio of
the weight of a certain volume of that suhstance, to the weight of an equal
volume of water at 4°C. This is shown by the followina formulas.

Dx
SG:T)—
W
g = _weiaht of the substance in air "a SOLINS MORE

buovant force of disolaced water wa - Hn DEMSE THAN WATER

_ buoyant force of 1iquid My~ N

X
huoyant force of water W=V Liouids

Hhere  SG = specific agravity

)

x = density of the substance

)

w = density of water

NOTE: The buoyant force of water is equal to the weight of object in air
minus the weight of obiect in water.

10. The relationship between volume and pressure as indicated by Boyle's
Law are shown below. Remember that the law assumes the temperature to be
constant.

i P
VE-= p;‘ or v1P1 = V2P2

Where Vq; = original volume
Vo = new volume
Py = original pressure
Po = new pressure
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11. The relationship between temnerature and volume as indicated by
Charles' Law is shown below. Remember the law assumes that the pressure
remains constant. ‘

<
N

v
o s

1

N |
—1' -
N |
g

™)

Where Vi = original volume
Vo = new volume
Tl = original ahsolute temperature
To = new ahsolute temperature

12. The temnerature, volume, and pressure relationship of a gas is shown
by the ceneral gas law formula shown below. Mote this formula is only valid
when absolute units of temperature and pressure ar= used.

P,V P,V

T Ty
Where Py = original pressure in PSIA
P> = new- pressure in PSIA
Vl = original volume
Vo = new volume
Ty = original temperature in degrees Kelvin or Rankin
To = new temperature in dearees Kelvin or Rankin

13. The absolute nressure is the sum of the gage pressure and atmospheric
pressure as indicated below.

Pah = pG + Pat

Where Pab = absolute pressure
Pg = pressure indicated on the gaae
Pat = atmospheric pressure
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14, The local gravity can be calculated using the following formula.

aqp = 980.632 - 2.586 cos 20 + .003 cos 40 - .0NN0943a
Where q; = local gravity
0 = latitude in dearees
a = elevation in feet above sea level

15. The head pressure correction due to differences in height between the
test gaae and the pressure tester can be determined by using the following
formula.

P'q =Py 2 Py (P, = hD)

Where Pq = actual gaqe pressure

Pt = tester pressure

Ph = difference in pressure between the gage and the
reference Tine on the pressure tester.

h = difference in height between gage and tester
D = density of test.1inuid

16. To calculate true pressure from a nressure tester reading, the
followina formula can be used.

q
‘1 Pa )
M — 1 -
( gs) < PRy

Pt T T F B PITT & AT)
Where Py = true pressure
M = actual mass of weights used, in pounds, as taken from
the certification or calibration report plus the
piston weight
q{ = local gqravity

9 = standard gravity, 980.655 cm/sec?
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Pa = (Rhoa) = nominal air density, 0.0012 qm/cm3
PB, = (Rhogy) = nominal brass density, 8.4 am/ cm3
A, = area of piston at zero pressure from cal revoort
b = deformation coefficient from cal reoort
P = nominal test pressure

o = coefficient of linear exnansion from cal renort

AT

change in temperature in dearees Celsius from 25°C

17. To determmine the unknown candle power of a 1ight source usim the
photometer method the following formula is used.

2
bty
T a2
S dS
Where Iy = candle power of the unknown
Iy = candle power of the standard
dy = distance of the unknown light source fram the screen

Q.
1}

distance of the standard 1iaht source from the screen

18. The illumination may he determined by the following formula.

- F
E=%

Where E = illumination
F = luminous flux
A = area
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19, The illumination in foot candles can be detemined by the following
formula.

E:_I?_
d.
Where E = i1Tumination in foot candles
I = candlepower of source
d = distance from the source

20, The followina equation shows the relationship between 11lumination
and distance.

