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The Author - - - And the Laboratory

Equipment described in this Handbook is first conceived, then engineered,
then designed, then constructed, if necessary then reconstructed again and
again and, finally, when exhaustive tests under actual operating conditions
both with local stations and with others in the far corners of the world have
} sown the worth of the conceptions they find their way into the pages of
‘ this Handbook. 2
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The ThirdEdition of Your Handbook

WO previous edicions of this Handbook were produced in collab-

oration with a raJio magazine publisher. Much of the data in these

earlier issiies'wa: more or less a reprint of previously published
technical magazine mnterial. Many photographs and circuit diagrams
were literally lifted from the pages of the magazine and transferred
(o the 1andbook, Thus these earlier editions lacked the refreshing
newness which is s evident in this the third edition. The author is
no longer associated with a magazine publisher; he has written noth-
ing for the pages of any magazine in recent months, for it was his
desire to produce a book that would fill a long-felt want . . . a Hand-
book new and different.

Only the theoretical Chapters in this Handbook remain
unchanged, for an Ohm is still an Ohm, the dots and dashes of the
Continental Code are still memorized in the same tried-and-proven
manner, and electrical and radio tests are not subject to drastic and
sudden change. Yet, as you page through this edition of the Handbook,
vou will find many new thoughts even in those Chapters which pre-
viously left little to be desired from the average technical point of
view. The Chapters that deal with Receivers, Exciters, Vacuum Tubes,
Transmitters for Phone and C. W., Diathermy, Television, Ultra-High-
Frequencies and Antennas are as new as tomorrow. Thousands of
dollars were invested in new photographs and circuit diagrams alone.

Your particular attention is directed to the new Jones Multi-Band
Crystal Oscillators which function at several frequencies from a single
quartz crystal, and without buffer or doubler stages. The new Jones
Receivers are far in advance of the times, some so simple in design
and construction that even the inexperienced layman should have no
diffioulty in duplicating the performance of the engineer’s model.
Your listeners will enjoy a new thrill if you communicate with thieu
by means of the new Jones crystal-controlled 5-meter transmitters.
The author's 5-meter Exciter has already won wide acclaim among
radio club members who were given a “preview’” of the new device.
The greatly enlarged Chapter on Antennas will help solve many of
your difficult problems, particularly if you reside in congested areas.

The author has given all of his recent time to the engineering of
equipment that will do a better job for you, at a lower cost. Only that
which has withstood the rigid tests in the laboratory, followed by
practical tests on the air under actual operating conditions, is found
in the pages of this Handbook.

In the preparation of the text the author wishes to acknowledge

gratefully the assistance he has received from Prof. F. E. Terman,
Ralph R. Batcher, Arthur H. Halloran, Clayton F. Bane and D. B.

McGown.
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Chapter 1

ELECTRICAL PHENOMENA AND

W
nreRd 1N

® .\ study of electrical 'or
requires a knowledge
retical conception of ¢ and  energy.
This theory assumes icine  whereby
very small particles of 1 carrying elec-
trical charges form the. picchanism in
electric conductiot.  These eléticntal units
or electronic charges form' the basis of the
electron theory which has been universally
accepted as the best means for coordinating
present knowledge of electric phenomena.

In general, the smallest particle of matter
which can exist alone is the atom. It con-
sists of a hecavy nucleus of omne or more
protons surrounded at planetary distances
by an equal number of electrons. The outer-
most electrons revolve in elliptical paths
around this inner nucleus. Every atom of
matter has as many clectrons as protons,
and thercfore the total number of positive
and negative charges ncutralize cach other,
This atomic system has been given the
name of the nuclear atom. The charge re-
tained in the nucleus of an atom is what
designates its wweight, while the attendant
clectrons revolving around the nucleus is
that which determines the atomiic number.
Atomic numbers run from one to ninety-
two, which are the ranges given to all the
chemical elements.

To the electrans, or more properly to the
negative electronic charges with correspond-
ing positive charges on the protons, or posi-
tive nuclei, are ascribed properties of elec-
tric fields (the space surrounding magnets,
electric charges and electric currents), con-
sidered as innate characteristics of each
elemental unit. Electrons at rest produce
electro-static pheénomena, while electro-dy-
namic effects result from electrons in mo-
tion.

In all substances which are non-con-
ductors of electricity, the electrons in the
atoms are held permanently in place in fixed
orbits ahout the nuclens, but in the atoms
of all electrical conductors one or more of
the electrons farthest out from the nucleus
are attached rather loosely and may, hy
various means, be drawn away from the
atom altogether. These are termed free
electrons.

d*) phenumena
glcctron theo-

Electromotive Force

@ Lilectricity consists of a movement of
electrons through a conductor or conduct-
ing medium. To initiate the flow, a differ-
ence in electrical pressure (analogous to a
hydrostatic head of water) or electromo-
tive force must exist between ‘the two ends

'RaDIO THEORY

of the conductor. To clarily these state-
ments in an clectronic exposition is with-
out the scope oi this text, but briefly the
explanation is: The looseness with which
the outer electrons are held in any atom
is related to the electrical conductivity of
the suhstance composed of this particular
atom. The more loosely the free electrons
are attaclivd to their nuclei, the hetter the
electrical conductivity. Thus, the flow of
current in a conductor consists of a stream
of electrons moving along the conductor,
from atom to atom, in a definite direction
under the influence of an outside applied
force or pressure. In electrical circuits this
outside force consists of an equalizing
tendency on the part of the electrons which,
like water, seek their level. Hence, there
will be a flow of current in any conductor
which possesscs an excess of electrons at
one point and a deficiency at another. This
flow will continue until the number of
electrons at all points along the conductor
is equal. This equalizing force is called
the electromotive force, abbreviated EMF,
and is usually expressed in zolts. This
force is due to the non-uniform distribu-
tion of electrons in a circuit. For illustra-
tion, if a battery is placed in a closed circuit,
a current of electricity will flow around the
conducting medium because the battery pulls
electrons into one terminal and pushes elec-
trons out of the other. The source from
which the electrons flow is called the nega-
tize terminal, and the point which the elec-
trons travel to is called the positive terminal.
The words POSITIVE and NEGATIVE
Liave no meaning, hnt serve only to dis-
tingnish or differentiate between the two
electrical charges. The terms were chosen
many years before the electron-movement
theory was established, and for a long time
it was assumed, for reasons of convention-
ality, that current flowed from a positive
terminal to a negative terminal. It is now
known that the co-ordinated moation of
electrons actually move in the opposite di-
rection: that is, from the negative to posi-
tive terminals,

Electric Potential

® The value of an electromotive force ex-
isting between any two points is known as
the potential difference, and is measured in
units of volts.

The Electric Circuit

® The simplest electrical circuit consists of
a source of electromotive force and a con-

5
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tinuous path from the negative to the posi-
tive terminals through a resistance. The
source voltage may be either a unidirec-
tional (DC), or alternating (AC) force.
If direct current, the voltage source main-
tains a constant positive and negative
polarity. On the other hand, if the current
be of an alternating nature the polarity of
the two terminals is periodically reversed.
In an alternating current circuit the direc-
tion of the electron movement reverses
once each cycle. In the ordinary 60 cycle
AC power line, the polarity of the AC
generator reverses 120 times per second,
which is proportional to the line FRE-
QUENCY. Alternating and direct currents
have quite different characteristics. Ac-
cordingly the study of electricity is divided
into two parts: direct currents and alter-
uating  currents.

Electric Resistance

® Electrons moving through a conductor
continually collide with atoms of the con-
ducting material. This impedes or slows
the electron flow to such an extent that the
amount of current is limited which can flow
through a circuit when a given voltage is
applied. This limiting effect is termed the
resistance of the conductor; it is expressed
in ohms. Hence, a circuit has a resistance
of 1 ohim when an EMF of 1 volt will force
a current of 1 ampere through it. And, in
an inverted sense, a source of EMF is said
to have 1 volt electrical pressure when it
will establish a current of 1 ampere in a
resistance of 1 ohm.

