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PREFACE

In the Preface to the first edition of this book, published
in November, 1959, we asked for recommendations of addi-
tional items to consider for inclusion in a future edition.
Many suggestions were received and considered; most of
them are incorporated in this volume. Hence, this book con-
tains the information which users of the first edition—
engineers, technicians, students, experimenters, and hobby-
ists—have told us they would like to have in a comprehen-
sive one-stop edition.

The basic formulas and laws, so important in all branches
of electronies, are given in Part One. Also included are
nomographs to speed up the solution of problems involving
Ohm’s law, power, parallel resistance, and reactance.

Useful, but hard to remember constants, and standards
which have been established by the government or industry,
are included in Part Two. The comprehensive Table of Con-
version Factors is especially helpful in electronic compu-
tations.

Part Three contains symbols and codes which have been
adopted over the years. The latest semiconductor informa-
tion is included, to keep you abreast of this rapidly expand-
ing field.

Items of particular interest to electronies service tech-
nicians are included in Part Four. Data most often used in
circuit design work are given in Part Five. The filter and
attenuator configurations and formulas are particularly use-
ful to service technicians and design engineers.



Mathematical tables, formulas, and other information are
presented in Part Six. Binary numbers and an introduction
to Boolean algebra—the tools of the computer field—are also
included in this seetion. Many items of a miscellaneous na-
ture are included in Part Seven.

No effort has been spared to make this revised handbook
of maximum value to anyone, in any branch of electronies.

Once again your comments, criticisms, and recommendations
for additional data you would like to see included in a future

edition, will be welcomed.
\
MM

January, 1962
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Electronics Formulas and Laws

1. OHM’S LAW FOR DIRECT CURRENT

All substances offer some obstruction to the flow of
current. Ohm’s law states that the current which flows is
directly proportional to the applied voltage and inversely
proportional to the resistance. Thus:

1-E 2O
R i .
_E
ReE ]
where, Fig. 1

I is the current in amperes,
E is the voltage in volts,
R is the resistance in ohms.

2. DC POWER

The power P expended in load resistance R when current .
I flows under a voltage pressure E can be determined by
the formulas:

P=EI
P =12R

E2
P=+x

where,

P is the power expressed in watts,
E is the voltage in volts,

Iis the current in amperes,

R is the resistance in ohms.
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3. OHM'S LAW NOMOGRAPH

The nomograph on the preceding page is a convenient way
of solving most Ohm’s law and DC power problems. If two
values are known, the two unknown values can be deter-
mined by placing a straightedge across the two known
values and reading the unknown values at the points where
the straightedge crosses the appropriate scales. The figures
in bold face (on the right side of all scales) cover one
range of given values, and the figures in light face (on the
left side) ccver another range. For a given problem, all
values must be read in either the bold- or light-face figures.

Example—What is the value of -a resistor if a 10-volt drop is measured
across it and a current of 500 milliamperes (.5 ampere) is flowing
through it? What is the power dissipated by the resistor?

ANSWER: The value of the resistor is 20 ohms. The power dissipated
in the resistor is 5 watts.

4. KIRCHHOFF'S LAWS

Kirchhoff’s voltage law states: “The sum of the voltage
drops around a DC series circuit equals the source or applied
voltage. In other words, disregarding losses due to the wire
resistance:

ET=E1+E2+E3

Fig. 3

where,
E; is the source voltage,

E,, E,, and E; are the voltage drops across the individual
resistors.

Kirchhoff’s current law states: ‘“The current flowing to-
ward a point in a circuit must equal the current flowing
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away from that point.” Hence, if a circuit is broken up into
several parallel paths, the sum of the currents through the
individual paths must equal the current flowing to the point
where the circuit branches, or:

@ @®

IT - I] + 12 + 13
R, R, R.

Fﬂ;l ;

Fig. 4
where,
Ir is the total current flowing through the circuit,
I,, I, and I are the currents flowing through the indi-
vidual branches.
In a series-parallel circuit, the relationships are as fol-
lows:

ET:E1+E2+E3

Ir=L+1 @}

Ir=1s

Fig.5

5. RESISTANCE

The following formulas can be used for calculating the
total resistance in a circuit.

Resistors in series (Fig. 6) :

Ry I
RT=R1+R2+R3+ . e .
R. R. Ra
AM— A AAA——-

Fig. 6
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Resistors in parallel (Fig. 7):

f—R r —=
R,

1 1 1
4 R.
R1+R2+ 9F 0 a o

R, AMA
Rs

Fig. 7

Two resistors in parallel (Fig. 8):

Ry

_ Ry xR,
TR, + R, R

Fig. 8

where,

R is the total resistance of the circuit,
R,, Ry, and Rj are the values of the individual resistors.

The equivalent value of resistors in parallel can be solved
with the nomograph given in Fig. 9. Place a straightedge
across the points on scale R, and R, where the known value
resistors fall. The point at which the straightedge crosses
the Ry scale will show the total resistance of the two resis-
tors in parallel. If three resistors are in parallel, first find
the equivalent resistance of two of the resistors, then con-
sider this value as being in parallel with the remaining re-
sistor.

If the total resistance needed is known, the straightedge
can be placed at this value on the Ry scale and rotated to
find the various combinations of values on the R, and R,
scales which will produce the needed value.

Scales Ryy and Ryy are used with the R, scale when the
values of the known resistors differ greatly. The range of
the nomograph can be increased by multiplying the values
of all scales by 10, 100, 1,000, or more, as required.
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Parallel Resistance Nomograph
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Example 1—What is the total resistance of a 50-ohm and a 75-ohm
resistor in parallel.

ANSWER: 30 ohms.

Example 2—What is the total resistance of a 1,500-ohm and a 14,000-
ohm resistor in parallel?

ANSWER: 1,355 ohms. (Use R: and Ry scales; read answer on Rry
scale.)

Example 3—What is the total resistance of a 75-ohm, an 85-ohm, and a
120-ohm resistor in parallel?

ANSWER: 30 ohms. (First, consider the 75-ohm and 85-ohm resistors,
which will give 40 ohms; then consider this 40 ohms and the 120-ohm
resistor, which will give 30 ohms.)

6. CAPACITANCE

(A) Total Capacitance

The following formulas can be used for calculating the
total capacitance in a circuit.

Capacitors in parallel (Fig. 10):

e Cr—]

C:

Cr=Cy+Co+Cs+ ... !_“_
C.

C

—

Fig. 10

Capacitors in series (Fig. 11) :

1
Cr=r—-ourooooe—
B
G G G C C. C
—A—t—t--

Fig. 11
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Two capacitors in series (Fig. 12):

I CT '
Cp= Cy X Cy
C; + Cq
Cl 2
11—t
Fig.12

where,
C. is the total capacitance in a circuit,
C4, Cy, and C; are the values of the individual capacitors.
The parallel-resistance nomograph in §?> can also be used
to determine the total capacitance of capacitors in series.

The capacitance of a parallel-plate capacitor is deter-
mlnedby: 0.0S"S"; -}_ﬁ!.,:‘ Jure [T I

C= 0.2235%(N —1)

where,

C is the capacitance in micromierofarads,
K is the dielectric constant,*

A is the area of one plate in square inches,
d is the thickness of the dielectric in inches,
N is the number of plates.

(B) Charge Stored
The charge stored in a capacitor is determined by :
Q=CE
where,

Q is the charge, in coulombs,
C is the capacitance in farads,
E is the voltage impressed across the capacitor.

(C) Energy Stored
The energy stored in a capacitor can be determined by :
__ CE?
W= 2
where, .

W is the energy in joules (watt-seconds),
C is the capacitance in farads,
E is the applied voltage in volts.

* For a list of dielectric constants of materials, see § 27.



ELECTRONICS FORMULAS AND LAWS 19

(D) Voltage Across Series Capacitors

When an AC voltage is applied across a group of capaci-
tors connected in series (Fig. 13), the voltage drop across
the combination is, of course, equal to the applied voltage.
The drop across' each individual eapacitor is inversely pro-
portional to its capacitance. The drop across any capacitor
in a group of series capacitors is calculated by the formula:

Ec;= —EAECT ’—‘” CI; "'_‘l

where,

E; is the voltage across the individual capacitor in the
series (C,, C,, or Cy),

E, is the applied voltage,
Cr is the total capacitance of the series combination,

C is the capacitance of the individual capacitor under con-
sideration.

Note: Cr and C may be in any unit of measurement as
long as the unit selected is the same for both.

7. INDUCTANCE
The following formulas can be used for calculating the
total inductance in a circuit.

Inductors in series (with no mutual inductance) (Fig.
14) :

1 ) 1
LT=L1+L2+L3+ . ..
Ly La Ls
1000000000\ __

Fig. 14
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Inductors in parallel (with no mutual inductance) (Fig.
15) :
-—Lr—ﬂ

1 1 1 L.

Fig. 15

Two inductors in parallel (with no mutual inductance)
(Fig. 16) :

]
L,
LT—IHLI& 000

T L,+ L,
where, o

Fig. 16
L is the total inductance of the circuit,
L,, Lo, and L; are the inductances of the individual indue-
tors (coils). 0
The parallel-resistance nomograph in § $-can also be used
to determine the total inductance of inductors in parallel.

(A) Mutual Inductance

The mutual inductance of two coils with fields interacting
can be determined by :

_Lya—Lg
M= i
where,
M is the mutual inductance expressed in the same unit
as L, and Lg,
L, is the total inductance of coils L, and L, with fields
aiding,
Ly is the total inductance of coils L, and L, with fields
opposing.

(B) Coupled Inductance

The coupled inductance can be determined by the follow-
ing formulas.
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In parallel, with fields aiding:

1
1 o 1
L+M L,+M

LT=

In parallel, with fields opposing:

In series, with fields aiding :
Lr=L; + L, + 2M
In series, with fields opposing :
Ly=L, + L, — 2M

where,

Ly is the total inductance,
L, and L, are the inductances of the individual coils,
M is the mutual inductance.

(C) Coupling Coefficient

When two coils are inductively coupled to give trans-
former action, the coupling coefficient is determined by:

M

" VL,L,

where,

K is the coupling coefficient,
M is the mutual inductance,
L, and L, are the inductances of the two coils.

(D) Energy Stored
The energy stored in an induetor can be determined by:

_ LI
W=

where,

W is the energy in joules (watt-seconds),
L is the inductance in henries,
I is the current in amperes.
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8. Q FACTOR

The ratio of reactance to resistance is known as the Q
factor. It can be determined by the following formulas.

For a coil wherein R and L are in series:

oL
Q=7
For a capacitor wherein R and C are in series:
1
Q= wRC

For a capacitor wherein R and C are in parallel :
Q=wRC

where,

Q is a ratio expressing the factor of merit,
w equals 2+f,

L is the inductance in henries,

R is the resistance in ohms,

C is the capacitance in farads.

9. RESONANCE

The resonant frequency, or the frequency at which the
reactances of the circuit add up to zero (X, = X;), is de-
termined by the formula:

1

fp=———
7 2. vLC

where,

fr is the resonant frequency in cycles per second,
L is the inductance in henries,
C is the capacitance in farads.

The resonant frequency of various combinations of in-
ductance and capacitance can also be obtained from the re-
actance charts in § 14. Simply lay a straightedge across the
values of inductance and capacitance, and read the resonant
frequency from the frequency scale of the chart.

10. ADMITTANCE

The measure of the ease with which alternating current
flows in a circuit is the admittance of the circuit.
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Admittance of a series circuit is given by :
__r
VR T X2

Admittance is also expressed as the reciprocal of imped-
ance; thus:

1
Y=z
where,

Y is the admittance in mhos,
R is the resistance in ohms,
X is the reactance in ohms,
Z is the impedance in ohms.

11. SUSCEPTANCE

The susceptance of a series cireuit is given by :

X

PErrx

When the resistance is zero, susceptance becomes the re-
ciprocal of reactance; thus:

B= 1
X
where,

B is the susceptance in mhos,
X is the reactance in ohms,
R is the resistance in ohms.

12. CONDUCTANCE

Conductance is the measure of the ability of a component
to conduct electricity. Conductance for DC circuits is ex-
pressed as the reciprocal of resistance; therefore:

1
G=gx
where,

G is the conductance in mhos,
R is the resistance in ohms.
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Ohm’s law formulas when conductance is considered are:

I=EG = l;
1
“E
I
E=3

where,

I is the current in amperes,

E is the voltage in volts,

G is the conductance in mhos,
R is the resistance in ohms.

13. ENERGY UNITS

Energy is the capacity or ability to do work. The joule is
a unit of energy. One joule is the amount of energy required
to maintain a current of one ampere for one second through
a resistance of one ohm. It is equivalent to a watt-second.
The watt-hour is the practical unit of energy; 3600 watt-
seconds equals one watt-hour. The number of watt-hours is
calculated :

Watt-hours =P X T

where,

P is the power in watts,
T is the time in hours the power is dissipated.