El_d_?z
Fo d12
Where Ey = illumination at dy
E2 = illumination at dp
d) = distance from E;
dp = distance from E,

?1. The magnification factor can be expressed as the ratio of the size of
an image to the size of the ohject, or the ratio of the image distance to the
ohject distance.

qa

n

_,
-
m
[}
o —
n
ol j=
o) -

Where MF

maanification factor

—
[}

image size

D; or q = image distance

Dy or p = object distance
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22. The relationship between the distance of the ohject and the focal
length for any spherical mirror is shown in the following eawtion,

1 1 1
= +
f
% Dy
. —_ 11 1
This equation is often shown as: —— = — +
Where f = focal length
Ny Or p = object distance
D; or a = image distance

23. The index of refraction is the ratio of velocity of 1ight in a vacuum
to the velocity of light in the media as indicated below:

v

o LV
Vim
m
Where n = index of refraction
Ly = velocity of 1ight in a vacuum
Lim = velocity of 1ight in the media

24. The index of refraction as stated by Snell's Law is shown below:

e n1 sine 81

M= sine 8

index of refractions of the first medium

n

Where

incident angle
index of refraction of the second media

o —_ 0O =
]

refraction angle

When the first medium is air, the formula is shown below:

_ sine i _ 1
sine 1 7
P v
Where n = index of refraction

sine i = sine of angle of incidence
sine rl = sine of angle of refraction

vl = speed of 1ight in air

v2 = speed of light in other medium
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?5. The change of length due to a temperature change can be computed
usina the following formula.

Al = a1 (T -T,)

Where /A1 = change in lenath
O = coefficient of linear expansion
1 = original length
T = final temperature
T, = oriainal temperature

NOTE: Alaebraically add the total chanace of lenath to the total lemath
to obtain the corrected total length.

26. The change of lenath due to temperature change linear expansion:

Lf = LO (1 +o At)

Where a = linear coefficient of exnansion
At = change of temperature
L, = oriainal length
L¢ = final length

27. The relationship between relative humidity, absolute humidity, and
capacity of the air is shown by the following formula.

Ah
ap

~ Where ?Ry, = relative humidity in oercentage

o
>
1

= ahsolute humidity in grains per foot

O
|

ap = capacity of air in grains per foot at that temperature
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28. The formula for detemining the relative humidityv is shown below.

Where

3R

e
b
|

= relative humidity in nercentage
P¢ = pressure of saturated vapor in inches of mercury
tdew = temperature at the dew point

= ambient temperature

ot
B}
]

29. Torque is a force which produces, or tends to produce, rotation or
torsion. It is symbolized by the Greek letter Tau (7 ). The amount of
toraue can be determined by the following formula.

T= FL
Where T = torque
F = tangential force
L = lenath of moment arm

30. The angular velocity can be detemined by the following formula.
Anqular velocity is symbolized by the Greek letter omega ( ).

_ 0
i
Where w = anqular velocity in radians ver second
@ = angular displacement

T = time elapsed
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31. The relatinnship between speed (velocity), distance and time is shown
in the followina formula.

d
Vo=t
av |
Where Vay = averaae speerd or velocity
T = time
d = distance traveled

32. The frequency of vibration can he determined bv the followina
formulas.

f: 1 =Vav
T 2DA
Where f = freauency of vibration in hertz
T = time in seconds
Vay = average velocity

=2
>
]

double amnlitude

33. The computation of the acceleration level of a vibration at its
maximum displacement can he accomplished by the following formula.

q = .0512 f2 DA

acceleration in "g" units

\lhere

freaquency in hertz

DA = doubhle amplitude

34, The open circuit sensitivity of a velocity pickup can be detemined
from the followina formula.

e, -E, ! : "2)
2 R,
Where Ey = open circuit sensitivity
Ep = sensitivity of the pickup
Ry = impedance of the pickup
Ry = input impedance of the readout device

35. The corrected sensitivity of the pickup may be detemined by the
following formula.
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F, =k i

Where . Eq = corrected sensitivity
Eq = open circuit sensitivity
Ry = input z of the device
Ry = Z of the pickup

36. If the open circuit sensitivity is known, a sensitivity can bhe
corrected for anv load hy use of the following formula.

R
_ 2
Sencorr' B Senoc (Rl + R?)

Where Sencopy = sensitivity corrected for loading effect

Senyc = open circuit sensitivity

R1 7 of the pickun

Ry = input 7 of the device

37. The sensitivity of a velocity pickup can be determined bv using the
followina formula.

vz s,

Sen =

wf DA
Where Sen = sensitivity in mv/inch/sec
RMSny = the RMS readina in milTivolts
f = frequency in hertz
DA = double amplitude
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FORCE MEASUREMENTS

1. Strain: Change in length divided by oriqginal lenath.

et
Where € = strain
1 = lenath

/A1 = chanae in lenath

2. Stress: Force per unit area.

Yhere 0 = stress
F = force
A = area

3. Young's Modulus: Stress divided by strain.
o _ F/A
S e = =D
Y - T PSI

4. Poisson's Ratio: Transverse strain to axial strain.

- g
Where A/ = poisson's Ratio
€T = transverse strain (right angle to applied force)
€A = axial strain (in line with applied force)
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SOUND MEASUREMEMNT

Weher--Fechner Law: An approximate law which states that the maanitude

of the sensation of loudness is pronortional to the l1ogarithm of the
intensity, or:

_ I

Where L = magnitude of the sensation of loudness

—t
n

intensity
Io = intensity at the threshold of hearim

(10717 microwatts/cm?)