The collisions between the free electrons
and the atoms move the atoms around
slightly, which takes a certain amount of
energy away from the electron stream. This
energy heats up the conductor and explains
why resistors carrying current increase their
temperature.

Electric Current

@ Electric current describes the quantity of
flow of electricity through a circuit, and
the unit of current flow is the ampere.
Electric currents are measured either by
their heating effects on a conductor (ther-
moamineters, etc.) or by their magnetic ef-
fects (moving coil and moving iron instru-
ments).

Sources of Electricity

® An electromotive force (and therefore a
flow of current) can be produced either by
chemical or mechanical means. All bat-
teries produce electricity by converting en-
ergy from one form to another by means
of a chemical reaction. All the common
types of electrical generators transform me-
chanical energy into electrical energy. either
by magnetic or electrostatic action.

6

Series and Parallel Circuits

® A simple circuit can contain any number
of resistances. For example, Iigure 1
shows a circuit having two resistances con-
nected in series, while that in Figure 2 has
resistances connected in parallel. The cur-
rent in a parallel circuit will divide between
the various resistance branches, and will
not be equal in each branch unless the
resistance in every branch is equal. In a
series circuit the current flow is equal at
every point in the circuit,

—-— . . }.‘_/_4
Fig. 1 Fig. 2

Ohm’s Law

® The resistance of any conductor depends
on the structure of the material of which
it is made, together with its cross-section
and length. The relationship between the
electromotive force (volts), the flow or cur-
rent (amperes). and the resistance imped-
ing the flow of current (ohms) is expressed
in Ohim’s Law, which states: “For any cir-
cuit or part of any circuit the current in
amperes is cqual to the eleciromotive force
in volts divided by the resistance in olins.”
This relationship is usually expressed by the
following three formulas:

Where I is the current in amperes,
E is the electromotive force in

volts,
R is the circuit resistance in ohms.
E E
E =1IR [=— R=—
R I
Thus, resistance equals voltage divided by
current,
current equals voltage divided by
resistance,
voltage equals current times re-
sistance.

-

In many commonly used circuits it is
found that there are resistances connected
in series, in parallel or in series-parallel,
as shown in Figure 3. In order to calcu-
late the total resistance of anv mnetwork
composed of two or more resistances con-
nected in any of the above three ways, the
formula shown in Figure 3 is used. Note
that the total resistance of resistors con-
nected in series is larger than that of the
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highest resistance in the circuit. Also, the
total resistance of resistors connected in
parallei is less than that of the lowest re-
sistance in the circuit.

SERIES
Ry R Ry
AN AN AN —
Rrorar = Ry + R+ R3
PARALLEL
T
R, R ?R;
R _ 1
TOTAL ~
; + —'— + ——'-
R, R, R,

SERIES PARALLEL

Ry Ry Rs
R L Rg
1
RroraL = 3 3 7
b e b ———
R+ Ry R3*+Rs Rs +Rg
Fig. 3

Electric Power and Heating Effects

® The heat generated in a conductor by the
flow of current varies directly with the re-
sistanice of the conducter and as the square
of the amperes of current flew. The unit
of power is the watt, and equals the prod-
uct of the voltage across a resistor, times
the current through it. This equals the
amount of electrical power transformed into
heat in the resistor. Using the symbols de-
seribed above, plus [V = [Vatts of Power,
it is found that the following relationships
hold true:
EI

W =TIR W = —
R

Flectrical power can do other forms of
work Desides genecrating heat, such as driv-
ing a motor, radiating waves frem an an-
tenma aor driving a loudspeaker. Electrical
power *akes many different forms and can
be transduced from one form to amother by
means of a motor-generator, or vacuum tube,

W = El

Electromagnetic Phenomena

® A magnetic field envelops or surrounds a
concuctor when an electric cu-rert is flow-
ing. How this field is developed is ex-
otained as follows: Electrons of like charge
will repel each other due to the electrostatic
field of force which surrounds each elec-

RM A STANDARD
RESISTOR COLOR CODE

g — ]

A BODY COLOR—Ist figure of resistance
value.

B COLORED END—2nd figure.

C CENTER DOT—number of ciphers fol-
lowing first two fgures.

figure color figure color

0 BLACK S GREEN
1 BRROWN 6 BLUE

2 RED 7 VIOLET
3 ORANGE 8 GRAY

4 YELLOW 9 WHITE

tron; tl'is force is inversely proportional
to the square of the distance. Thus, if the
repulsion at any distance is a certain value,
the repulsion at twice this distance is one-
half squured, or one-quarter as much. The
electrostatic field around any electron which
is at rest, or moving with a constant veloc-
ity, can be visualized by a group of cencen-
tric equipoternitial circles surrounding the
electron. See I[Figure Imlow:

Direction of
Movement

At Rest or Moving at
a Constant Velocity

»» . /;’ i
\ l! ,_ //’ "\‘ \ 1
/ 1 % Zo‘/o@ “:;> ->4 _,'4. ‘28
NN _i/ \_ B4

B <

No Change in Accelerated Decelerated
Velocity ig.

When an electron maves, it must carry
its field of force along with it. Hence, due
to the relatively enormous volume of this
ficld, each electron has considerable inertia.
Thus, when a switch in a circuit is closed,
the current does not jump instantly to the
final value determined by the wvoltage
divided hy the resistance.

This gradual build-up of current in any
circuit depends upon the circuit character-
istics. It takes a greater length of time
for current to build-up in a circuit con-
taining a coiled wire than in one which
consists of one long, straight wire. This is
because the moving elect-o-static fields over-
lap surrounding electrons in adjacent turns
of the coil. The energy stored at any point
in space is proportional to the square of the
clectro-static intensity (or force) at that
point. Thus, by coiling -he wire, the energy
concentration stored in the space around
the coil has been materally increased, due

7
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to the increased overlap in the fields of the
electrons.  If the electro-static intensity at
any point has been increased a hundred
times over that of a point near a straight
wire, the energy storage is 100 squared, or
10,000 times that of the energy stored in
the space surrcunding the long, straight
wire. This stored encrgy comes from the
source of power supplying the circuit, and
any given current in a coil represents much
more stored energy than the same current
in a straight wite. Hence, for a given im-
pressed voltage, it takes more time to start
or stop the current flow in a coil than in a
straight wire. Likewise, to start or stop
the current flow in a coil in @ given time
requires the application of a larger voltage
than would be nccessary to start or stop
the same current flow in a straight wire,

The inertia offered by a circuit to either
an increase or a decrease in current is
termed the inductance of the circuit. This
inertia can be visualized in the following
manner. When an electron is accelerated,
or speeded up, its electro-static field does
not instantly respond to the motion of the
electron because the clectro-static disturb-
ances caused by the sudden acceleration of
the electron travel outward from the elec-
tron with the speed of light. Hence, differ-
ent parts of these fields are moving at dif-
ferent speeds, as shown in Figure 4 (B),
and the concentration of energy ahead of
the clectron is greater than the concentra-
tion behind it.  As soon as the electron at-
tains constant velocity, its field again be-
comes systematically arranged. When the
electron is decelerated the concentration of
energyv behind it becomes greater than that
ahead of it, as shown in Figure 4 (C).
These non-uniform concentrations of energy
tend to opposc any change in the velocity
of the electron, and it should be evident that
the overlapping of the electron fields which
occurs in the coil increases the non-uniform
energy  concent-ation which accompanies
any change in the velocity of an electron,
thus increasing the opposition to change,
or inertia of the electron. This inertia,
therefore, exerts a force opposing any
change in the current through an inductance,
and this opposing force is called the back
electro-motive force.

Induction and Induced Voltages

® When an alternating current is passed
through a coil of wire, energy is alter-
nately stored in the field and returned to
the wire. The greater the number of turns
of wire on the coil, the greater is the mag-
neto-motive force. This force varies with
the number of turns, the diameter of the
coil and the current. MMI* corresponds to
magnetic pressure.