See § 6 for the energy stored in a capacitor, and § 7 for
the energy stored in an inductor.

14. REACTANCE

The opposition to the flow of alternating current by the
inductance or capacitance of a component or circuit is called
the reactance.

(A) Capacitive Reactance

The reactance of a capacitor may be calculated by the
formula:

where,
X is the reactance in ohms,
f is the frequency in cycles per second,
C is the capacitance in farads.
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(B) Inductive Reactance

The reactance of an inductor may be calculated by the
formula:

XL = 2+fLL

where,

X, is the reactance in ohms,
f is the frequency in cycles per second,
L is the inductance in henries.

(C) Reactance Charts

Charts for determining unknown values of reactance, in-
ductance, capacitance, and frequency are given on the fol-
lowing pages. The chart in Fig. 17A covers 1 to 1,000 cycles,
Fig. 17B covers 1 to 1,000 kilocycles, and Fig. 17C covers
1 to 1,000 megacycles.

To find the amount of reactance of a capacitor at a given
frequency, lay the straightedge across the capacitor value
and the frequency. Then read the reactance from the reac-
tance scale. By extending the line, the value of an inductance
which will give the same reactance can be obtained.

Since X¢ = Xy, at resonance, by laying the straightedge
across the capacitance and inductance values, the resonant
frequency of the combination can be determined.

Example—If the frequency is 10 cycles per second and the capacitance
is 50 mfd, what is the reactance of the capacitor? What value of in-
ductance will give this same reactance?

ANSWER: The reactance is 310 ohms. The inductance needed to pro-
duce this same reactance is 5 henries. Thus, it follows that a 50-mfd
capacitor and a 5-henry choke are resonant at 10 eps. [Place the
straightedge, on the proper chart (Fig. 17A), across 10 cps and
50 mfd. Read the values indicated on the reactance and inductance
scales.]

15. IMPEDANCE

The basic formulas for caleulating the total impedance
are as follows.

For parallel circuits:

VG? + B?
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Reactance Chart—1 ke to 1 mc
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For series circuits:

Z =+vR2 + X2
where,

Z is the total impedance,

G is the total conductance or the reciprocal of the total
parallel resistance,

B is the total susceptance,

R is the total resistance,

X is the total reactance.

The following formulas can be used to find the im-
pedance of the various combinations of inductance, capaci-
tance, and resistance.

For a single resistance (Fig. 18):

Z=R -
8=0° —VW—
Fig. 18
For resistances in series (Fig. 19):
Z=R1+R2+R3+-.. R, R. Rs
6=0° —AAA——AAA— AN ————
Fig. 19
For a single inductance (Fig. 20) :
Z= XL L
6=90° (000
Fig. 20

For inductances in series (with no mutual inductance)
(Fig. 21) :

Z:XL1+XL2+XL3+ « o .

L. L. L,
6 =90° —_(TO0L_(VO0\_(TO0\____
Fig. 21

For a single capacitance (Fig. 22) :

Z =X C
6 = 90° —=

Fig. 22
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For capacitances in series (Fig. 23):

Z=ZXc, + Xcg+ Xeg+ . .. CRNGE (@
6 =90° — Sl
- Fig. 23

For resistance and inductanece in series (Fig. 24) :
Z=VREF X
R L
6 = arc tan RS — T
R

Fig. 24

For resistance and capacitance in series (Fig. 25) :

7= VR XS e
_W\__“._

0 = are tan % Pig. 25

For inductance and capacitance in series (Fig. 26) :

When X, is larger than Xg
Z = XL - Xc L C

— (000 g

When X, is larger than X, .
Fig. 26

Z=Xc—Xo
6 = 0° when X, = X¢

For resistance, inductance, and capacitance in series
(Fig. 27) :

Z=VRE+ (X — Xo)? . n G
6 = arc tan Z(LR—XE Fig. 27

For resistances in parallel (Fig. 28) :

R
1
7Z =
EfRTR T
6=0° .
]

Fig. 28
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For inductances in parallel (with no mutual inductance)

(Fig. 29) :

L,
7= 1
-1 1 1 ’_@—’
vttt ... :
X, Xu, X, {000
6 = 90° )
' f
Fig. 29
For capacitances in parallel (Fig. 30) :
1 C
7 —
1 1 1 C.
—toet+ ...
X('l X(‘z X(‘.
6 = 90° i
! {
Fig. 30

For resistance and inductance in parallel (Fig. 31):

7 = RX, L
TVREE X, 0
R

= arc tan —
Xe Fig. 31

For capacitance and resistance in parallel (Fig. 32) :

__ RX, c
V R2 + Xc?:
R R

6 = arc tan ——
Xo Fig. 32
For capacitance and inductance in parallel (Fig. 33) :

When X, is larger than X;:

Z = —_XI‘ XC L
X — Xe
When X is larger than X, : l C l

_ XXy
= Fig. 33

Xe— Xo
6 = 0° when X, = X
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For inductance, capacitance, and resistance in parallel
(Fig. 34) :

L
7= RXXe
VX2 X + RE2(Xp — Xo)? R
_ R(X. — Xo) o
6 = arc tan X.X,
Fig. 34

For inductance and series resistance in parallel with re-
sistance (Fig. 35) :

R]2 + XL2 L

_ _ R,

Z=R: VIR, + R + X2 .ﬂ 0'0 lll'l I
_ _ XRe

6 = arc tan R+ X2+ R,R, Fig. 35

For inductance and series resistance in parallel with
capacitance (Fig. 36) :

B Rz + X2 R L
C
X.(X. — Xo)— R?

6 = arc tan RX, Fig. 36

For capacitance and series resistance in parallel with in-

ductance and series resistance (Fig. 37): L

R

_ /(R + X)) (R + XcP)
TV (Ri+ Re)2+ (XL — Xo)?

Xi (Re? + X¢?) — Xe (Rs? + X1?)
R: (R2? + X¢?) + Rz (R2 + X1?)

Z

Fig. 37

6 = arc tan



ELECTRONICS FORMULAS AND LAWS 33

where,

Z is the impedance in ohms,

R is the resistance in ohms,

L is the inductance in henries,

X, is the inductive reactance in ohms,

X is the capacitive reactance in ohms,

0 is the phase angle in degrees by which the current leads
the voltage in a capacitive circuit or lags the voltage
in an inductive circuit. 0° indicates an in-phase con-
dition.

16. OHM’S LAW FOR ALTERNATING CURRENT

The fundamental Ohm’s law formulas for alternating cur-
rent are given by :

E=1Z I
E
I_Z E 7
_E Fig. 38
Z=73

where,

E is the voltage in volts,
I is the current in amperes,
Z is the impedance in ohms.

The power expended in an AC circuit is calculated by the
formula:

P=ElIcos#

where,

P is the power in watts,

E is the voltage in volts,

Iis the current in amperes,

0 is the phase angle in degrees.

The phase angle is the difference in degrees by which the
current leads or lags the voltage in a reactive circuit. In a
series circuit, the phase angle is determined by the formula:

6 = arc tan —;5{—

where,

X is the inductive or capacitive reactance in ohms,
R is the nonreactive resistance in ohms.
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Therefore:

For a purely resistive circuit:

9=0°
cosf=1
P=EI
For a resonant circuit:
9=0°
cosf=1
P=EI

For a purely reactive circuit:

6= 90°
cosf=0
P=0

17. AVERAGE, RMS, PEAK, AND PEAK-TO-PEAK
VOLTAGE AND CURRENT

The following table can be used to convert sinusoidal
voltage (or current) values from one method of measure-
ment to another. To use the table, first find the given type of
reading in the left-hand eolumn, then find the desired type
of reading across the top of the table. To convert the given
value to the desired value, multiply the given value by the

factor listed under the desired value.

Example—What factor must peak voltage be multiplied by to obtain

rms voltage?

ANSWER: .707.

Table |. Average, Rms, Peak, and Peak-to-Peak Values

Given Multiplying Fﬂa_:gr To Ge'A B

Valve Average Rms Peak W Peak-to-Peak
Average — .1 1.57 3.14
Rms 0.9 — 1.414 2.828
Peak 0.637 0.707 —_ 2.0
Peak-to-Peak 0.32 0.3535 0.5 —
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18. POWER FACTOR

Power factor is the ratio of true power to apparent power
in an alternating circuit. Thus:

P; Elcosé I
pf==—1""
P. EI 150 -
— cos @ Fig. 39

where,
pf is the power factor,
Pr is the true power in watts,
P, is the apparent power in volt-amperes,
EI cos 6 is the true power in watts,
EI is the apparent power in volt-amperes.

Therefore :

For a purely resistive circuit:

6=0°
pf=1
For a resonant circuit :
6=0°
pf=1

For a purely reactive cirecuit:
8 = 90°
pf=0

19. TIME CONSTANTS

A certain amount of time is required, after a DC voltage
has been applied to an R-C or R-L circuit, before the capaci-
tor can charge or the current can build up to a portion of the
full value. This time is called the time constant of the circuit.
However, the time constant is not the time required for the
voltage or current to reach the full value; instead, it is the
time required to reach 63.2% of full value. During the next
time constant, the capacitor is charged or the current builds
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up to 63.2% of the remaining difference, or to 86.5% of the
full value. Table II gives the per cent of full charge on a
capacitor, or current buildup in an induetance after each
time constant. Theoretically, the charge on the capacitor, or
the current through the coil, can never reach 100%. How-
ever, it is usually considered to be 100% after five time con-
stants.

Table Il. Time Constants versus Per Cent of Voltage

or Current
No. of % Charge % Discharge
Time Constants or Buildup or Decay
1 63.2 36.8
2 86.5 13.5
3 95.0 5.0
4 98.2 1.8
5 99.3 0.7

Likewise, when the voltage source is removed, the capaci-
tor will discharge or the current will decay 63.2%, or to
36.8% of full value during the first time constant. Table 11
also gives the per cent of full voltage after each time con-
stant for discharge of a capacitor or decay of the current
through a coil.

The time per time constant is calculated as follows.

For an R-C circuit (Fig. 40): AAA—
: 1
T =RC \ C
E
—=ai|
Fig. 40
For an R-L circuit (Fig. 41): M
R
_L L
T=% W E
=i
Fig. 41
where,

T is the time in seconds,

R is the resistance in ohms,

C is the capacitance in farads,
L is the inductance in henries.
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In addition, the values can also be expressed by the follow-

ing relationships:

T

seconds
seconds
microseconds
microseconds
microseconds

R

megohms
megohms
ohms
megohms
ohms

CorL

microfarads
microhenries
microfarads
micromicrofarads
microhenries

20. TRANSFORMER FORMULAS

In a transformer, the relationships between the number
of turns in the primary and secondary, the voltage across
each winding, and the current through the windings are ex-
pressed by the equations:

E,_N E,_ L

Es Ng and E = 'I—p

By rearranging these equations, any unknown can be de-
termined from the following formulas:

= ESND — EsIs
B, = N. T,
— EDNS —_— EpIp
Es - ND - Is
— EDNS - Na [ NS *
Np_ Es - Ip @ NP Ns @
N. < ENo_ N, ®) ®)
. " L
I, = E.l, — N,I, Fig. 42
P Ep Np
[~ EL N,
8 Es Ns

The turns ratio of a transformer is determined by the
following formulas:

For a step-up transformer:

_N.
T=x.
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For a step-down transformer:

N,

TZN.,

The impedance ratio of a transformer is determined by :
Z="T?

The impedance of an unknown winding is determined by
the following:

For a step-up transformer:

Z,

Zp = -Z'
Z,=7Z X Z,

For a step-down transformer:
Z,=7 X Z,

_ 2y

Ze=7

where,
E, is the voltage across the primary winding,
E is the voltage across the secondary winding,
N is the number of turns in the primary winding,
N is the number of turns in the secondary winding,
I, is the current through the primary winding,
I is the current through the secondary winding,
T is the turns ratio,
Z is the impedance ratlo
Z, is the impedance of the primary winding,
Z is the impedance of the secondary winding.