MOTE: I, is also given as 20 Newtons/Mz, the threshold of hearing is
0 dBs; and the threshold of pain of hearing is 120 dBs.
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ALPHABETICAL INDEX

AC Circuit Computation Formulas
Acceleration Due to Gravity

Alternating Current Generation Formulas
Amplifier Formulas

Amplifier with Feedback

Angle Functions

Area of Triangle, Rectangle, Parallelogram and Circle
Atomic Element List

Bandwidth Formula

Basic Temperature Scales Comparison Chart
Binary Conversion Tables

Cathode Followers

Capacitance Formulas

Celsius (Centigrade) Temperature Scale
Circumference of a Circle

Classification of Measurement Errors
Color Code for Capacitors

Color Code for Resistors

Conductance Formulas

Correction, Correction Factors, and Error
Coupled Inductance

Current Divider
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Current Relationships to Voltage, Resistance, and Power
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Operator
Kelvin Temperature Scale
Length Conversion Table
Length Equivalent Conversion Chart
Length of an Arc
Length of the Sides of Right Angle Triangles
Linear Coefficients of Expansion
Logarithms
Logic Gates
Magnetism and Electromagnetism Formulas
Mass and Weight Conversion Table
Mathematical Constants
Mathematical Symbols
Meter Formulas

1. Sensitivity

2. Multipliers

3. Shunts

4. Shunt (Universal)
Metrology Formulas
Microwave Formulas
Microwave Noise Equations
Microwave Signal Flowgraph Analysis
Mutual Inductance Formula

Neper
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11

29

28

31

35

9

33

7
114-116
37-39
28

3

2
41-43

106-108
117-131
132-134
135-144
51
12

002-1



Network Conversions

Numerical Constants

Ohm's Law for AC Circuits

Ohm's Law for DC Circuits
Operational Amplifiers

Oscillator Formulas

Oscilloscope Formulas

Parallel DC Circuit Computation
Periodic Table of the Elements

Phase Angle Reading Formula

Physical Measurements Formulas

Power of Ten Multiplier Chart

Power Relationship to Voltage, Current
Power, Work, and Heat Conversion Table
Powers of Two Chart

Power Supply Formulas

Pressure and Volume Conversion Table
Pressure Unit Convarsion Chart

Pulse Formulas

Pythagorean Theorem

Quadratic Equations

Radiac Formulas

Radian Measure

Rankine Temperature Scale
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18

5

44

44

94
102-103
111-113
45-46
24-25
113
147-159
4

13

28

5

83

28

34
104-105
8

11
145-146
10

29



RC/RL Time Constant Formulas
Resistance Formulas

Reactance Formulas

Resonance Formulas

Rounding Off Numbers

Scientific Notation

Self-Inductance Formulas

Sequence of Mathematical Operations
Series DC Circuit Computation
Significant Figures

Sine, Cosine, Tangent Relationships
Sine Wave Illustrated

Sine Wave Voltage Conversion Chart

Sound Measurement

Specific Gravity of Gases, Liquids, and Solids

Speed of Light in Air
Temperature Conversion Chart
Thermal Spectrum

Torque Indicating Handles
Transfer Resistance Standards
Transformer Formulas
Transistor Formulas
Trigonometric Relations

Universal Time Constant Chart
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76-80
40
54-55
55

48-50

45

8-9

15

15

161

32

32

29

30

32
109-110
72-75
95-101
9
81-82



Various Measurements 35

Voltage, Current, Power, and Resistance Relationship Chart 10
Voltage Divider 17
Volume and Pressure Conversion 28
Volumetric Expansion Coefficients 33
Weight and Mass Conversion 28
Wavelength Formulas 117-118

125-126
Zeke's Reversible Temperature Formula 31
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