8

Magnetic Flux

® Magnetic flux consists of the lines of
magnetic furce which surround any con-
ductor.  Magnetic flux might be termed
magnetic current, just as magneto-motive
force corresponds to magnetic voltage. The
reluctance of a magnetic circuit could be
described as the resistance of the magnetic
path and the relationship between magnetic
flux; magneto-motive force and reluctance
is exactly similar to that between current,
voltage and resistance, (Ghm’s Law).
Magnetic flux depends on the material,
cross-section and length of the magnetic
circuit and varies directly as the current
flowing in the circuit. Reluctance depends
upon the length, cross-section, permeability
and air-gap, if any, in the magnetic circuit.

Permeability

® Permeability describes the difference of
the maguetic properties of any magnetic
substance compared with the magnetic
properties of air. Ironm, for example, has
a permeability of approximately 2,000 times
that of air, which means that a given
amount of magnetizing effect produced in
an_iron core by current flowing through a
coil of wire will produce 2,000 times the
flux density that the same magnetizing ef-
fect would produce in air. The permeability
of different iron alloys varies quite widely
and permeabilities up to 100,000 can be ob-
tained, if required. Permeability is similar
to electric conductivity. However, there is
one important difference—the permeability
of iron is not independert of the magnetic
current (flux) flowing through-it, although
electrical conductivity is usually indepen-
dent of electric current in a wire. After
a certain point is reached in the flux density
of a magnetic conductor, an increase in
the magnetizing field will not produce any
material increase in the flux density. This
point is known as the point of saturation.
The inductance of a choke coil whose core
becomes saturated declines to a very low
value. This characteristic is extremely
valuable in the swinging choke and in the
saturable reactor used in some controlled
carrier modulation systems,

The magnetizing effect of a coil is often
described in ampere-turns. Two amperes
of current flowing through one turn equals
two ampere-turns, or one ampere of current
flowing through two turrs also equals two
ampere-turns,

Mutual Inductance

® When two parallel wires are placed in
proximity to each other and a varying cur-
rent flows through one of them, the non-
uniform energy concentrations around the
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accelerating and decelerating electrons in
the conductor carrying the varying current
cause an induced electro-motive force to be
applied to the free electrons in the neigh-
boring conductor. The electro-rotive force
(voltage) produced in the adjacent wire is
always in the same direction as the back-
electro-motive force set up in the wire
which is carrying the exciting current. This
point helps to explain why the tnductance
of a circuit containing many turns of wire
is greater than that of a circuit composed
only of a straight wire. In a coil, each
turn has a back-electro-motive force in-
duced by the changing current within itself.
In addition, it has an induced electro-mo-
tive force in the same direction, due to the
changing current in the adjacent turns on
each side of the portion of ¢he coil under
consideration. The self-inductance of a
coil in henrys equals the induced voltage in
volts across that coil when the current is
va:lying at the rate of one ampere per sec-
ond,

If a second coil is wound directly over the
first coil, any change in current in the first
coil will induce a voltage in the second coil,
and the mutual inductance in henrys be-
tween the two coils equals the voltage in-
duced in either coil when the current in
the other is varying at the rate of one am-
pere per second. The unit of inductance is
the henry.

Inductive Reactance

® The principal action of an inductance is
to resist any change in current through it,
and therefore any inductance in a circuit
will impede the flow of alternating current.
The higher the frequency of the alternating
voltage impressed across the inductance the
lower will be the current through the coil.
The current flowing through the inductance
is related to the inductance in henrys and
to the frequency in cycles per second.

Formula:
Where X, is the inductive reactance in
ohms,
f, the frequency in cycles per
second,
L, the inductance in henrys,
Xy, =27 {L

Thus, if the inductance of a coil and the
frequency of the impressed alternating
voltage is known, the curreat in any AC
circuit in which there is an inductance can
be determined by dividing the voltage by
the inductive reactance.

Inductances can be connected in series or
in parallel. The electrical effect of making
such connections is quite stinilar to those
obtained when connecting resistors in series
or parallel. Inductances in series:

L total = L1+ L2 4 L3, etc,
Inductances in parallel :

1 1 1 1
= —+—+—+, etc,
L total I, L. L

Transformers

® From the foregoing, it was seen that a
variation of current flowing through an in-
ductive- winding will induce a similar volt-
age in an adjacent winding if both are
coupled within the proximity of the com-
mon magnetic circuit. This explains the
operation of a transformer. The winding of
a transformer carrying the exciting current
is known as the primary, and the coupled
coil in which is induced a voltage is known
as the secondary. If bath primary and sec-
ondary windings have an equal mumber of
turns which are closely coupled, and if
neither of the windings are tuned by means
of a capacity to resanance at the frequency
of operation, the voltage across the sec-
ondary will be equai to the voltage across
the primary. If the secondary has twice
as many turns as the primary, the induced
voltage in the secondary will be twice the
exciting voltage across the primary. For
any other turns ratio between the primary
and secondary windings, the ratio of the
secondary voltage to the primary voltage
will be equal to the ratio between the num-
ber of secondary turns to the number of
primary turns. These relationships bold as
long as no current flows in the secondary
winding, which is the case in all low-level
audio-frequency circuits. When a load is
connected across the secondary, as in a
power transformer, or audio-output trans-
former, the DC resistance and the leakage
reactance of the transformer windings
slightly modify the voltage relationships.
Useful transformer formula:

A N, )'
Z. \N,
Where Z, — primary impedance
y secondary impedance

=
Np = number of primary turns
N. = number of secondary turns

Condensers and Capacitive
Reactance

@ A condenser is a device for storing elec-
trical energy, and in its simplest form con-
sists of two parallel metallic plates sep-
arated by an insulator, such as air. If the
two plates are connected to a DC source,
one will be positively and the other nega-
tively charged. As soon as the potential
difference between the two plates becomes
equal to the voltage of the DC sourre, the

9
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current in the drcuit will cease. If the
condenser is connected to an AC voltage,
the current will surge back and forth every
cycle, because first one plate takes on a
positive charge, then the other. During
that part of the cycle when one plate be-
comes negative, the excess of electrons
driven on to this plate repels an equal num-
ber of electrons off the other plate. These
electrons then travel back toward the posi-
tive terminal of the voltage source. On
the next half cycle this process is reversed.
No electrons actually pass through the con-
denser from one plate to the other, because
the electrons arriving at one plate drive
an equal number away from the other plate.
The effect on the circuit is the same as if
the electrons actually passed right through
the condenser — except for the phase rela-
tion between the impressed voltage and the
resulting current.

The quantity of electricity stored in a
condenser is proportional to the square of
the impressed voltage. The quantity stored
is measured in coulombs or ampere-seconds.
One coulomb is the quantity of electricity
carried by one ampere of current flowing
for one second. Hence, if the voltage
changes at the rate of one volt per second
and the current produced (or absorbed) is
one ampere, the capacity of the condenser
has one farad, that is, the condenser has a
capacity of one farad. The farad is too
large a unit for practical use, so in radio
work a very small fraction of this capacity
is used, the more common unit being the
micro-farad, which is one-millionth of a
farad.

The capacity of a condenser depends on
the area of the plates, their spacing, and
the dielectric properties of the insulator
which separates the plates. For mechanical
reasons, it is desirable to construct con-
densers with two or more plates; hence.
most radio condensers consist of two paral-
leled sets of plates, each connected to-
gether conductively. The dielectric prop-
erty varies with the insulating material
which affects the ability of a condenser to
store electricity. The dielectric constant,
therefore, describes the ability of a con-
denser to increase its capacity over that of
an air condenser.

The capacity of a condenser can be com-
puted from the following formula:

kA
C (microfarads) = 0.8842 — (n—1) 10’
d

Where k = the dielectric constant (air 1.00,
mica 4.5 to 7.5)
A =area in cm® (one side of one
plate)
d = separafion in cm
n = number of plates

10

Condensers in Parallel and Series

@ Condensers can be connected in series or
in parallel, but the effect is just the opposite
to that of connecting inductances or resist-
ances in series or parallel. A simple rule
covering parallel or series connections is:
Capacities in parallel should be added to find
the total capacity, and for capacities in series
the reciprocal of the sum of reciprocals must
be taken. Illustrating by formula:

C (parallel) = G + C: + G; etc,,

1 1 1 1
C (series): —=— 4 —4 — etc,,
cC G GC G

Capacitive Reactance

® Alternating current does not flow through
a capacity without some impeding effect
taking place, which is termed capacitive
reactance. This retarding factor is inversely
proportional to the frequency and the ca-
pacity of the condenser. To find the capaci-
tive reactance, the following formula is

given:
1,000,000
2nfC
Where X. —the capacitive reactance in
ohms
f = the frequency in cycles per
second

C = the capacity in microfarads

Thus, if the capacity of a condenser and
the frequency of the impressed alternating
voltage is known, the current through any
condenser can be determined by dividing
the voltage by the capacitive reactance.