21. VOLTAGE REGULATION

When a load is connected to a power supply, the output
voltage drops because more current flows through the resis-
tive elements of the power supply. Voltage regulation is a
measure of how much the voltage drops and is usually ex-
pressed as a percentage. It is determined by the following
formula:

EI _ E2

7R = —¢-

X 100

where,
%R is the voltage regulation in per cent,
E, is the no-load voltage,
E, is the voltage under load.
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22. DC METER FORMULAS

The basic instrument for testing current and voltage is
the moving-coil meter. The meter can be either a DC milli-
ammeter or a DC microammeter. A series resistor converts
the meter to a DC voltmeter, and a parallel resistor converts
the meter to a DC ammeter. The resistance of the meter
movement is determined first, as follows. Connect a suitable
variable resistor R, and a battery as shown in Fig. 43. Ad-
just resistor R, until full-scale deflection is obtained. Then
connect a variable resistor R, in parallel with the meter, and
adjust R, until half-scale deflection is obtained. Disconnect

il
$

Fig. 43

R, and measure its resistance. The measured value is the
resistance of the meter movement.

(A) Voltage Multipliers Ra
R= Es —Rm R
Jl
Fig. 44
where,

R is the multiplier resistance in ohms,
E, is the full-scale reading in volts,
I, is the full-scale reading in amperes,
R.. is the meter resistance in ohms.

(B) Shunt-type Ohmmeter for Low Resistance
Rn

1
Rx=Rp——>—
x I-1, Ré——{lhl

IRxl

Fig. 45
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where,

Ry is the unknown resistance,

R, is the meter resistance in ohms,

I, is the current reading with probes open,

I, is the current reading with probes connected across
unknown resistor,

R, is a variable resistance for current limiting to keep
meter adjusted for full-scale reading with probes open.

(C) Series-type Ohmmeter for High Resistance

Rx=(Ry + Ra) T2

2

Fig. 46

where,
Ry is the unknown resistance,
R, is a variable resistance adjusted for full-scale reading
with probes shorted together,
R, is the meter resistance in ohms,
1, is the current reading with probes shorted,
I, is the current reading with unknown resistor connected.

R
(D) Ammeter Shunts 7
\LJ
R — Rm — Im Rm —ANN—¢
N-1 I, 4 R &
where, Fig. 47

R is the resistance of the shunt,

R, is the meter resistance in ohms,
N is the scale multiplication factor,
I, is the meter current,

I, is the shunt current.

(E) Ammeter With Multirange Shunt
Rm

_ (Ri+Ry) +Ra

R. N

K R:

Fig. 48
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where,
R, is the intermediate value in ohms,
R, + R, is the total shunt resistance for lowest full-scale
reading,
R,, is the meter resistance in ohms,
N is the scale multiplication factor.

23. FREQUENCY AND WAVELENGTH
(A) Formulas

Since the frequency is the number of complete cycles per
second and since radio waves travel at a fixed speed, it
follows that a complete cycle occupies a given distance in
space. The distance between two corresponding parts of two
waves (the two positive or negative crests or the points
where the two waves cross the zero axis in a given direction)
constitutes the wavelength. If either the frequency or the
wavelength is known, the other can be computed as follows:

_ 300,000
PSS
_ 300,000
A= —

where,

f is the frequenecy in kilocycles,
A is the wavelength in meters.

If it is desired to calculate the wavelength in feet, the
following formulas should be used:

¢ - 984,000
=T
\ = 984%000

where,

f is the frequency in kilocycles,
A is the wavelength in feet.

(B) Conversion Chart

The wavelength of any frequency from 30 ke to 3000 me
can be read directly from the chart in Fig. 49. Likewise, if
the wavelength is known, the corresponding frequency can
be obtained from the chart for wavelengths from 10 centi-
meters to 1000 meters. To use the chart, merely find the
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Frequency-Wavelength Conversion Chart
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known value (either frequency or wavelength) on one of
the scales, and then read the corresponding value from the
opposite side of the scale.

Example—What is the wavelength of a 4-me signal?

ANSWER: 75 meters. (Find 4 mc on the third scale from the left.
Opposite 4 me on the frequency scale we find 75 meters on the wave-
length scale.}

24. TRANSMISSION-LINE FORMULAS

The characteristic impedance of a transmission line is
defined as the input impedance of a line of the same con-
figuration and dimensions but of infinite length. When a
line of finite length is terminated with an impedance equal
to its own characteristic impedance, the line is said to be
matched.

(A) Coaxial Line
The characteristic impedance of a coaxial line is given

by:
y g
138 D dlj:@—?
Z,= log
VEk k
Fig. 50
where,

Z, is the characteristic impedance,

D is the inside diameter of the outer conductor,

d is the outside diameter of the inner conductor expressed
in the same units as D,

k is the dielectric constant of the insulating material*
(k equals 1 for dry air).

The attenuation of coaxial line in decibels per foot can
be determined by the formula:

_48VED@+d) o,
D
Dxd(logﬁ)

where,
a is the attenuation in decibels per foot of line,
f is the frequency in megacycles,
D is the inside diameter of the outer conductor in inches,
d is the outside diameter of the inner conduetor in inches.

* For a list of dielectric constants of materials, see § 27.
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(B) Parallel-Conductor Line

The characteristic impedance of parallel-conductor line
(twin-lead) is determined by the formula:

D
276 . 2D -
7, =22 log 2
k g d - '\ﬁ‘
d k
where, Fig. 51

Z, is the characteristic impedance,

D is the center-to-center distance between conductors,

d is the diameter of the conductors in the same units as D,

k is the dielectric constant of the insulating material
between conductors* (k equals 1 for dry air).

25. MODULATION FORMULAS
(A) Amplitude Modulation

The amount of modulation of an amplitude-modulated
carrier i8 referred to as the percentage of modulation. It can
be determined by the following formulas:

_Ec—Eq¢
%M = oK., X 100
or,
— E;— Eq
YoM = E. T B, X 100
where,

%M 1is the percentage of modulation,

E. is the amplitude of the crest of the modulated carrier,
Er is the amplitude of the trough of the modulated carrier,
E.v is the average amplitude of the modulated carrier.

Also, the percentage of modulation can be determined by
applying the modulated carrier wave to the vertical plates
and the modulating voltage wave to the horizontal plates of
an oscilloscope. This produces a trapezoidal wave, as shown
in Fig. 53. The dimensions A and B are proportional to the
crest and trough amplitudes, respectively. The percentage

* For a list of dielectric constants of materials, see § 27.



ELECTRONICS FORMULAS AND LAWS 45

of modulation can be determined by measuring the height
of A and B, and using the formula:

A-B

A+B><100

PeM =

where,

%M is the percentage of modulation,
A and B are the dimensions measured in Fig. 53.

The sideband power of an AM carrier is determined by:

_ oM

Pgs = 5 X Pg

The total radiated power is the sum of the carrier and the
radiated powers:

PT - PSB + PC

where,

Py is the sideband power (includes both sidebands),
%M is the percentage of modulation,

P is the carrier power,

P is the total radiated power.

Note: The carrier power does not change with modulation.

(B) Frequency Modulation

In a frequency-modulated earrier, the amount the carrier
frequency changes is determined by the amplitude of the
modulating signal, and the number of times the changes
occur per second is determined by the frequency of the
modulating signal.

The percentage of modulation of an FM carrier can be
computed from:

Af

7M = for 1009 M < 100

where, .
% M is the percentage of modulation,
Af is the change in frequency, or the deviation,
Af for 100%M is the change in frequency for a 100%
modulated ecarrier. (For commercial FM, 75 ke; for
television sound, 25 ke; and for two-way radio, 15 ke.)
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The modulation index of an FM carrier is determined by :

fa

1,
where,

M is the modulation index,

fq is the deviation in frequency,

f. is the modulating audio frequency in the same units
as f,.

26. DECIBELS AND VOLUME UNITS
(A) Equations

The number of decibels corresponding to a given power
ratio is 10 times the common logarithm of the ratio. Thus:

P,
P,

db = 10 log

The number of decibels corresponding to a given voltage
or current ratio is 20 times the common logarithm of the
ratio. Thus, when the impedances across which the signals
are being measured are equal, the equations are:

db = 20 log%
1

db = 20 log —iﬂ
1

If the impedances across which the signals are measured
are not equal, the equations become:

E.\V7Z
db = 20 log EQ\/Z_‘
1 2

db = 20 log 2V22
INZ,

(B) Reference Levels

The decibel is not an absolute value; it is a means of stat-
ing the ratio of a level to a certain reference level. Usually,
when no reference level is given, it is 6 millivolts across a
500-ohm impedance. However, the reference level should be
stated whenever a value in db’s is given. Other units, which
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do have specific reference levels, have been established. Some
of the more common are:

dbk —1 kilowatt

dbm —1 milliwatt, 600 ohms

dbv —1 volt

dbw —1 watt

dbvg —voltage gain

dbrap—decibels above a reference acoustical power of
1016 watts

VU —1 milliwatt, 600 ohms (complex waveforms vary-
ing in both amplitude and frequency).

(C) Decibel Table

The decibel table on the following pages lists most of the
current, voltage, and power ratios encountered, with their
decibel values. If a db value is not listed and it is desired to
find the corresponding ratio, first subtract one of the given
values from the unlisted value (select a value so the remain-
der will also be listed). Then multiply the ratios given in the
chart for each value. To convert a ratio which is not given
in the table to a db value, first factor the ratio so that each
factor will be a listed value; then find the db equivalents for
each factor and add them.

Example 1—Find the db equivalent of a power ratio of .631.
ANSWER: 2-db loss.
Example 2—Find the current ratio corresponding to a gain of 43 db.

ANSWER: 141. [First find the current ratio for 40 db (100) ; then find
the current ratio for 3 db (1.41). Multiplying, 100 x 1.41 = 141.]

Example 3—Find the db value corresponding to a voltage ratio of 150.

ANSWER: 43.5. [First factor 150 into 1.5 X 100. The db value for a
voltage ratio of 100 is 40; the db value for a voltage ratio of 1.5 is