Impedance

@® When an inductance, capacity and a re-
sistance are connected in series, the com-
bined effect is called the impedance of the
circuit,

The capacitive reactance and inductive
reactance are of opposite sign, because the
current through a conductor leads the im-
pressed voltage by 90 electrical degrees,
while the current through an inductance
lags the voltage by 90 degrees. Thus, the
current is 180 degrees out of phase with
that through the inductance. The reactance
of the circuit becomes X1, — X.. Since the
current through an inductance or capacity
lags or leads that through a resistance by
90 degrees, it is necessary to take the square
root of the sum of the squares to solve for
the total impedance of the circuit to the
flow of current.
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Z (impedance) = VR® + (X — X.)?

With any two quantities known, the third
can be solved from tlie following formulas:

E=IZ

From the equation of the impedance of
a series circuit it can be seen that the im-
pedance is equal to tle resistance when the
inductive reactance is equal to the capaci-
tive reactance. This is known as resonance.

Altermating Current Considerations

® Alternating current produces a lheating
effect in a resistor in spite of the fact that
the current flow periodically reverses at a
uniform rate of speed. To explain the
theory, principle, and applications of alter-
nating current in its many ramifications,
would be taking too much of the more valu-
able space in this book. The student, then,
is referred to texts wherein this and other
information on AC phenomena can be found.
Briefly, a generator produces alternating
current which starts at zero, reaches maxi-
mum, returns to zero, reverses direction,
and repeats the performance. This varia-
tion follows a mathematical law called a
sine wave. The actual heating effect of this
alternating current depends on the effective
value of each half-sine wave. This is called
the RMS value and is equal to the peak
value divided by 1.41. in case it is a pure
sine wave. The RMS value of either volt-
age or current is the value read on most AC
valtmeters or ammeters.

In considering alternating current the ac-
tual power is not the product of I'Z, since
the effect of either the inductance or ca-
pacity is to make the current lag or lead
that through tlie resistance of tlie circuit.
The lag or lead is known as the phase angle,
and the power can be computed from the
expression P = E X T cos 8. The cos ¢
represents the power factor which has a
zero (unity) value in a pure (100%) re-
sistive circuit. A perfect condeuser having
no resistance would have a zero power fac-
tor, which would provide a means for mak-
ing comparative tests with other con-
densers.

One of the many interesting applications
of “power factor” is in determining the ef-
fective shunt and series resistance of a
condenser when the frequency of operation
is kmown. Solutions for the determinants
are:

power factor

2vfC
1

Series Resistance =

R, — Shunt Resistance =— ———————
27 fC X power
factor

Eliminating the power factor term gives

1
Series Resistance =

R, (2miC)*
Fundamentals of Radio

® In power, telephone and telegraph lines,
electricity energy is carried from the send-
ing point to the receiving point through in-
dividual and isolated lines. All radio sig-
nals, haowever, utilize a common conducting
medium, the ether. The mixing of thou-
sands of radio signals in one conducting
medium necessitates some method of select-
ing the desired signal and rejecting all
otliers. This is accomplished by means of
resonant circiits involving inductances and
capacitances in series or parallel. Vacuum
tubes are used to amplify the signals, while
tuned circuits are used for selecting the de-
sired signals.

Inductance Considerations

@ Inductances are used in radio, audio-fre-
quency and power circuits. An inductance
used far the latter purpose can be designed
from a rather simple formula:

L = 1.257 N°P X 10-*

Where N = the number of turns oi wire
L = the inductance in henrys
P =the permeance of the com-
plete magnetic circuit

In most inductances, the magnetic circuit
is confined by means of an iron magnetic
core to the close proximity of the coil itself.
For radio-frequencies some form of air-core
coil is most often used. Lately, pulverized
iron has been successfully employed for low
and mcdium frequency coils, such as in in-
termediate-frequency  transformer  assem-
blies.

The inductance of an air-core solenoid
can be calculated from the formula:

L, = N*dK
Where L, = the inductance in microhenrys

N = the nuinber of turns

d =the average diameter of the
coil

K —a constant depending on the
ratio of the length to the coil
diameter

This formula shaws that the inductance
of radio-frequency coils varies as the square
of the number of turns and directly as the
diameter of the coil.

An inductance has a certain amount of re-
sistance due to the metallic conductor used
in winding the coil. At radio-frequencies
this resistance is a great many times more
than the resistance would be for direct
current. At radic-freqencies the current

11
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tends to concentrate at the surface of the
conductor, which in effect gives an increase
in the resistance. This crowding of the
current density toward the surface of a con-
ductor is known as the “skin effect.”

The ratio between the inductive reactance
of the coil and its effective resistance gives
a measure of its efficiency, and is known as
the “Q” of the coil. “Q,” therefore, is the
factor of merit of a reactance element; this
factor can be determined by the following
formula:

1 2wfL

2TfCR R

Series Resonance

® When an inductance, resistance and ca-
pacitance are connected in series, there will
be a certain resonant frequency at which
the inductive reactance is equal and oppo-
site in effect to the capacitive reactance, and
the flow of current will only he limited by
effective resistance of the circuit. At higher
frequencies than resonance, the capacitive
reactance is less than the inductive reac-
tance, with the result that the impedance is
higher than at resonance. The same holds
true at lower freguencies, except that the
larger reactive term is capacitive. The re-
active voltage drop across either the coil or
condenser is very high at resonance, because
the current is only limited by the resistance
of the circuit. This reactive voltage may
be several hundred times the value of the
impressed voltage, as given by the ex-
pression:

ExXe27iL E
Ex = — =

R 27f{CR

For example, if the impressed voltage is

10 volts, and if the “Q” of the coil is 100,

the reactive voltage across the condenser

or coil would be 1,000 volts. The sharp-

ness of a resonance curve depends upon the
‘Q” of the coil, for example:

1

—— difference of frequency from reso-
2Q

=EXQ

r4

nance will only give 709 of the resonant
current.

1
— difference of frequency from resonance

will only give 45% of current at resonance.

Series resonance is applied to antennas,
antenna feeders, and occasionally in audio-
frequency and filter circuits.

Parallel Resonance

® Parallel resonant circuits are used in both
transmitters and receivers for purposes of
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selectivity or coupling .between vacuum
tubes. At frequencies below resonance, the
inductive branch draws high current while
the capacitive branch draws low current,
resulting in a lagging current known as
inductive reactance. The opposite holds
true for frequencies higher than resonance.
At resonance the inductive reactance is equal
to the capacitive reactance, and the parallel
impedance is an effectively high resistance.
The parallel impedance at resonance is equal

to:
(27{L)*
/Z=——=27{LQ
R

This shows that at resonance there is a
resonant rise in impedance of “Q” times the
reactance of either branch; meaning, for
example, that a tuned radio-frequency
amplifier would have more gain and also
better selectivity with a high “Q” coil in
the tuned coupling circuits. Since the plate
impedance of an RF amplifier tube is often
much greater than 100,000 ohms, it is im-
portant that inter-stage tumed circuits have
a very high resonant impedance so that a
good impedance match and maximum volt-
age step-up will be obtained.

When parallel circuits are placed across
the grid or plate circuits of a transmitting
amplifier tube, the impedance of the tank is
greatly reduced, because of the low shunt
resistance across the parallel tuned circuit.
The effect of a shunt resistance is to in-
crease the effective series resistance of the
same circuit; the amount can be determined
by the following formula:

1
re (271 C)?

Where r, == the shunt resistance,

For example, a shunt resistance of 2,000
ohms would increase the effective series re-
sistance of a representative tank circuit from
5 ohms to 100 ohms at a frequency of 7
megacycles. Assuming the circuit had a
“Q” of 100 without any shunt load, the “Q”
would be reduced to 5, due to the loading
effect. The parallel impedance (from the
above formulas) would be approximately
2500 ohms under load conditions, and 50,000
ohms with no load. The example brings
out the effect of a resistance shunted across
a parallel tuned circuit.

The resonant frequency of a paralle!
tuned high-Q circuit is given by the ex-
pression :

r—

1
f=——
27V LC

This expression is slightly in error for
fow-Q circuits, because the resonant fre-

quency is affected by the effective series
resistance. The sharpness of resonance is
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similar to that of a series resonant circuit
amd the same “Q" formulas can be used for
determining currents at frequencies off reso-
nance.

In _many applications of a parallel tuned
circuit, it is desirable to obtain a step-down
ratio of impedance. A typical example is
in matching a 500 ohm single wire antenna
feedline to the tuned output circuit of a
transmitter, as shown in I'lgure 6.

In this case, the lcad is only connected
across part of the parallel tuned circuit
impedance in order that optimum power
transfer will be obtairred.

Another case of parallel resonance occurs
in radio-frequency choke coils which are

LEL
3

.qH

used to prevent radio-frequency currents
from flowing into undesired circuits. The
self-capacitance of the coil resonates it with
its inductance to a frequency usually much
lower than the operating frequency. The
RF choke functions as a very small con-
denser of not more than two or three micro-
farads which presents a high impedance to
RF currents. At frequencies lelow reso-
nance the choke performs like an inductance
having an apparent value equal *o:

16
1 —m?

Where m is the ratio of applied frequency
to the natural resonant frequency of the
coil; and L, the theoretical inductance. This
apoarent inductance cam be very great near
resonance,

Coupled Circuits

® A\s single reactive circuits are not always
emploved in radio transmitting and receiv-
ing circuits, it is therefore more common
to use various cambinations of coupled cir-
cutts; four simple clectrical comfigurations
are shown in liigure 7. In all of the dia-
grams the presence oi a secondary circuit
changes the impedance of the primary cir-
cuit by an amount equal to the expression:

(27§ M)
 zZ

The equivalent primary impedance be-

comes :
(27fM)?
Z =27, +
7
Where Z, = the series impedance of the
primary alone
Z, = the series impedance of the
secondary alone
M = the mutual inductance of the
coils I, and L.

Note: When Z. is low, such as at reso-
nance, und M is not small, the effect on the
primary is large. The effect of the second-
ary upen the primary circuit may be deter-
mimed from the above expressiom when
applied to the schemutic diagrams shown
here. From these expressions it is possl-
ble to roughly analyze most any transmitter
or receiving circuit.
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E. Lo L2 3R [0 Lo -2 2
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" 2 R, M‘ R2
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% E .
FiG. C fIG. D
FIG. 7

Power transformers are a form of oc-
cupied circuits of the type shown in Figure
7-a. The difference between a powes trans-
former and a similar RI° coupled circuit is
that the lcakage reactance may only be
about two per cent in the former case, and
as high as 90 per cent in the latter case.
The leakage reactamce is much higher at
radio-frequencies, because most high-fre-
quency coupled circuits are resonant and re-
quire very loose coupling with a very small
value of M to attain the desired result.
In many cases the coupling between two
or more circuits is cobtained by other meth-
ods usir:g some form of inductive or capac-
itive reactance, or even resistance coupling.

Band-pass circuits are special forms of
parallel resonant coupled circuits. The
coupling is increased until the secondary
causes un extreme Lroadening of the reso-
nance curve or it may even form a double
resonant peak in the primary circuit. True
band-pass circuits are seldom used in short-
wave radio receivers or transmitters because
selectivity and gain are more important to
the amatcur than a level frequency response
over a range of frejquencies,

13
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Chapter 2
VACUUM TUBE THEORY

® In radio transmission and reception, vac-
uum tubes are employed for the generation,
detection, and amnplification of radio and
radio-frequency currents; in addition, elec-
fron tubes serve as power rectifiers which
convert alternating current into direct cur-
rent, and in special cases for controlling and
inverting electric power.

The functions performed by a thermionic
tubz depend on the emission of electrons
from a metallic surface and the flow of
these electrons to other surfaces; the tran-
sition eonstituting an electric current.

An electron tube consists essentially of
an evacuated glass or metal envelope in
which are enclosed an electron emitting sur-
face, called a cathode, and one or more
additional electrodes. The cornections from
the various elements are carried through the
tube envelope to special connectors.

Electron Emission—Cathodes

® The rate of electronic motion in every
atom increases if the molecular constitu-
ents of any material are subjected to thermal
agitation. Hence, by heating certain metal-
lic conductors the motion of electrons be-
comes so rapid that some of them break
away from their parent atoms and are set
free in space. In the absence of any external
attraction, the electrons escaping from the
emissive surface repel cach other because
ther are all negatively charged. Thercfprc.
the number of clectrons leaving the emitter
are limited on account of the free negatively
charged electrons counteracting the escape
function of new electrons. The point of
electronic saturation is called the “space
charge effect.” When this condition is
reached no further electrons will leave the
emitter regardless of how much higher the
temperature of the emitting surface is in-
creascd. The element from which electrons
are dectached in a radio vacuum tube is
energized electrically by the passage of cur-
rent through either a directly-heated fila-
mentary cathode, or metallic sleeve indi-
rectly-neated by an internal resistive ele-
ment. In all modern vacuum tubes the sur-
face of the cathode material is chemically
treated to incrcase electronic emission. The
two  principal types of surface treatinent
inciude “thoriated tungsten filaments,” as
used in medium and high-powered trans-
mitting tubes, and “oxide coated filaments,”
or cathode sleeves, such as used in most
receiving tubes. Pure tungsten filaments are
oractically obsolete, and are only being
manufactured for some types of high-power
transmitting tubes where sufficient vacuum

cannot be maintained for properly operating
a thoriaied tungsten type of filament.

Cathode Current

® \When a heated cathode and separate
metallic plate are placed in an evacuated
envelope. it is found that a few cf the
clectrons thrown off by the cathode leave
with sufficient velocity so that they reach
the plate. If the plate is electrically con-
nected back to the cathode, the electrons
will flow back to the cathode, due to the
difference in electrical charges caused by
the electrons leaving the cathode and
reaching the plate. This small curreut that
flows is the plate current. If a battery, or
other source of DC voltage is placed in the
cxternal circuit between the plate and
cathode, so that the battery voltage places
a positive potential on the plate, the flow
of current from the cathode to plate will be
increased. This is «ue to the attraction
offered bv the positively charged plate for
any negatively charged electrons. If the
positive potential on the plate is increased,
the flow of electrons hetween the cathode
and platz will also increase up to the point
of saturation.  Saturation current flows
when all of the electrous leaving the cathode
are attracted over to the plate, and no
increase in plate voltage can increase the
number being attracted to the plate. Raising
the temperature of the cathode will increase
the plate current on acceunt of the electronic
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increment from the emitter. Operaiing a
cathode at a temiperature materially above
its normal rating will shorten the life of
the emitting surface. In the case of thoriated
tungster: emitters, which are rather sensi-
tive to changes in filainent temperature, it is
advisable to provide a close control over
the filament voltage. If there is any doubt
about the filament voltage, it is better to
operate the filament slightly higher than
normal, rather than helow normal, especially

if the tube is operating with high plate
current,
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Diode Rectification

®]f a negative charge is applied to the
plate, the electrons in the space charge are
repelled back to the cathode and no current
flows in the circuit between the cathode and
plate. Thus, in a vacuum tube, current
can flow from fthe cathode to plate, but
not from plate to cathode. If an alter-
nating current is applied to the plate, cur-
rent will flow only when the plate is posi-
tive with respect to the cathode. This
current will be pulsating, but uni-direc-
tional. If a suitable smoothing filter is
placed in the circuit, the pulsations will be
smoothed out and will simulate that of a
direct current. This process is known as
rectification, it is widely applied in all radio
circuits.  All amplifiers ecmploying radio
tubes usually require the application of
rather high positive DC potential to the
plate, which of course, neccessitates the
stepping-up of the AC current supplied by
the power mains before it is rectified and
filtered. Other anplications of the principle
of rectification occur in radio receivers and
transmitters.