3.5 (approximately). Therefore, the db value for a voltage ratio is
40 4 3.5 or 43.5 db.]
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Table IIl. Decibel Table (0 to 10.9 Db)
Current or Current or
Voltage Ratio | Power Ratio i Voltage Ratio | Power Ratio
Db | Gain | Loss Gain | Loss Db | Gain | Loss Gain | Loss
0 |1.000}1.0000 | 1.000 { 1.0000 55(1.884 | .5309 | 3.548 | .2818
.111.012 ] 9886 | 1.023 | .9772 5.6]1.905 | .5248 | 3.631 | .2754
.2 [1.023 | .9772 | 1.047 | .9550 5.7(1.928 | .5188 | 3.715 | .2692
3 [1.035| .9661 | 1.072 | .9333 5.8(1.950 | .5129 | 3.802 | .2630
.4 [1.047 | .9550 | 1.096 | .9120 5.9(1.972 | .5070 | 3.890 | .2570
511.059 | 9441 [ 1.122 8913 6.0(1.995 | .5012 | 3.981 | .2512
.6 (1.072 | .9333 | 1.148 ] .8710 6.1 2.018 | .4955 | 4.074 | 2455
.7 11.084 | .9226 | 1.175| .8511 6.212.042 | .4898 | 4.169 | .2399
.8 [1.096| .9120 | 1.202 | .8318 6.3(2.065 | .4842 | 4.266 | .2344
.9 (1109 .9016 | 1.230| .8128 6.4 (2.089 | .4786 | 4.365 | .2291
1.0 1.122{ .8913 | 1.259 | .7943 6.5(2.113 | .4732 | 4.467 | 2239
1.1|11.135| .8810 | 1.288 | .7762 6.6(2.138 | .4677 | 4.571 | .2188
1.211.148 | .8710 | 1.318( .7586 6.7 | 2163 | .4624 | 4.677 | .2138
1.3 (1.161 | .8610 | 1.349 | .7413 6.812.188 | .4571 | 4.786 | .2089
1.4 (1.175] .8511 | 1.380 | .7244 6.9(2.213 | .4519 | 4.898 | .2042
1.5(1.189 ( .8414 | 1.413 | .7079 7.012.239 | .4467 | 5.012 | .1995
1.6 11.202 | .8318 | 1.445( .6918 7.112265 | .4416 | 5.129 | 1950
1.7 11.216 | .8222 | 1.479 | .6761 7.2(2291 | .4365 | 5.248 | .1905
1.811.230 | .8128 | 1.514| .6607 7.312.317 | .4315 | 5.370 | .1862
1.9 |1.245( .8035 | 1.549 | .6457 7.412.344 | 4266 | 5.495 | .1820
2.011.259 | .7943 | 1.585| .6310 7.5|12371 | 4217 | 5.623 | .1778
2.1 11.274 ) .7852 | 1.622| .6166 7.6(2.399 | .4169 | 5.754 | .1738
2.2|1.288 | .7762 | 1.660 | .6026 7.712427 | .4121 | 5.888 | .1698
2.3 )1.303 | .7674 | 1.698 | .5888 7.812.455 | .4074 | 6.026 | .1660
2411318 .7586 | 1.738 | .5754 7.912.483 | .4027 | 6.166 | .1622
2.5(1.334 | .7499 | 1.778 | .5623 8.012.512 | .3981 | 6.310 | .1585
2.6|1.349 | 7413 | 1.820 | .5495 8.1]2.541 | 3936 | 6.457 | .1549
2.7 |1.365| .7328 | 1.862 | .5370 8.212.570 | .3890 | 6.607 | .1514
2.8 |1.380 | .7244 | 1.905 | .5248 8.312.600 | .3846 | 6.761 | .1479
29[1.396| .7161 | 1.950 | .5129 8.4)2.630 | .3802 | 6.918 | .1445
3.0(1.413| .7079 [ 1.995| .5012 8.5]|2.661 | .3758 | 7.079 | .1413
3.1|1.429 [ .6998 | 2.042 | .4898 8.6 (2692 | .3715 | 7.244 | .1380
3.2 |1.445 6918 | 2.089 | .4786 8.712.723 | .3673 | 7.413 | .1349
3.3 |1.462 | .6839 | 2.138 | .4677 8.8|2.754 | .3631 | 7.586 | .1318
3.411.479 | .6761 | 2.188 | .4571 8.912.786 | .3589 | 7.762 | .1288
3.5|1.496 | .6683 | 2.239 | .4467 9.0|2.818 | .3548 | 7.943 | .1259
3.6 1.514| .6607 | 2.291 | .4365 9.112851 | .3508 | 8.128 | .1230
3.7 |1.531 | .6531 | 2.344 | .4266 9.2(2.884 | .3467 | 8.318 | .1202
3.8 |1.549 | .6457 | 2.399 | .4169 9.312.917 | .3428 | 8511 | .1175
3.9 |1.567 | .6383 | 2.455 | .4074 9.4 (2951 | .3388 | 8.710 | .1148
4.011.585| .6310 | 2.512 | .3981 9.512.985 [ .3350 | 8913 | .1122
4.1 11,603 | .6237 | 2.570 | .3890 9.6 (3.020 | .3311 | 9.120 | .1096
4.2 [1.622 | .6166 | 2.630 | .3802 9.7 [3.055 | .3273 | 9.333 | .1072
4.3 )1.641 | 6095 | 2.692{ .3715 9.8 {3.090 | .3236 | 9.550 | .1047
4.4 [1.660 [ .6026 | 2.754 | .3631 9.913.126 | .3199 | 9.772 | .1023
4.5(1.679 | .5957 | 2.818 | .3548 10.0 [ 3.162 | .3162 |10.000 | .1000
4.6 |1.698 | .5888 | 2.884 | .3467 10.113.199 | .3126 |10.23 .09772
4.7 (1.718 | .5821 | 2.951 | .3388 10.2 13.236 | .3090 [10.47 .09550
4.8 (1.738 | .5754 | 3.020 | .3311 10.33.273 | .3055 [10.72 .09333
4.9 [1.758 | .5689 | 3.090 | .3236 10.4|3.311 | .3020 [10.96 .09120
5.0 (1.778 | .5623 | 3.162 | .3162 10.5|3.350 | .2985 (11.22 .08913
5.1 11.799 | .5559 | 3.236 | .3090 10.6 |13.388 | .2951 [11.48 .08710
5.2 11.820 | .5495 | 3.311 | .3020 10.7 | 3.428 | .2917 [11.75 .08511
5.3 (1.841 | .5433 | 3.388 | .2951 10.8 | 3.467 | .2884 [12.02 .08318
5.4 11.862 | .5370 | 3.467 | .2884 10.913.508 | .2851 [12.30 .08128
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Table Ill. Decibel Table—(Cont’d) (11.0 to 19.9 Db)
Current or Current or
Voltage Ratio | Power Ratio Voltage Ratio | Power Ratio

Db | Gain | Loss Gain | Loss Db [ Gain | Loss Gain | Loss

11.03.548 | 28181259 | .07943 15.5(5.957 | .1679 (35.48 | .02818
11.1|3.589 | 2786 |12.88 | .07762 15.616.026 | .1660 | 36.31 .02754
11.213.631 | .2754(13.18 | .07586 15.71 6.095 | .1641 [37.15 [ .02692
11.313.673 | .2723[13.49 | .07413 1581 6.166 | .1622 |38.02 | .02630
11.413.715 | .2692[13.80 | .07244 15.916.237 | .1603 | 38.90 | .02570
11.513.758 | .2661 (14.13 | .07079 16.0] 6.310 | .1585 [ 39.81 .02512
11.6 {3.802 | .2630(14.45 | .06918 16.1] 6.383 | .1567 [ 40.74 | .02455
11.7 [3.846 | .2600 [ 14.79 | .06761 16.2| 6.457 | .1549 | 41.69 | .02399
11.8 (3.890 | .2570|15.14 | .06607 16,31 6.531 | .1531 | 42.66 | .02344
11.913.936 | .2541 {15.49 | .06457 16.4| 6.607 | .1514 | 43.65 | .02291
12,0 13.981 | .2512|15.85 | .06310 16.5| 6.683 | .1496 [ 44.67 | .02239
12.1 | 4.027 | 24831622 | .06166 16.6|6.761 | .1479 [ 45.71 .02188
12.2 (4.074 | .2455(16.60 | .06026 16.71 6.839 | .1462 (46.77 | .02138
12.3 (4.121 | .2427 {16.98 | .05888 16.8]6.918 | .1445 (47.86 | .02089
12.4 (4.169 | 2399 (17.38 | .05754 16.9|6.998 | .1429 | 48.98 | .02042
12.5(4.217 | .2371 (17.78 | .05623 17.0(7.079 | .1413 |50.12 | .01995
12.6 (4.266 | .2344 (18.20 | .05495 17.117.161 | .1396 |51.29 | .01950
12.7 | 4315 | .2317 [ 18.62 .05370 17.2|7.244 | 1380 |52.48 | .01905
12.8 | 4.365 | .2291 [ 19.05 | .05248 17.3(7.328 | .1365|53.70 | .01862
12.9 [ 4.416 | .2265|19.50 | .05129 17.4(7.413 | .1349 | 54.95 | .01820
13.0 | 4.467 | .2239 (19.95 | .05012 17.5]|7.499 | .1334 [ 56.23 | .01778
13.1 [4.519 | .2213 (20.42 | .04898 17.6|7.586 | .1318 |57.54 | .01738
13.2 (4.571 | .2188 [20.89 | .04786 17.7|7.674 | 1303 |58.88 | .01698
13.3 [4.624 | .2163 |21.38 04677 17.8|7.762 | .1288 | 60.26 .01660
13.4 (4,677 | .2138 (21.88 | .04571 17.9(7.852 | .1274 |61.66 | .01622
13.5(4.732 | 2113 [22.39 | .04467 18.0(7.943 | .1259 |63.10 | .01585
13.6 (4.786 | .2089 { 22,91 .04365 18.1(8.035 | .1245 | 64.57 | .01549
13.7 [4.842 | .2065 (23.44 | .04266 18.2(8.128 |.1230 |66.07 | .01514
13.8 | 4.898 | .2042 |23.99 | .04169 18.3(8.222 | .1216 | 67.61 01479
13.9 |4.955 | .2018 [24.55 | .04074 18.4(8.318 |.1202 |69.18 | .01445
14.0 (5.012 | .1995|25.12 | .03981 18.5|8.414 | 1189 |70.79 | .01413
14.1 [5.070 | .1972|25.70 | .03890 18.6(8.511 | .1175|72.44 | .01380
14.2 (5.129 | .1950 (26.30 | .03802 18.7 (8.610 | .1161 |74.13 | .01349
14.3 15188 | .1928 (26.92 | .03715 18.8(8.710 | .1148 |75.86 | .01318
14.4 (5.248 | .1905 (27.54 | .03631 18.9(8.811 |.1135|77.62 | .01288
14.5 (5.309 | .1884 [28.18 | .03548 19.0|8.913 | .1122 (79.43 | .01259
14.6 15.370 | .1862 (28.84 | .03467 19.119.016 | .1109 |81.28 | .01230
14.7 | 5.433 | .1841 | 29.51 .03388 19.2(9.120 | .1096 |83.18 | .01202
14,8 [ 5.495 | .1820{30.20 | .03311 19.3|9.226 |.1084 |85.11 01175
14.9 15.559 | .1799 [30.90 | .03236 19.419.333 | .1072 |87.10 | .01148
15.0 {5.623 | .1778 |31.62 | .03162 19.5|9.441 | .1059 |89.13 .01122
15.1 15.689 | .1758 |32.36 | .03090 19.6 [ 9.550 |.1047 |91.20 | .01096
152 15.754 | 1738 (33.11 .03020 19.7 1 9.661 | .1035(93.33 | .01072
15.3 15.821 | .1718|33.88 | .02951 19.8|19.772 §.1023 |95.50 | .01047
15.4 |5.888 | .1698 |34.67 | .02884 19.919.886 |.1012 |97.72 | .01023

Note: For values from 20 to 180 db, see next page.
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Table 11l. Decibel Table—(Cont’d) (20 to 180 Db)
Currenf or Voltage Ratio | Power_Ra'io_ o

Db Gain Loss Gain Loss
20.0 10.00 0.1000 100.00 0.01000
25.0 17.78 0.0562 3.162 X 10? 3.162 X107
30.0 31.62 0.0316 10° 107
35.0 56.23 0.0178 3.162 X 10° 3.162 X107
40.0 100.00 0.0100 10 107
45.0 177.8 0.0056 3,162 X 10* 3.162 X 107
50.0 316.2 0.0032 10° 107
55.0 562.3 0.0018 3.162 X 10° 3.162X107°
60.0 10° 107 10" 107°
65.0 1.778 X 10° 5623 X 107" 3.162 X 10° 3.162 X 1077
70.0 3.162 X 10° 3.162 X 107 107 107
75.0 5.623 X 10° 1.78 X 107 3.162 X 10 3.162X10°°
80.0 10 107 10# 10°®
85.0 1.778 X 10* 5623 X107 3.162 X 10° 3.162 X 107
90.0 3.162 X 10* 3,162 X 107° 10° 10°°
95.0 5.632 X 10* 1.78 X 10°° 3.162 X 10° 3.162 X 107

100.0 10° 108 10%° 107

110.0 3,162 X 10° 3.162 X107 10" 101

120.0 10° 107" 102 10712

130.0 3.162 X 10° 3.162 X 1077 10" 10

140.0 107 1077 10" 107

150.0 3.162 X 107 3.162 X107 10 107

160.0 10° 1078 10" 101

170.0 3,162 X 10° 3.162 X 107° 10 107V

180.0 10° 107 10" 1078
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27. DIELECTRIC CONSTANTS OF MATERIALS

The dielectric constants of most materials vary for dif-
ferent temperatures and frequencies. Likewise, small differ-
ences in the composition of materials will cause differences
in the dielectric constants. A list of materials, and the ap-
proximate range (where available) of their dielectric con-
stants, are given in Table IV. The values shown are accurate
enough for most applications. The dielectric constants of
some materials (such as quartz, Styrofoam, and Teflon) do
not change appreciably with frequency.