Vacuum Tubes as Amplifiers

® The addition of a mesh-like structure,
called a grid, interposed between the cath-
ode and plate in a vacuum tube allows a
wide control over the electron flow from
the cathode to plate. This control is made
possible by applying small control voltages
to the grid whizh either increase or de-
crease the plate current according to the
direction of potential command. Vacuum
tubes in which there are three electrodes
are called triodes. Hence, when the grid
is given a negative charge with respect
to the cathode, it repels the clectronic tlow
to the plate, resulting in a decreased plate
current, On the other hand, if the voltage
is made high enough, the plate current will
be cut off. The point at which the flow
ceases is called the “cut-off bias,” and it
depends on the grid-to-plate spacing, as well
as the closeness of mesh of the grid struc-
ture. When the potential on the grid is
made positive with respect to the cathode,
electrons are attracted awav from the space
charge area surrounding the cathode and
are speeded on through and past the grid
structure on to the plate with increased
velocity. This increases the plate current.
Some of the electrons are intercepted by
the grid and flow back to the cathode
through the external grid circuit, but this
grid current is usuvally quite small in com-
parison to the plate current. The ideal grid
structure would te one that would give high
acceleration to the electron flow when posi-
tive, yet would not intercept any grid cur-
rent. The interception of grid current
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requires that the source of controlling volt-
age applied to the grid will supply enough
power to swing the grid voltage to the
required positive point, in spite of the re-
sisting effect of the grid carrent.
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A vacuum tube amplifies the voltage ex-
cursions of the grid by reason of the fact
that the cffected change in the plate cur-
rent causes a similar amplified voltage drop
to take place across an impedance in series
with the plate circuit.
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Tetrodes and Pentodes

® The term “tetrode” and “pentode” indi-
cate the presence of four and five element
tubes, respectively.

A tetrode consists of a triode to which
has been added a second grid hetween the
control grid and the plate. The grid is
usually maintained at a positive potential,
with respect to the cathode. The purpose
of this grid is two-fold: first, it accelerates
the eclectron flow from cathode to plate,
thereby improving the tube's ability to
amplify voltage.  Second. it provides a
grounded electro-static screen between the
plate and control grid, so that energy will
not be fed back to the control grid through
the plate-to-grid capacitance of the tube, If
the amplification through the tube is high
enough, this feedback, or regeneration, of
energy, might set the tube into self-oscilla-
tion, which would destray its usefulness
as an amplifier. This regeneration is put
to work in certain detectors and in all
oscillators, but its presence is undesirable
in most amplifier applications. The tetrode
hals several disadvantages, the principal one
heing that the instantancous AC plate volt-
age caused by the changing plate current
cannot be allowed to swing to a value helow
the fixed positive potential on the outer, or
screen grid.  When the potential on the
plate becomes less than the potential on
the screen grid, the second:ry electrons con-
§tant]y being driven out of the plate by the
impact of those arriving from the cathode
fall into the more positive screen, instead of
falling back into the plate, as they normally
do. This increases the screen current, and
under certain conditions, gives the tube
negative resistance.  This effect causes




Vacuum Tube Theory

tremendous distortion in a veltage amplifier
and limits the output of a power amplifier.

The pentode was developed to avoid this
disadvantage of the tetrode. In this devel-
opment, a third grid is added between the
grid and the plate for the purpose of shield-
ing the plate from the screen grid, so that
the secondary electrons emitted from the
plate will be forced 1o fall back into the
plate and are prevented from going over
to the screen. This outer grid in a pentode
is called the suppressing grid because it sup-
presses the secondary electrons driven out
of the plate.
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P’entodes are highly useful for all class
A vollage and power amplifiers, although
they are not as desirable as triodes in hxgh
efficiency power amplifiers (above 0%
averall efficiency). The mnain drawback to
the use of tetrodes in high efficiency power
amplifiers is the fact that the presence of
the additional grids raises the plate resist-
znce somewhat more than the amplification
factor. Thus, the contral-grid to plate trans-
conductance cannot be as high in a similar
tricde. Transconductarce, as will be ex-
plained in the next few paragraphs, is the
best vardstick of a vacuum tube’s ability to
amplify power, particularly at high plate
efficiencies required by economy considera-
tios in the construction of radio trans-
mitters.

Gaseous Conduction

® Ii a diode vacuum tube is evacuated and
then filled with a gas:, suck as mercury
vapor, its characteristics and performance
will difter materially from an ordinary high
vacaum type diode tube.

The principle on which depends tihe oper-
ation of a gas-filled rectifier is known as the
plicnonrenon  of 1ionization. Investigations
‘nave shown that electrons emitted by the
hot-tathode in a mercury vapor tube are
accelerated toward the anode (plate) with
great velocity. These accelerated electrons
move ia the (electrical) force-free space
between the hot-cathode and anode, in which
space they collide with mercury vapor mole-
«cuales, If the moving electrons attain a
velocity equivalent to falling through a
potential difference of 1.4 volts (for mer-
cury), they are able to knock electrons out

of the atoms with which they collide. When
an clectron is separated from its normal
orbit it leaves not as an electron but as a
positive ion. This ireed positive ion will
consequently be neutralized by the optional
acquisition of a free clectron. Finally the
free electrons will be attracted to the anode
or plate as will the positive ions that have
been separated froin the mercury atoms,
whiclh collectively constitute the flow of
current in the tube. The passage of ionus and
electrons cause more of the atoms to be
broken up by collision so that the vapor
becomes heavily ionized and transmits a
considerable amount of current. When the
anode is positive, the ions are repelled and
attracted to the cathede, tending to neutral-
ize the negative space charge as leng as
saturatien current is not being drawn. The
mechanics of this electronic effect nectralize
the negative space charge to such a degree
that the voltage drop across the tube is
reduced to a very low value and, in addition,
reduces the heating of the diode plate as well
as improving the voltage regulation of the
circuit in which the tube 1s used. This
greatly increases the efficiency of rectifica-
tion because the voltage drop across any
vacuum tube represents a waste of power.

Grid Controlled Rectifier

® A coatrolled rectifier is a gaseous type
of diode employing either mercury, ncon or
argon gases, and a control grid. As the
grid does not perform in the same manner
as in the triode, it is necessary to give a
description of the coatrolling action.

If a grid is placed between the cathode
and the plate in a gascous tube, the start-
ing of the plate current can be controlled.
A negative bias (or an absence of the re-
quired positive bias, in positive controlled
tubes) prevents the tlow of electrons from
starting. llowever, once the flow begins,
and the gas has become ionized, the grid
loses all control over the electron stream.
After starting, the grid neither modnlates,
limits, nor extinguishes the discharge.
Herein lies the fundamental difference be-
tween high vacuum tubes and grid con-
trolled rectifiers. The grid can regain con-
trol and prevent the passage of current if
the poteatial on the plate is lowered to
below the ionization voltage of the conduct-
ing vapor or gas. The time for de-inniza-
tion is very short; hence, interrupting the
plate current for a few micro-seconds allows
the grid to regain control.

If an.AC voltage is applied to the plate,
the grid is permitted to regain control after
every positive half-cycle when the plate goes
negative. In addition. the grid can delay the
start of ionization for as long a period
during the positive half cycle, as long as the
grid bias voltage is sufficiently negative. In
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this manner, the grid can control the aver-
age current flowing through the tube if both
plate and grid are supplied with AC, and
the phase relation between the grid and
plate voltage are adjusted to cither increase
or decrease the frequency or time of ioniza-
tion.

Grid controlled rectifiers are more com-
monly known by their trade names—"Thy-
raton” (General LElectric Co.) and “Grid
Glow Tubes” (Westinghouse Company).
For the amateur, the tubes are quite useful
in varying the output of DC power supplies.
Grid controlled rectifiers are also used in
keying C\ transmitters, or in applying
carrier control to the plate power supply of
a modulated amplifier.

The use of gaseous conduction tubes are
limited to very low frequencies, such as 500
cycles and lower. The tubes are unstable
at high-frequencies due to the finite time
required for the internal gas to deionize after
each cycle of conduction.

Vacuum Tube Characteristics

® The characteristics of a vacuum tube are
the electrical properties which describe its
ability to perform various functions. These
characteristics are obtained by operating a
vacuum tube under certain known electrode
voltages, and then measuring the electrode
currents, By plotting the change in any
electrode current as any one of the elec-
trodes voltages are likewise varied, a char-
acteristic curve is obtained. When a negli-
gible amount of impedance is inserted in
the plate circuit of a tube and different DC
potentials are applied to the tube electrodes,
and should the variations in electrode current
he graphically pletted on cross-section paper,
the results are <nown as the tubes’ static
characteristic curve. On the other hand, if
there is an impedance in the plate circuit, the
plate voltage will vary with the plate cur-
rent; hence, if a pure resistive impedance is
placed in the plate circuit, and an AC volt-
age is impressed on the control-grid under
various conditions of DC potentials on the
electrodes, and if the variations in current
are plotted on graph paper, the result will
be the dynamic characteristic curve. This
characteristic indicates the performance of a
vacuum tube under actual operating condi-
tions.

From three sets of static curves, it is
possible to calcnlate in advance the actual
performance of practically any type of
vacuum tube amplifier or detector. Inves-
tigators have done a great deal of work
in developing nieans by which the optimum
operating conditions for the operation of
class B and C power amplifiers can he
accurately determined in advance. This
information, in the form of curves or tables,
will probably he made available soon by
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the tube manufacturers, so that proper
values of bias, plate voltage, grid current
and plate current can be chosen in order
to obtain optimum power output and plate
efficiency from any power amplifier.

Dynamic Characteristics
Amplification Factor

® The amplification factor, cryptically
written as either x4, mu, or k, is the ratio
of the change in plate voltage, plate current
constant, to a change in grid voltage in the
opposite direction. For example, if the
plate voltage is changed 20 volts, and if
it requires a change of 2 volts (opposite
polarity) in the control grid voltage to hold
the plate current constant, the amplification
factor is 20/2 or 10. Expressed as an
equation, it is:
dEp

dEg
Where d = any small change increment
I’y = variable component of plate
voltage
Where I, — variable component of grid
voltage

Plate Resistance

® The plate resistance of a vacuum tube is
defined as the ratio of a small change in
plate voltage to the resulting change in plate
current, when the grid voltage is assumed
to remain constant. I‘or example, if a
change in plate voltage of 20 volts causes
a change in plate current of 10 milliamperes
(ma.), the plate current resistance equals 20
divided by .01 ampere (10 ma.), or 2000
ohms, Iixpressed as an equation:

dE,
R
dl,

It is desirable to make the plate resist-
ance of a tube as low as possible, especially
in power amplifiers where the load circuit
is coupled to the plate in order to make a
more effective impedance match. This allows
the use of a lower plate voltage than would
otherwise he obtained.

Transconductance

® The control grid-plate transconductance
(Sw). formerly called mutual conductance.
combines in one term the u and the plate
resistance of a vacuum tube, and is the
ratio of the first to the second. By intro-
ducing the equations given above for x and
R, in the ratio defined for transconduct-
ance, it can be seen tha: the Sm can also
be expressed as the ratio of the change in
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plate current to the small change in grid
voitage producing it (plate voltage con-
stant, load resistance zero). Combining the

above expressions, the formula for trans-
conductance can be written:
dE,
u dE, dI,
S = = =
Ry dE, dlg
dl,

Swm o is expressed in MHOs, the unit
of conductance.

Note that it is ohm spelled backwards;
this is logical, since corductance is the recip-
rocal of resistance.

o :llustrate an example o1 transconduct-
anee, take the case where ratio of the dl,
to dE; equals Sw: hence, if a grid voltage
change of 5 volts caases a plate current
change of 10 ma., the transconductance is
.04 divided by 3, or 0.902 mho.

A convenient means of determining trans-
conchuctance without any calculations is to
read the plate currcnt change caused by a
change of exactly one volt on the control
grid. By multiplying the resulting 1, change
m ma. by 1000, the S. obtained is directly
in micromhos.

Vacuum Tube Amplification

® A tube amplifies by reason of the fact
that a small change in grid veltage produces
a larger change in plate current than would
be praduced by the same change in plate
voltage. See Figure 11, page 17. This
function can be applied in many ways, de-
pending upon the result desired.

\'acuum tubes can ke classitied into two
g,ene*a categories. according to application
and operating characteristics.

In general, vacuun tubes may
fiec into four groups. according
principal application. These are:

Voltage amplifiers
Power amplificrs
Current amplitiers
General purpo-e amplifiers

A voltage amplifier tube usually has a
very high mu and finds its greatest use
where tremendous vol:age amplification is
desire. This type of tube. like the type
57, must feed into a high impedance device
‘ike the grid of another vacuum tube for
maxinum  voltage amglificaticn.  High nm
tubes are used mostly as radio and inter-
mediate-frequency amplifiers.

A power amplifier tube has a relatively
Tow amplification factor and is used where
the primary consideration requires a maxi-
mum amount of undistorted output. For
maximum power travsfer the load im-

be classi-
to their

pedances must be properly matched to the
plate resistance, which is generally of a
low value. In power tubes, the output
increases with great rapidity as the plate
voltage is increased. hence, for maximum
transfer, power tubes are operated with high
plate voltages.

A current amplifier tube is one that gives
large changes in plate current for very
small changes in grid voltage; in other
words, a tube having a high Sm will pass
high plzte currents; hence, the term “cur-
rent amplifier.” The use of these tubes is
mostly confined to electronic industrial ap-
plicatiors and therefore will not be dis-
cussed Lere.

General  purpose amplifier tubes have
characteristics between voltage and power
amplifier tubes. The usefulness of this type
of amplifier tube, in radio, is practically
without end; for instance, in voltage ampli-
fication where a smaller power output is
desired, and where the connecting link is a
voltage step-up transformer, a general pur-
pose triode will supply the circuit require-
ments. These tubes are now used exten-
sively in class B or C power amplifiers.

From the foregoing it can be seen that
vacuum tubes may be employed in a wide
variety of ways, depending on the result
desired.  In addition to the above classi-
fication there are three principal types of
tube amplifiers and two secondary types.
These types differ largely in the choice
of bias axis, angle of plate current flow
and whether the average DC plate input is
constant or variable,

Class A Amplifier

® The class A amplifier is biased nsually
in the middle of the linear portion of the
dynamic characteristic curve. This is the
usnal cendition of operating vacuum tubes,
since the input impedance is then very high
and very little energy is required to con-
trol the tube. In this type of amplifier,
plate current flows the whole AC cycle, or
360 degrces. The average plate current
waveform is independent of the signal or
exciting voltage.

(Class A amplifiers are used in a’l RF,
IF and low level andio amplifiers in re-
ceivers, It is characterized by low plate
efficiency and power output, but almest in-
finite pcwer gain, because the contrcl grid
never goes positive and thus requires no
erid driving power.

Class B Amplifier

® The class B amplifier is always biased to
the point known as the “theoretical cut-
off.” The plate current is not zero at this
point, but is quite low (no signal present
on the grid). Theoretical cut-off bias
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equals the plate voltage divided by the g,
or amplification factor (not applicable to
pentodes). It can also be determined by
extending the linear portion of the dynamic
characteristic down to the zero plate
current line and reading the negative bias
intercepted at that point. In class B ampli-
fiers, the useful plate-current flow should
last for exactly 180 electrical degrees, or
vne-half cycle,

The class B amplifier is used as an audio
power amplifier where it is too expensive
to provide the required audio power output
from a class A amplifier. It will also give
distortionless ammlification of a radio-fre-
quency wave that has been modulated in
some preceding stage of a transmitter.
Class B is characterized by maximum plate
efhiciencies from 40 to 70 per cent, depend-
ing upon application. This type amplifier
is practically a compromise between power
gain and power output, when functioning
as an amplifier of unmodulated radio-fre-
quency power. For audio-frequencies, it is
necessary to use two tubes i push-pull
in order to eliniinate high distortion. As
an audio-amplifier, the plate input varies
widely with the signal, but the input re-
mains constant when amplifying a modu-
lated radio-frequency wave. At audio-fre-
quencies the power output is proportional
to the square of the grid excitation voltage.