Table 1V. Dielectric Constants of Materials

Dielectric Dielectric

Constant Constant
Material (Approx.) Material (Approx.)
Air 1.0 Nylon 3.4-22.4
Amber 2.6-2.7 Paper (dry) 1.5-3.0
Bakelite (asbestos base) 5.0-22 Paper (paraffin coated) 2.5-4.0
Bakelite (mica filled) 4.5-4.8 Paraffin (solid) 2.0-3.0
Beeswax 2.42.8 Plexiglass 2.6-3.5
Cambric (varnished) 4.0 Polyethylene 2.3
Celluloid 4.0 Polystyrene 2.4-3.0
Cellulose Acetate 3.1-45 Porcelain (dry process) 5.0-5.5
Durite 4.7-5.1 Porcelain (wet process) 5.8-6.5
Ebonite 2.7 Quartz 5.0
Fiber 5.0 Quartz (fused) 3.78
Formica 3.6-6.0 Rubber (hard) 2.0-4.0
Glass (electrical) 3.8-14.5 Ruby Mica 5.4
Glass (photographic) 7.5 Shellac (natural) 2.9-3.9
Glass (Pyrex) 4.6-5.0 Silicone (glass) (molding) 3.2-4.7
Glass (window) 7.6 Silicone (glass) (laminate) 3.7-4.3
Gutta Percha 2.4-2.6 Slate 7.0
Isolantite 6.1 Steatite (ceramic) 5.2-6.3
Lucite 2.5 Steatite (low loss) 4.4
Mica (electrical) 4.0-9.0 Styrofoam 1.03
Mica (clear India) 7.5 Teflon 2.1
Mica (filled phenolic) 4.2-5.2 Vaseline 2.16
Micarta 3.255 Vinylite 2775
Mycalex 7.393 Water (distilled) 34-78
Neoprene 4.0-6.7 Wood (dry) 1.4-2.9

51
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28. CONVERSION FACTORS

The following table lists the multiplying factors necessary
to convert from one unit of measure to another, and vice
versa. To use the table, locate the unit of measure you are
converting from or the one you are converting to in the first
column. Opposite this listing are the multiplying factors for
converting either unit of measure to the other unit of

measure.
Table V. Conversion Factors
Conversely,
To Convert Into Multiply by Multiply by
Acres Square feet 4.356 X 10* 2.296 X 107°
Acres Square meters 4047 2.471 X107
Acres Square miles 1.5625 X 107 640
Amperes Microamperes 10° 107
Amperes Micromicroamperes 10 107
Amperes Milliamperes 10° 10°°
Ampere-hours Coulombs 3600 2.778 X 10™*
Ampere-turns Gilberts 1.257 0.7958
Ampere-turns Ampere-turns per in. 2.54 0.3937
per cm.
Angstrom units Inches 3.937 X 10 2.54 X 10"
Angstrom units Meters 107" 10*
Bars Atmospheres 9.870 X 107 1.0133
Bars Dynes per sq. cm. 10" 107
Bars Pounds per sq. in. 14.504 6.8947 X 1077
Btu Ergs 1.0548 X 10* 9.486 X 107"
Btu Foot-pounds 778.3 1.285 X 107*
Btu Joules 1054.8 9.480 X 107*
Btu Kilogram-calories 0.252 3.969
Btu per hour Horsepower-hours 3.929 X 107 2545
Bushels Cubic feet 1.2445 0.8036
Calories, gram Joules 4.185 0.2389
Centigrade Celsius 1 1
Centigrade Fahrenheit (°C X 9/5) (°F — 32)
+ 32 = °F X5/9=°C
Centigrade Kelvin °C +273.1=°K | °K —273.
=°C
Chains (surveyor's) | Feet 66 1.515 X 10:2
Circular mils Square centimeters 5.067 X 107" 1.973 X 107
Circular mils Square mils 0.7854 1.273
Cubic feet Gallons (lig. U.S.) 7.481 0.1337
Cubic feet Liters 28.32 3.531 X 1072
Cubic inches Cubic centimeters 16.39 6.102 X 107%
Cubic inches Cubic feet 5787 X 107 1728
Cubic inches Cubic meters 1.639 X 107° 6.102 X 10*
Cubic inches Gallons (lig. U.S.) 4.329 X 107* 231
Cubic meters Cubic feet 35.31 2.832 X 107*
Cubic meters Cubic yards 1.308 0.7646
Cycles Kilocycles 107° 10°
Cycles Megacycles 10°° 10°
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Table V. Conversion Factors—(Cont’d)

Conversely,

To Convert Into Multiply by Multiply by
Degrees (angle) Mils 17.45 573 X107
Degrees (angle) Radians 1.745 X 1072 57.3
Dynes Pounds 2.248 X 10™° 4.448 X 10°
Ergs Foot-pounds 7.376 X 107 1.356 X 107
Fahrenheit Rankine °F+459.58=°"R °R—459.58=°F
Faradays Ampere-hours 26.8 3.731 X 107*
Farads Microfarads 10° 107
Farads Micromicrofarads 10" 1072
Farads Millifarads 10° 1078
Fathoms Feet 6 0.16667
Feet Centimeters 30.48 3.281 X 1072
Feet Meters 0.3048 3.281
Feet Mils 12X 10 8.333 X 10°°
Foot-pounds Gram-centimeters 1.383 X 10* 1.235 X 10°°
Foot-pounds Horsepower-hours 5.05 X107 1.98 X 10°
Foot-pounds Kilogram-meters 0.1383 7.233
Foot-pounds Kilowatt-hours 3.766 X 1077 2.655 X 10°
Foot-pounds Ounce-inches 192 5.208 X 107
Gallons (liq. U.S.) Cubic meters 3.785 X 1072 264.2
Gallons (lig. U.S.) Gallons(liq. Br.Imp.) 0.8327 1.201
Gausses Lines per sq. cm. 1.0 1.0
Gausses Lines per sq. in. 6.452 0.155
Gausses Webers per sq. in. 6.452 X 107" 1.55 X 107
Grams Dynes 980.7 1.02 X 107°
Grams Grains 15.43 6.481 X 1072
Grams Ounces (avdp.) 3.527 X 1072 28.35
Grams Poundals 7.093 X 107* 14.1
Grams per cm. Pounds per in. 5.6 X107° 178.6
Grams per cu. cm. Pounds per cu. in. 3.613 X 1072 27.68
Henries Microhenries 10° 10°
Henries Millihenries 10° 107
Horsepower Btu per minute 42.418 2.357 X 1072
Horsepower Foot-lbs. per minute 3.3X 10! 3.03 X 107°
Horsepower Foot-lbs. per second 550 1.182X107°
Horsepower Horsepower (metric) 1.014 0.9863
Horsepower Kilowatts 0.746 1.341
Inches Centimeters 2.54 0.3937
inches Feet 8.333 X 107 12
Inches Meters 2.54 X107 39.37
Inches Miles 1.578 X 107* 6.336 X 10*
Inches Mils 10° 107
Inches Yards 2.778 X 107* 36
Joules Foot-pounds 0.7376 1.356
Joules Ergs 10° 1077
Joules Watt-hours 2.778 X 107™* 3600
Kilograms Tonnes 10° 107
Kilograms Tons (long) 9.842 X 10 1016
Kilograms Tons (short) 1.102 X 107* 907.2
Kilograms Pounds (avdp.) 2.205 0.4536
Kilograms per sq. Pounds per sq. feet 0.2048 4.882

meter
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Table V. Conversion Factors—(Cont'd)
Conversely,

To Convert Into Muhtiply by Multiply by
Kilometers Feet 3281 3.408 X 107*
Kilometers Inches 3.937 X 10* 2.54 X 107°
Kilometers Light years 1.0567 X 107% 9.4637 X 10"
Kilometers per hr. Feet per minute 54.68 1.829 X 1072
Kilometers per hr. Knots 0.5396 1.8532
Kilowatt-hours Btu 3413 293X 10
Kilowatt-hours Foot-pounds 2.655 X 10° 3.766 X 1077
Kilowatt-hours Joules 3.6 X 10" 2.778 X 1077
Kilowatt-hours Horsepower-hours 1.341 0.7457
Kilowatt-hours Pounds water evap- 3.53 0.284

orated from and
at 212°F.

Kilowatt-hours Watt-hours 10° 107
Knots Feet per second 1.688 0.5925
Knots Meters per minute 30.87 0.0324
Knots Miles per hour 1.1508 0.869
Lamberts Candles per sq. cm. 0.3183 3.142
Lamberts Candles per sq. in. 2.054 0.4869
Leagues Miles 3 0.33
Links Chains 0.01 100
Links (surveyor’s) Inches 7.92 0.1263
Liters Bushels (dry U.S.) 2.838 X 10~* 35.24
Liters Cubic centimeters 10° 107
Liters Cubic meters 107° 10°
Liters Cubic inches 61.02 1.639 X 1072
Liters Gallons (lig. U.S.) 0.2642 3.785
Liters Pints (lig. U.S.) 2.113 0.4732
loge N Logie N 0.4343 2.303
Lumens per sq. ft. Foot-candles 1 1
Lux Foot-candles 0.0929 10.764
Maxwells Kilolines 10°° 10°
Maxwells Megalines 10°¢ 10°
Maxwells Webers 107 10°
Meters Centimeters 10* 107
Meters Feet 3.28 30.48 X 107*
Meters Inches 39.37 2.54 X 1072
Meters Kilometers 107 10°
Meters Miles 6.214 X 107* 1609.35
Meters Yards 1.094 0.9144
Meters per minute Feet per minute 3.281 0.3048
Meters per minute Kilometers per hour 0.06 16.67
Mhos Micromhos 10" 107
Mhos Millimhos 10° 107
Microfarads Micromicrofarads 10" 107
Miles (nautical) Feet 6076.1 1.646 X 107*
Miles (nautical) Meters 1852 54X10™
Miles (statute) Feet 5280 1.894 X 107*
Miles (statute) Kilometers 1.609 0.6214
Miles (statute) Light years 1.691 X 107 5.88 X 10"
Miles (statute) Miles (nautical) 0.869 1.1508
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Table V. Conversion Factors—(Cont'd)

Conversely,

To Convert Into Multiply by Multiply by
Miles (statute) Yards 1760 5.6818 X 107*
Miles per hour Feet per minute 88 1.136 X 107*
Miles per hour Feet per second 1.467 0.6818
Miles per hour Kilometers per hour 1.609 0.6214
Miles per hour Knots 0.8684 1.152
Milliamperes Microamperes 10° 107%
Millihenries Microhenries 10° 1073
Millimeters Centimeters 0.1 10
Millimeters Inches 3.937 X 107 25.4
Millimeters Microns 10° 107
Millivolts Microvolts 10° 107
Mils Minutes 3.438 0.2909
Minutes (angle) Degrees 1.666 X 107% 60
Nepers Decibels 8.686 0.1151
Newtons Dynes 10° 107°
Newtons Pounds (avdp.) 0.2248 4.448
Ohms Milliohms 10° 107°
Ohms Micro-ohms 10° 107
Ohms Micromicro-ohms 10" 107%

Ohms Megohms 107 10°

Ohms Ohms{International) 0.99948 1.00052

Ohms per foot Ohms per meter 0.3048 3.281

Qunces (fluid) Quarts 3.125 X107 32

Ounces (avdp.) Pounds 6.25 X 1072 16

Picofarad Micromicrofarad 1 1

Pints Quarts {liq. U.S.) 0.50 2

Pounds (force) Newtons 4.4482 0.2288

Pounds carbon Btu 14,544 6.88 X 107
oxidized

Pounds carbon Horsepower-hours 5.705 0.175
oxidized

Pounds carbon Kilowatt-hours 4.254 0.235
oxidized

Pounds of water Cubic feet 1.603 X 1072 62.38

(dist.)

Pounds of water Gallons 0.1198 8.347

(dist.)

Pounds per sq. in. Dynes per sq. cm. 6.8946 X 10* 1.450 X 107°
Poundals Dynes 1.383 X 10* 7.233 X 107°
Poundals Pounds (avdp.) 3.108 X 1072 32.17
Quadrants Degrees 90 1111 X 1072
Quadrants Radians 1.5708 0.637
Radians Mils 10° 107

Radians Minutes 3.438 X 10° 2.909 X 107*
Radians Seconds 2.06265 X 10° 4.848 X 107°
Rods Feet 16.5 6.061 X 1072
Rods Miles 3.125X 107 320

Rods Yards 5.5 0.1818

Rpm Degrees per second 6.0 0.1667

Rpm Radians per second 0.1047 9.549
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Table V. Conversion

Factors—{Cont‘d)

Conversely,
To Convert Into Multiply by Multiply by
Rpm Rps 1.667 X 107* 60
Square feet Acres 2.296 X 107 43,560
Square feet Square centimeters 929.034 1.076 X 107°
Square feet Square inches 144 6.944 X 107°
Square feet Square meters 9.29 X107 10.764
Square feet Square miles 3.587 X 10°® 27.88 X 10°
Square feet Square yards 11.11 X107 9
Square inches Circular mils 1.273 X 10" 7.854 X 1077
Square inches Square centimeters 6.452 0.155
Square inches Square mils 10° 10°°
Square inches Square millimeters 645.2 1.55 X 107
Square kilometers Square miles 0.3861 2.59
Square meters Square yards 1.196 0.8361
Square miles Acres 640 1.562 X 107*
Square miles Square yards 3.098 X 10° 3.228 X 1077
Square millimeters | Circular mils 1973 5.067 X 107
Square millimeters | Square centimeters .01 100
Square mils Circular mils 1.273 0.7854
Tons (long) Pounds {avdp.) 2240 4.464 X 10~
Tons (short) Pounds 2,000 5X10™
Tonnes Pounds 2204.63 4.536 X 107
Varas Feet 27777 0.36
Volts Kilovolts 10° 10°
Volts Microvolts 10° 107"
Volts Millivolts 10° 107
Watts Btu per hour 3.413 0.293
Watts Btu per minute 5.689 X 107 17.58
Watts Ergs per second 107 107
Watts Foot-lbs per minute 44.26 2.26 X 107
Watts Foot-lbs per second 0.7378 1.356
Watts Horsepower 1.341 X 107 746
Watts Kilogram-calories 1.433 X 1072 69.77
per minute
Watts Kilowatts 107 10°
Watts Microwatts 10° 107
Watts Milliwatts 10° 107
Watt-seconds Joules 1 1
Webers Maxwells 10" 107
Webers per sq. Gausses 10* 107
meter
Yards Feet .3333
Yards Varas 1.08 0.9259
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29. METRIC PREFIXES
(A) Unit Prefixes

The metric system, whereby a different prefix is assigned
for each order of magnitude, is particularly suited for
electronic values. In 1958 the International Committee on
Weights and Measures assigned prefixes for the ninth and
twelfth orders of magnitude (both positive and negative).
(See Table VI.) This system eliminates the cumbersome
double prefixes (micromicro-,”’ ‘kilomega-,” etc. In 1959
the National Bureau of Standards began using these terms;
however, acceptance by industry in the United States has
been slow, particularly in using the newer term “picofarad”
instead of “micromicrofarad.”

Table VI. Metric Prefixes

Multiple Prefix Abbreviation Multiple Prefix Abbreviation

10" tera- T 107" deci- d
10° giga- G 107 centi- c
10° mega- M 10™ milli- m
104 myria- My 107" micro- m
10° kilo- K 107" nano- n
10° hecto- H 107" pico- p
10 deka- D

(B) Conversion Table

Table VII gives the number of places, and the direction,
the decimal point must be moved to convert from one metric
notation to another. The value labeled “units” is the basic
unit of measurement—e.g., ohms, farads, etc. To use the
chart, find the desired value in the left-hand column; then
follow the horizontal line across to the column with the pre-
fix in which the original value is stated. The number and
arrow at this point indicate the number of places and the
direction the decimal point must be moved to change the
original value to the desired value.



Table VII. Metric Conversion Table

Desired Original Value

Value Tera- Giga- | Mega- | Myria- Kilo- Hecto- Deka- Units 1 _Deci- Centi- Milli- Micro- —T‘E\o-_ Pico-
Tera- «~ 3 «— 6 <~ 8 «— 9 <10 <11 <12 <13 <14 <15 <18 <21 <24
Giga- 3— «~ 3 «— 5 «— 6 «— 7 <~ 8 «— 9 <10 <11 <12 <15 <18 <21
Mega- 6—> 3— <~ 2 <~ 3 <~ 4 <5 «— 6 «— 7 < 8 <9 <12 <15 <18
Myria- 8— 5— 2—> «— 1 «— 2 <~ 3 «— 4 «— 5 «— 6 «— 7 <10 <13 <16
Kilo- 9—> 6—> 3= 1— — 1 «— 2 «— 3 «— 4 «— 5 «— 6 «— 9 <12 <15
Hecto- 10— 7— 4—> 2— 1— Al «— 2 <« 3 — 4 «— 5 <~ 8 <11 <14
Deka- 1M— 88— 5— 3— 2— 1— «— 1 «— 2 «— 3 <~ 4 «— 7 <10 <13
Units 12— 9—> 6—> 47— 33— 2— 1— «— 1 — 2 <~ 3 <~ 6 «— 9 <12
Deci- 13— 10— 7— 5— 4> 3— 2— 1— — 1 <~ 2 < 5 < 8 Al B
Centi- 14— 11— 8—> 6—> 5— 4—> 33— 2— 1— «— 1 — 4 «— 7 <10
Milli- 15— 12— 9— 7—> 6—> 5— 4—> 33— 2— 1— 3 «— 6 «— 9
Micro- 18— 15— 12— 10— 9—> 88— 7— 6—> 5— 44— 3— <~ 3 <~ 6
Nano- 21— 18— 15— 13— 12— 11— 10— 9—> 88— 7— 6—> 33— «— 3
Pico- 24— 21— 18— 16— 15— 14— 13— 12— 11— 10— 9—> 6—> 33—

8¢S
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30. STANDARD FREQUENCIES AND TIME SIGNALS

(A) WWYV and WWVH

Time signals, audio frequencies, and a 36-digit binary
timing code are broadcast continuously day and night from
WWYV, operated by the National Bureau of Standards near
Washington, D.C. The WWV broadcast frequencies are 2.5,
5, 10, 15, 20, and 25 megacycles ; and its modulation consists
of 1-cps pulses and 440- and 600-cps tones. A similar station,
WWVH, is located at Maui, Hawaii. It broadcasts on fre-
quencies of 5, 10, and 15 megacycles.

Signals from WWYV and WWVH are coordinated with Sta-
tions GBR and MSF at Rugby, England, and Station NBA
in the Canal Zone. This coordination provides a more uni-
form system of time and frequency transmissions through-
out the world. It also aids in the solution of many scientific
and technical problems such as radiocommunications, ge-
odesy, and tracking of artificial satellites.

WWYV is silent for a four-minute period beginning ap-
proximately 45 minutes after each hour. The WWVH trans-
missions are silent for a four-minute period beginning ap-
proximately 15 minutes after the hour, and for 34 minutes
beginning at 1900 Universal Time.

The frequencies transmitted from WWYV and WWVH are
accurate to within 1 part in 10 billion.

The drawing in Fig. 54 shows a breakdown of the trans-
missions during each hour. Each small division represents
1 minute; each large division, 5 minutes.

The audio-frequeney signals are transmitted from WWV
for precisely two minutes at the beginning of each five-
minute period except at the beginning of each hour, when
the transmission is for three minutes, and at 45 minutes
after the hour when WWYV is silent. The audio-frequency
signal from WWYVH is for precisely three minutes during
the periods indicated in Fig. 54.

The timing code (a 36-bit, 100-pulses-per-second code car-
ried on 1,000-cps modulation) is broadcast for one-minute
intervals, 10 times per hour. This timing code is indicated by
the shaded area in Fig. 54, and immediately follows the 440-
and 600-cps modulation except at the beginning of each hour.
The 440- and 600-cps modulations are alternated as shown
in Fig. 54.
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The code is binary-coded decimal (BCD), as shown in
Fig. 55, and contains the time-of-year information (in Uni-
versal Time) in seconds, minutes, hours,.and days. The code
consists of nine binary groups each second, as shown in
Fig. 55A. The groups appear in the following order: two
groups for seconds, two for minutes, two for hours, and
three for day of year. The expanded drawing at the bottom
of Fig. 55A shows the make-up of the pulse code. A “0” pulse
is 2 milliseconds long (or 2 cycles at 1,000 eps), and the “1”
pulse is 6 milliseconds (6 cycles at 1,000 cps). The code is
locked in phase with the frequency and time signals.

A complete time frame is 1 second. Fig. 556B shows the
make-up of a typical time code. The time code is amplitude-

* One Minute Announcement interval (See Fig. 56).
t North Atlantic Propagation Notice ~-WWV.

1 North Pacific Propagation Notice—WWVH.

° IWDS Warning—WWV.,

®* IWDS Warning—WWVH.

WWVH Silent Between 1900 and 1934 Universal Time
Fig. 54



Time Frame (one second)
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2 my) e (6 ms)

36 Binary Digit 100 PPS Cade (1000-cps Carrier)
{Without 100 PPS Index Merkers)

Fig. 55A
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50 Seconds 23 Minutes 10 Hours Day (121)
Reference Time is Day 121, 10 Hours, 23 Minutes, 50 Seconds.

@ One Second Reference Marker.
% 0.31 Index Marker.

+ 100 PPS Index Marker.

* Usused Bit.

36 Binary Digit, 100 PPS Code

Fig.55B
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modulated on 1,000 cps. The leading edge of the time-code
pulses coincide with the zero axis of the positive-going 1,000-
cps signal. The least significant binary group and least sig-
nificant binary digit in each group occur first. The binary
groups follow the 1-second reference marker. The start time
occurs at the leading edge of all pulses.

The BCD contains a 100-per-second clocking rate, 10-per-
second index markers, and 1-per-second reference markers.
The 1,000-cps signal is locked to the code pulses so that milli-
second resolution can be obtained easily.

The 10-per-second index markers consist of “1” pulses
preceding each code group except at the beginning of the
second, where there is a “0” pulse.

Each second begins at the leading edge of the “0” pulse,
as shown in Fig. 55.

The 1-second reference marker is made up of five “1”
pulses followed by a “0” pulse.

The code is spaced so that it follows each of the 10-per-
second index markers. The last index marker is followed
by an unused four-bit group of “0” pulses immediately pre-
ceding the 1-second reference marker.

A five-millisecond pulse spaced at intervals of one second
is also transmitted. The pulse transmitted by WWYV con-
sists of five cycles of a 1,000-cycle tone. The pulse trans-
mitted by WWVH consists of six cyeles of a 1,200-cycle
tone. The 440- and 600-cps tone signal is interrupted for .04
second for each seconds pulse. The pulse starts .01 second
after commencement of the interruption, and resumes .025
second after the pulse. For identification, the fifty-ninth
second pulse is omitted, and the zero-second pulse is fol-
lowed by another pulse 100 milliseconds later.

A voice announcement of Eastern Standard Time and call
letters is given each five minutes from station WWYV. This
is followed by a telegraph-code announcement of Universal
Time and another voice announcement of Eastern Standard
Time. WWVH broadcasts call letters and Universal Time
(UT) in telegraphic code only. The time given is the time
at the resumption of the tone.

The drawing in Fig. 56 shows a breakdown of the trans-
missions during the one-minute announcement intervals
marked with an asterisk (*) in Fig. 54. Each division on
this drawing represents one second.
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During announcement intervals at 193 and 49 minutes
past every hour, propagation notices applying to transmis-
sion paths over the North Atlantic are transmitted from
WWYV. Similar forecasts for the North Pacific are trans-
mitted from WWVH, during announcement intervals, at 9.4
and 39.4 minutes after the hour.

These notices, in telegraphic code, consist of a letter fol-
lowed by a number. The letter signifies the propagation
conditions at the time of the broadcast. The following desig-
nations are used:

| ] Universal Time and Call Letters (Code).

(I} 1WDS Warning (Code) — WWYV. (4.3 and 34.3 Minutes A fter
Hour Only.)

North Pacific Propagation Forecast. (Approx. 9.4 and 39.4
Minutes After Hour Only.)

IWDS Warning (Code) —WWVH. (Approx. 14.4 and 44.4
Minutes After Hour Only.)

North Atlantic Propagation Forecast. (19.5 and 49.5 Minutes
After Hour Only.)

Ul Call Letters and EST (Voice) — UT (Code) —EST (Voice).
Fig. 56
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N—Normal U—Unsettled W—Disturbance

The number following the letter applies to expected propa-
gation conditions during the subsequent 6 or more hours.
The following designations are used:

1—Useless 4—Poor to Fair T—Good
2—Very Poor 5—Fair 8—Very good
3—Poor 6—Fair to Good 9—Excellent

At 4.3 and 34.8 minutes past the hour on WWYV, and at ap-
proximately 14.4 and 44.4 minutes past the hour on WWVH,
the IWDS (International World Day Service) warning is
broadcast. This message reveals to experimenters in radio,
geophysical, and solar sciences the content of the warning
message issued at 1600 UT by the world warning agency on
days when an outstanding geophysical event has occurred
during the preceding 24 hours. This message is first broad-
cast at 1604.3 UT on WWV and at 1714.4 UT on WWVH.

If the IWDS warning declares an alert, the letters AGI
AAAA are broadcast very slowly in code. This means that
a significant magnetic storm has started or that an out-
standing auroral display or increase in cosmic-ray flux has
been reported or observed.

If a special world interval is in progress, the code letters
AGI are followed by three extra-long dashes. This again in-
dicates that an alert has been declared and that the geophys-
ical activity is of sufficient interest to warrant special atten-
tion and intensified observations. Special world intervals
usually last two or three days.

When there is no ‘“‘state of alert” or “special world inter-
val” in progress, the letters AGI EEEEE are broadcast.

(B) CHU

The Dominion Observatory at Ottawa, Canada, broad-
casts time signals which can be heard throughout the North
American continent and many other parts of the world. The
frequencies are 3,330, 7,335, and 14,670 ke, and the trans-
mission is continuous on all frequencies. The 3,330-kc trans-
mitter has a power of 0.75 kw and the other two, 3 kw.

The frequencies are synthesized from a 100-ke crystal
oscillator which is maintained accurate to within a few parts
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in one billion. The “seconds” pips are also derived from this
same oscillator and consist of 200 cycles of a 1,000-cps tone.

The “seconds” pips are broadcast continuously except for
the 29th and the 51st through 59th pips, which are omitted
each minute. In addition, the 1st to 29th pips are omitted
during the first minute of the hour. The beginning of the pip
marks the exact second. The zero pip has a duration of 0.5
second instead of the 0.2 second of the other pips.

During the first half-minute of each hour, CHU CANADA
CHU is transmitted in code.

A voice announcement of the time is given each minute
during the 10-second interval between the 50th and 60th
second when the pips are omitted. The announcement is as
follows: “CHU, Dominion Observatory Canada, Eastern
Standard Time, hours, minutes.” The time
given refers to the beginning of the minute pip which fol-
lows, and is on the 24-hour system.

(C) Other Standards Stations

Throughout the world, there are many other stations
which broadcast similar data. Table VIII lists some of them,
and other data about stations operating on the standards
frequencies. Table IX lists some other stations in the LF
and VLF bands which broadcast similar data, but not on
the frequencies assigned for standard-frequency operation.

31. FREQUENCY AND OPERATING POWER TOLERANCES

(A) AM Broadcast

The operating frequency tolerance of each station shall be
maintained within =20 cycles of the assigned frequency.

The operating power of each AM broadcast station shall
be maintained as near as practicable to the licensed power
and shall not exceed the limits of 5 per cent above and 10
per cent below the licensed power except in emergencies.

(B) FM Broadcast

Operating frequency tolerance of each station shall be
maintained within =2,000 cycles of the assigned center fre-
quency.



Table VIII. Other Standards Stations

Call
Sign Location Carrier Freq. (m¢) Modulation (cps) Power (kw)
ATA New Delhi, India 10 1; 1000 1.0
FFH Paris, France 2.5; 5,10 1; 440; 1000 0.3
HBN Neuchatel, Switzerland 2.5;5 1; 500 0.5
1AM Rome, Italy 5 1; 440; 600; 1000 1.0
1BF Turin, Italy 5 1; 440; 1000 0.3
Yy Tokyo, Japan 2.5;5;10; 15 1; 440; 1000 2.0
LoL Buenos Aires, Argentina 2.5;5;10;15; 20; 25 1; 440; 1000 2.0
MSF Rugby, England 2.5;5;10 1; 1000 0.5
OMA Prague, Czechoslovakia 2.5 1; 1000 1.0
ZLFS Lower Hutt, New Zealand 25 1 === —-—-- 0.03
ZUo Olifantsfontein, South Africa 5 1 4.0
wwvL Fort Collins, Colorado 20k ] =—=—-—=—-— 1.0
Table IX. LF and VLF Stations
Call
Sign Location Carrier Freq. (kc) Modulation (cps) Power (kw)
wWWwWVB Fort Collins, Colorado o | - 5
DCF77 Federal German Republic 77.5 1; 200; 440 12
OMA Czechoslovakia g | Ss=ssss 5
GBR Rugby, England 6 ] =m——-—— 300
MSF Rugby, England 60 1; 1000 10
NBA Canal Zone (U. S. Navy) 18 1 100

99
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The operating power of each station shall be maintained
as near as practicable to the authorized operating power
and shall not exceed the limits of 5 per cent above and 10
per cent below the authorized power except in emergencies.

(C) TV Broadcast

The carrier frequency of the visual transmitter shall be
maintained within %1,000 cycles of the authorized carrier
frequency.

The center frequency of the aural transmitter shall be
maintained 4.5 megacycles =1,000 cycles above the visual
carrier frequency.

The peak power shall be monitored by a peak-reading de-
vice which reads proportionally to voltages, current, or
power in the radio-frequency line. The operating power as
so monitored shall be maintained as near as practicable to
the authorized operating power and shall not exceed the
limits of 10 per cent above and 20 per cent below the author-
ized power except in emergencies.

The operating power of the aural transmitter shall be
maintained as near as practicable to the authorized oper-
ating power, and shall not exceed the limits of 10 per cent
above and 20 per cent below the authorized power except
in emergencies.

(D) Industrial Radio Service

The carrier frequency of stations operating below 220
megacycles in the Industrial Radio Service shall be main-
tained within %.01% of the authorized power for stations
of 3 watts or less, and %.005% for stations with an author-
ized power of more than 3 watts. The frequency tolerance
of Industrial Radio Service stations operating between 220
and 1,000 megacycles is specified in the station authorization.

(E) Citizens-Band Radio

The maximum plate power input to the anode (plate) cir-
cuit of the electron tube or tubes which supply energy to the
radiating system of a station in this service shall not exceed
the values given in Table X.
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Table X. Power Limits of Citizens-Band Stations

Maximum Plate Power Input
{(Watts)

Class of Station

60

5

5%

5

* A maximum plate power input of 30 watts is permitted on 27.255 mc only.

The carrier frequency of a station in this service shall be
maintained within the percentages of authorized frequency
given in Table XI.

Table XI. Frequency Tolerances of Citizens-Band Stations

Maximum Avthorized Plate TF:equencoy/o
Power Input ° eran? I
Class (Watts) Fixed and Base Mobile

A 3 or less .001 .005
A Over 3 .001 .001
B 3 or less -— 5

B Over 3 - — 3

G 5 or less* - — .005
C Over 5 (27.255 mc only) —_— .005
D 5 or less - .005

* Class-C stations which have a plate power input of 3 watts or less and are used
solely for remote control of objects or devices by radio (other than devices used solely
as a means of attracting attention) are permitted a frequency tolerance of 0.01%.

32. COMMERCIAL OPERATOR LICENSES

The classes of commercial radio operator licenses issued
by the Federal Communications Commission are classified
basically as radiotelegraph and radiotelephone licenses.

(A) Examination Elements

Written examinations are composed of questions from
various categories called elements. These elements, and the
types of questions in each, are:
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Element 1.

Element 2.

Element 3.

Element 4.

Element 5.

Element 6.

Element 7.

Element 8.

Basic Law. Provisions of laws, treaties, and regu-
lations with which every operator should be fa-
miliar.

Basic Operating Practice. Radio operating proce-
dures and practices generally followed or required
in communicating by means of radiotelephone sta-
tions.

Basic Radiotelephone. Technieal, legal, and other
matters applicable to the operation of radiotele-
phone stations other than broadcast.

Advanced Radiotelephone. Advanced technical,
legal, and other matters particularly applicable
to the operation of the various classes of broad-
cast stations.

Radiotelegraph Operating Practice. Radio oper-
ating procedure and practices generally followed
or required in communicating by means of radio-
telegraph stations primarily other than in the
maritime mobile services of public correspond-
ences.

Advanced Radiotelegraph. Technical, legal, and
other matters applicable to the operation of all
classes of radiotelegraph stations, including op-
erating procedures and practices in the maritime
mobile services of public correspondences, and
associated matters such as radionavigational aids,
message traffic routing and accounting, ete.

Aireraft Radiotelegraph. Basic theory and prac-
tice in the operation of radiocommunications and
radionavigational systems aboard aircraft.

Ship Radar Techniques. Specialized theory and
practice applicable to the proper installation,
servicing, and maintenance of ship radar equip-
ment in general use for marine navigational pur-
poses.

(B) Examination Requirements

Applicants for licenses must be able to transmit and re-
ceive spoken messages in English, and be able to pass the
examination elements required for the license. The require-
ments for the various licenses are:
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1. Radiotelephone second-class operator licenses. Written
examination elements 1, 2, and 3.

2. Radiotelephone first-class operator licenses. Written
examination elements 1, 2, 3, and 4.

3. Radiotelegraph second-class operator license. Trans-
mitting and receiving code test of 16 code groups per
minute. Written examination elements 1, 2, 5, and 6.

4. Radiotelegraph first-class operator license. Transmit-
ting and receiving code test of 25 words per minute in
conversational language and 20 groups per minute in
code. Written examination elements 1, 2, 5, and 6.

5. Radiotelephone third-class operator permit. Written
examination elements 1 and 2.

6. Radiotelegraph third-class operator permit. Transmit-
ting and receiving code test of 16 code groups per min-
ute. Written examination elements 1, 2, and 5.

33. AMATEUR OPERATOR PRIVILEGES

(A) Examination Elements

Examinations for amateur operator privileges are com-
posed of questions from various categories, called elements.
The various elements and their requirements are:

Element 1(A): Beginner’s Code Test. Code test at 5 words
per minute.

Element 1(B): General Code Test. Code test at 13 words per
minute.

Element 1(C): Expert’s Code Test. Code test at 20 words
per minute.

Element 2:  Basic Amateur Practice. Amateur radio op-
eration and apparatus, including radiotele-
phone and radiotelegraph.

Element 3(A): Basic Law. Rules and regulations essential
to beginners’ operation, including sufficient
elementary radio theory to understand these
rules.

Element 3(B): General Regulations. Provisions of treaties,
statutes, and rules and regulations affecting
all amateur stations and operators.

Element 4(B): Advanced Amateur Practice. Advanced ra-
dio theory and operation applicable to mod-
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ern amateur techniques, including—but not
limited to—radiotelephony, radiotelegraphy,
and transmission of energy for (1) measure-
ments and observations applied to propaga-
tion, (2) radio control of remote objects, and
(3) similar experimental purposes.

(B) Examination Requirements

Applicants for original licenses will be required to pass
examinations as follows:

1. Amateur Extra Class. Elements 1(C), 2, 3(B), and
4(B).

2. General Class. Elements 1(B), 2, and 3(B).

3. Conditional Class. Elements 1(B), 2, and 3(B).

4. Technician Class. Elements 1(A), 2, and 3(B).

5. Novice Class. Elements 1(A) and 3(A).

Note: Examinations for licenses (1) and (2) above must
be given by an FCC examiner. The examinations for licenses
(3), (4), and (5) are taken by mail, under the supervision
of a volunteer examiner.

34. AMATEUR ("HAM") BANDS

The various bands of frequencies used by amateur radio
operators (“hams”) are usually referred to in meters in-
stead of the actual frequencies. The number of meters ap-
proximates the wavelength at the band of frequencies being
designated. The meter bands and their frequency limits are
given in Table XII. (Note: Frequencies between 220 and 225
me are sometimes referred to as 1Y meters, and between
420 and 450 meters as 34 meter.)

Table XII. “Ham” Bands

Frequency
Band (mc)
80 Meters 3.5—4.0
40 Meters 7.0~7.3
20 Meters 14.0—-14.35
15 Meters 21.0—21.45
10 Meters 28.0—29.7
6 Meters 50—54
2 Meters 144—148




Table XIIl. Types of Emission

Type of Modulation Type of Transmission Supplementary Characteristics Symbol
1. Amplitude Absence of any modulaton ~  ==00l| ———————— = ——————— A0
Telegraphy without the use of modulating | ———————————————— Al
audio frequency (on-off keying)
Telegraphy by the keying of a modulating | ———— - —— = — — = ———— A2
audio frequency or frequencies or by the
keying of the modulated emission (special
case: an unkeyed modulated emission)
Double sideband, full carrier A3
Telephony Single sideband, reduced carrier A3a
Two independent sidebands, reduced car- A3b
rier
Facsimite”®” | emmm e ————— — — - — — = A4
Television | memem e e e — = = = = - = — = A5
Composite transmissions, and cases notcov: | —— —— —— —— — — — — — — — — A9
ered by the above
Composite transmissions Reduced carrier A%c
2. Frequency (or phase) Absence of any modulaton =000 | ———————————————— FO
modulated — —
Telegraphy without the use of modulating | ————————————— —— — Fl

audio frequency (frequency shift keying)

TL
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Telegraphy by the keying of a modulating | — — — — — 0 — — — . F2
audio frequency or audio frequencies or
by the keying of the modulated emission
(special case: an unkeyed emission modu-
lated by audio frequency)
Telephony | e — F3
Facstmile | e - F4
Television | —— F5
Composite transmissions and cases not cov- | — — — — — — — — — — — _ _ _ _ _ F9
ered by the above
3. Pulsed emissions Absence of any modulation carrying infor- | @ — — — — — — — — — — o~ _ . _ _ PO
mation
Telegraphy without the use of modulating | —— — — — — — — — — — — — _ _ P1
audio frequency
Audio frequency or frequencies modulat- P2d
ing the pulse in amplitude
Tele.graphy 37 ) L) G © Gl iy Audio frequency or frequencies modulat- P2c
auvdio frequency or of the modulated pulse . L
s ing the width of the pulse
(special case: an unkeyed modulated pulse)
Audio frequency or frequencies modulat- P2f
ing the phase (or position) of the pulse
Amplitude-modulated pulse P3d
Telephony Width-modulated pulse P3e
Phase-(or position-) modulated pulse P3f
Composite transmissions and cases not cov- | — — — — — — — — — — — —~ _ _ _ _ P9

ered by the above

SQYVANYLS ANV SINVISNOD
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35. TYPES OF EMISSIONS

Emissions are classified according to their modulation,
type of transmission, and supplementary characteristics.
These classifications are given in Table XIII on pages 72
and 73. When a full designation of the emissions—including
bandwidth—is necessary, the symbols in Table XIII are pre-
fixed by a number indicating the bandwidth in kilocycles.
Below 10 ke, this number is given to two significant figures.

36. TELEVISION CHANNEL FREQUENCIES

The chart in Fig. 57 (page 75) lists the frequency limits
of all television channels and the frequency of the picture
and sound carriers of each channel.

37. TELEVISION SIGNAL STANDARDS

The signal standards for television broadcasting are given
in Figs. 58A and B (pages 76 and 77). Note: The standards
given here are for color transmission. For monochrome
transmission, the standards are the same except the color
burst signal is omitted. Also, for color the vertical and hori-
zontal scanning frequencies are 59.94 and 15,734.264 cps,
respectively; for monochrome they are 60 and 15,750 cps.

38. AUDIO-FREQUENCY SPECTRUM

The audio-frequency spectrum is generally accepted as
extending from 15 cps to 20,000 cps. Fig. 60 (page 79) gives
the frequencies for each tone of the standard keyboard,
based on the current musical piteh of A = 440 eps. Fig. 59
(page 78) shows the frequency range of various musical
instruments and of other sounds. The frequency range
shown for each sound is the range needed for faithful repro-
duction, and ineludes the fundamental frequency and the
necessary harmonie frequencies. The frequency range of the
human ear, and the various broadcasting and recording
media, are also included in Fig. 59.

39. RADIO-FREQUENCY SPECTRUM

(A) Frequency Classification

The radio-frequency spectrum from 3 ke to 3,000,000 mc
is divided into the various bands (shown in Table XIV on
page 78) for easier identification.
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Television Channel Frequencies
Channel  Freq. 542 716
No. Limits ; gj;;g 26 o ';7 ;;]732 55 122
P 9 ROy 554 5 72175 56 -
12 60 P 355525 28 P 729.25 57
6;'72 3 S 55975 560 § 73375 &7 734
565 S 66 P 6125 P 73525
P 6725 4 S 56575 29 566 S 739.75 58 740
SR 72 b 6725 30 P 741.25T
S 571.75 572 S 74575 746
P 7725 76 ; 2;332 31 578 ; ;21732 60 752
S 81.75 5 8 P 57925 7 P 753.25
P 8325 2 5 sm375 32 sg4 S 75775 O 61 758
s 8775 6 88 P 58525 P 75925 ge 2
s 58975 33 590 5768 75L 764
: P 2
g 7 S 5575 34 o 5 7ers 63
B9 75 180 5 iz 35 . 5 nn 64
s i85 8 Y T
P 18728 186 s 40775 608 5 78175 782
[ 131,‘75 9 P 609.25 37 P 783.25 66
P 10328 192 s 41375 614 S 78775 788
swors 10 0 L3238 0 ImE 67 .,
soos 11 o0 D8 39 0 1% 68 o
s 275 12 0 T 2540 Loz 69 g0
¢ 22 13 P 63325 632 o o
SEM215°75 216 s ev7s 41 638 S 81175 . 70 812
P 63925 A9 P 81325 - 71
470 5 64375 644 5 81775 818
P 47125 14 P 64525 43 P 81925
S 47575 476 S 649.75 650 S 82375 2 824
P 477.25 P 651.25 P 82525
s 4175 15 482 S 65575 A4, 656 5 82975 73 830
P 48325y P 657.25 45 P 831.25
S 48775 488 S 661.75 662 S 835.75 74 836
P 48925 4o P 66325 46 P 837.25 75;
S 49375 A 494 S 667.75 668 S 841.75 842
P 4525 19 P 66925 puy P 84325 g
S 499.75 500 S 67375 674 S 84775 848
P 501.25 19 P 67525 48 P 849.35 77
S 505.75 506 S 67975 680 $ 853.75 854
P 507.25 20 P 681.25 49 P 855.25 78
S 511.75 512 S 685.75 686 § B859.75 860
P 51325 P 687.25 50 P 86125 9g
s 517.75 518 S 69175 V 692 s 86575 866
s k75 22 oy 5 anzs 51 o0 L% 8O o
S 52075 23 0 5 sa7s 52 704 5 o775 81 g
s S50 24 s 70675 53 S sea7s 82
P 537.25 536 P 71125 ey P 25 884
s 54175 25 s 71575 94 s ssors 83
542 716 890

P = Picture Carrier Freq.

$ = Sound Carrier Freq.
Fig. 57

All frequencies in mc.
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Television Signal Standards
EQUALIZING VEgTICAL EQUALIZING

PULSE

MAXIMUM
CARRIER
VOLTAGE

BLANKING LEVEL —
REFERENCE

BLACK LEVEL

REFERENCE WHITE LEVEL\ ;!

_r-----

PR \._

PgII:IS% PULSE
INTERVAL INTERVAL

INTERVAL
HORIZONTAL SYNC PULSES
0.75+ 0.01,C

S

P

e

ZERO CARRIER— PICTURE"I_"L
HORIZONTAL BLANKING "'

—VERTICAL BLANKING 0.07V%""
F—BOTTOM OF PICTURE
(See Notes 3 and 5)

0. 12 =+ 0.025C
OF PICTURE

f
TIME—>
0.5~ ~ H—
i b P ! !
1/108 m e | :
0.90S to 1.18 r i :
AN/ 414 : ;
Ry \ AV . 5
/’ \ R B ! LA
0.02H 0.075H, | 3 3
MIN..l + 0.005H “ < 8 CYCLES B
\ N MIN.
— 0.125H 2 )
MAX. Horizontal Dimensions Not to Scale in A, B, and C
\—0.006H MIN.
E *—0.145H MIN.—

DETAIL BETWEEN 5-5inC
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r-~COLOR BURST (See Note 8)

DETAIL BETWEEN 3-3 in B

HORIZONTAL SYNC

REAR BLANKING LEVEL —

SLOPE OF VERTICAL BLANKING (See Note 3)
REFERENCE WHITE LEVEL.

e
|
|
|

BACK PORCH

ZERO CARRIER —

________ ;__________Z'_'."_%L\_______-__"I;-1l,__
0.18H MAX.~ N0t 5 g
C BLANKING
0.004H
*:EMAX' %’X‘%{}.Iﬂ t:ﬂ*o.oom MAX.

DETAIL BETWEEN 4-4 in B

BLANKING LEVEL —

i MAX.

---9/108

-+

-—1/108

- | T
-
0.04H (See Note 6) 0.5H .! 0.07H = 0.01H*
D H—
NOTES
. H = Time from start of one line to start of next line. 8. Color burst to be omitted during monochrome transmissions.
. V = Time from start of one field to start of next field. 9. The burst frequency shall be 3.579545 mec. The tolerance on the fre-

. Leading and trailing edges of vertical blanking should be complete
in less than 0.1H.

. Leading and trailing slopes of horizontal blanking must be steep
enough to preserve minimum and maximum values of (x + y) and

(z) under all conditions of picture content. 11.
. Dimensions marked with asterisk indicate that tolerances given are
permitted only for long time variations and not for successive cycles.
. Equalizing pulse area shall be between 0.45 and 0.5 of area of a 12.

horizontal sync pulse.
. Color burst follows each horizontal pulse, but is omitted following
the equalizing pulses and during the broad vertical pulses.

10.

quency shall be +0.00039% with a maximum rate of change of fre-
quency not to exceed 1/10 cycle per second per second.

The horizontal scanning frequency shall be 2/455 times the burst
frequency.

The dimensions specified for the burst determine the times of start-
ing and stopping the burst but not its phase. The color burst con-
sists of amplitude modulation of a continuous sine wave.
Dimension “P* represents the peak excursion of the luminance signal
at blanking level but does not include the chrominance signal. Dimen-
sion “S’ is the sync amplitude above blanking level. Dimension *“C”
is the peak carrier amplitude.
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TTIr 17 17117
AM Radio
FM Radio-Magnetic Tape Recording [ .
| Dise Recording | )
35-mm Film Recording |
T T
Human Ear | || |[] | | .
ide-Range Loud Speaker System ] '
T - y
L1
. Key Jingles )
. Female Speaking Voice [ | !
'| Male Speaking Voice |
Hand Clapping | )
Footsteps | .
| Chimes ,
Triangle )
, Piccolo |
) Oboe .
. Violin .
. Trumpet )
_ Clarinet o
o Xylophone .
T Trombone '
. Bass. Drum '
Basse Viol )
[Tuba [
Pipe Organ .

[ Piamo 88 Note | [ 1111 |
w N mnw Bow v NV on Y v W gy YL 3}
g soasesR 2 BBEREEBEE & SEXELsE &
S 28288 2 28888 -«
DA St N HmIDD ®

Fig. 59
Table XIV. Frequency Classification
Band
Frequency No. Classification Abbreviation
3-30 ke 4 Very low frequencies VLF

30-300 ke 5 Low frequencies LF

300-3000 ke (] Medium frequencies MF

3-30mc 7 High frequencies HF

30-300 mc 8 Very high frequencies VHF

300-3000 mc 9 Ultrahigh frequencies UHF

3000-30,000 mc 10 Super-high frequencies SHF
30,000-300,000 mc 1n Extremely high frequencies EHF
300,000-3,000,000 mc 12 —_

(B) FCC Allocations

The FCC allocations for the various services between
10 ke and 100,000 mc are given in Fig. 61A and B (located
on the fold-out page between pages 180 and 181.
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16.3 A
b 17.324
18.354 D,
T 19.445
21. Fo
1.829 Fi 23.125
523.25( C. ]
24.500( Go W 554.37
Gito 25.957 5o 9ol D :
27.500( As . 5 . 699,25
30.868[ B, R 20.135  659.26( E, .
32.703[ C, 698.46_Fs e 739.99
Cth 34648 o009 s .
36.708| D, 99 Gs " G
41203 & D 38.891 880.00[ As ’
. 1
os7.71[ 5. WAL 932.33
Fru 46.249 1,046.5 Ce i 11087
Gt 51.913 1 1747 D e 108.
Al 58.270 1 3185( B, %4 1,244.5
4__ 1,396.9[ F.
6:‘1(1)2 g“ Cs 69296 oo G Fis 1,480.0
7 . 2 ) . £
G 1,661.2
82.407( E. e 71782 1,760.0[ As . o
87.307[ F. 1,975.5( Bs ; B864.7
s 92.499 a
97.999( G. 2,093.0( ¢, Ck T
—— G 103.83 5349 7 217
110.00L_2» g T a— 2,489.0
123.47( B. - 116.54 2,637.0[ E. : ik
130.81[ Cs i A 2.960.0
146.83( D, -
_ #a 155.56
’ = At 3,729.3
174. 7
7461 #s 185.00 , jeco
196.00( G ,186.0| C. o, 44349
G#a 207.65 4.698.6 4 -
220.00( As ,698.6| D, i .
246.94( B, SERA% 233.08 5,274.0 E, e
261.63( ¢, -
T g i 277.18 F 5,919.9
2 3- ‘.
# 311.13 6,644.9
329.63[ E,
7,458.6

Ll

f 369.99

f 415.30
$ 466.16

Fig. 60




Symbols and Codes

40. INTERNATIONAL Q SIGNALS

The international @ signals were first adopted to enable
ships at sea to communicate with each other or to foreign
shores without experiencing language difficulties. The sig-
nals consist of a series of three-letter groups starting with
Q and having the same meaning in all languages. Today, Q
signals serve as a convenient means of abbreviation in com-
munications between amateurs. Each Q signal has both an
affirmative and an interrogative meaning. The question is
designated by the addition of the question mark after the @
signal. The most common Q signals are listed in Table XV.

Table XV. Q Signals

Signal Question Answer or Advice

QRG | Will you tell me my exact frequency? |Your exact frequency is . . . ke
(or mc).

QRH | Does my frequency vary? Your frequency varies.

QRK | What is the readability of my signals? | The readability of your signals is

QRM | Are you being interfered with? I am being interfered with.

QRN | Are you troubled by static? | am troubled by static.

QRO | Shall | increase power? Increase power.

QRP | Shall | decrease power? Decrease power.

QRQ | Shall | send faster? Send faster.

QRS | Shall | send more slowly? Send more slowly (. ... words
per minute).

QRT | Shall | stop sending? Stop sending.

QRU | Have you anything for me? | have nothing for you.

QRV | Are you ready? I am ready.

QRX | When will you call again? | will call you again at . . . .
hours [on . . .. ke (or mc)].

QSA | What is the strength of my signals? |The strength of your signals is

QSB’ | Are my signals fading? Your signals are fading.

QSL | Can you acknowledge receipt? | am acknowledging receipt.

QSM | Shall | repeat the last message | sent | Repeat the last message you have
you? sent me.

QSO | Can you communicate with . . . . |1 can communicate with . . . .
direct or by relay? direct (or by relay through .. ..).

QSV | Shall | send a series of V’s? Send a series of