Class C Amplifier

® The class C amplifier is biased consider-
ably beyond the cut-off, and requires the ap-
plication of a high amplitude signal voltage
to carry the grid positive. Plate current
flows for less thun 180 degrees and the pul-
sating  power pulses are usually  quite
peaked, which renders this type of amplifier
unfit for distortionless amplification. How-
ever, for radic-frequency amplifiers and
vacuum tube oscillators it is customary to
use some type of class C amplifier. The
characteristics of the amplifier render it
capable of very high plate efficiency and
power output, although the power gain
drops as the plate efficiency and power ont-
put go up. In general, the output varies
as the square of the plate voltage within
limits. A commeon use for a class C ampli-
fier is that of functioning as a plate modu-
lated RF power amplifier, in which case
the grid must be biased to at least twice
the cut-off.

Class AB Amplifier

® The class AR amplifier is biased some-
where between the class A and the class B
points. Plate current flows for more than
180 degrees, but less than 360 degrees. The
plate cfficiency and power output are inter-
mediate between class A and B, and tubes
with low u are often adaptable to this class
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of service. Amplifiers of this class are
almost exclusively used far audio-frequen-
cies which are generally operated in push-
pull to avoid distortion. The class AB
amplifier was formerly called the class A
Prime Amplifier,

Class BC Amplifier

® I'he Class IDC amplifier is biased some-
what beyond the cut-off, and thus plate
current tlows for less than 180 degrees.
The only applications of the class DC am-
plifier at the present time are the RF linear
amplifier and the grid bias modulated RF
amplifier. In both these amplifiers, fixed low
resistance bias equal to “‘theoretical cut-off”
is supplemented by approximately an equal
amount of cathode resistar bias. This ar-
rangement permits the angle of plate current
flow to be constant and independent of the
audio modulation signal, even though the
actual plate current flow is less than 180
degrees. The power output, plate efficiency

and power gain are intermediate between
class B and C.

Detection

@ Detection is a process by which the audio
is separated from the radio-
signal

modulation

irequency carrier at the receiver.
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s

N

Showing how the average plate current
increases.
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Showing how the average plate current
decreases.
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Detection always involves rectification or
non-linear amplification of an AC current.
All other types of detectors or demodu-
lators provide exactly the same rectification
except the triode, tetrode and pentode de-
tectors which, in addition, combine the
function of amplification to such an ad-
vantage that more over-all amplification can
be obtained with fewer tubes.

There are two types of detectors used in
radio; these are the plate and grid detectors.
How each of these function are briefly de-
scribed below.

The plate detector (or bias detector),
sometimes improperly called power detec-
tor, amplifies the radio-frequency wave and
then rectifies it and passes the audio-signal
componient on to the succeeding audio am-
plifier. The detector works on the lower
bend ir. the plate current characteristic, as
it is biased out close to the cut-off point.
it might be called a class B amplifier. Plate
detectors can be either of the weak signal
or power type. The plate current is quite
low in the absence of a signal and the
audio component is evidenced by an in-
crease in the average unmodulated plate
current. The grid detector differs from the
plate detector, as ‘will be evidenced in the
subsequent explanation,

The grid detector rectifies in the grid cir-
cuit and then amplifies the resulting audio
signal.  The only source of grid bias is
the grid leak, so that the plate current is
maxiunum when no signal is present. This
detector works on the upper, or saturated,
lend of its curve at a high plate voltage,
and tne demodulated signal appears as an
audio - frequency decrease in the average
plate current. However, at low plate volt-
age most of the rectification usually takes
place as a result of the curvature in the
grid characteristic.  As with plate detcc-
tors, grid detectors can be either of the
weak signal, or power type. By proper
choice af grid leak and plate voltage, dis-
tortion can be held to a small value. The
grid detector absorbs somne power from the
preceding stage, because of drawing grid
current. The higher gain through the grid
detector does not indicate that it is more
sensitive. Detector sensitivity is a matter
of rectification efficiency, not amplification
alone.

The grid detector has an advantage when
used as a regenerative detector because the
grid leak usually allows a somewhat
smoother control of regeneration than is
possible with any form of plate or bhias
detection.

Oscillation

® The ability of an amplifier tube to con-
trol power enables it to function as an
oscillator in a suitable circuit. By coupling
part of the amplified output back into the

input. circuit, sustained oscillations will be
generated; that is, if the input voltage to
the grid is of the proper magnitude and
phase with respect to the plate. In gen-
eral, the voltage fed back and applied to
the grid must be approximately 180 degrees
out of phase with the voltage across the
load impedance in the plate circuit and, in
addition, have sufficient magnitude to de-
velop the necessary grid voltage. The volt-
age swings are limited by the circuit losses
and are of a frequency depending upon cir-
cuit comditions,

When a parallel resonant circuit consist-
ing of an inductance and a capacitance
(LC) is inserted in series with the plate
circuit of an amplifier tube and connected
so that the potential drop across its ter-
minals is impressed on the grid in the same
tube 180 degrees out of phase, amplification
of the potential across the LC circuit will
result. The potential would increase to
an unrestricted value were it not for the
limited range of linearity of the tube char-
acteristic and the limited voltage available
on the plate. Therefore, a value will even-
tually be reached limiting the amplitude of
oscillation. When this value is attained,
the process of amplification reverses, re-
ducing the voltage across the LC circuit
as quickly as it had been raised a moment
hefore. 'When the voltage across the reso-
nant circuit reaches zero, it reverses, and
is developed to another value having the
same amplitude but of opposite polarity;
at the pcint of the greatest voltage swing,
amplification again reverses, and the process
continues indefinitely.

The frequency range of an oscillator can
be made very great; thus, by varying the
circuit constants, oscillations from a few
cycles per second up to many millions can
be generated. One of the unique properties
of an oscillator is that it can oscillate at
more than one frequency at the same time;
these frequencies are called harmonics.

One of the most common types of oscil-
lator circuits known is called the “Hartley
Oscillator.” a diagram of which is shown.

SHUNT FED HARTLEY
008 AFC

TToces

e firfi

"R'" Ay

9-8

In this circuit the plate and grid induct-
ances together with the ftank condenser
form an oscillatory circuit known as the
tank circuit. If the condenser in this cir-
cuit be charged, then allowed to discharge
through thie plate and grid inductances as
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shown, the current flow would be alternat-
ing and of decreasing magnitude. The fre-
quency is determined by the size of the
condenser and inductances and is equal to:

1
=
2wy LC
Where f, the cycles per second; L, in
henrys; and C, in farads.

The decrease in amplitude is due to losses
in the tank circuit and to the energy de-
livered to the owput. If sufficient energy be
supplied to this circuit, during each cycle,
to supply the losses and power output per
cycle, the amplitude of the current would
remain unchanged. The function of the
vacuum tube is to deliver the required en-
ergy to the tank circuit.

As the energy stored in the tank circuit
alternates, there will be a time when the
grid will be charged positively with respect
to the filament. A large direct-current plate
current will flow under the iniluence of this
positive grid potential, building up the field
and storing cnergy in the plate choke (in-
ductance). At a time of one-half cycle
later the grid will be negative, thereby
greatly decrcasiag the flow of plate current
and causing the plate choke to discharge its
energy into the tank circuit. This dis-
charge occurs once each cycle and thereby
the necessary energy is delivered to the tank
circuit to maimain oscillations of constant
magnitude.

When the grid is positive with respect
to the filament, electrons ileak back to the
cathode via the grid leak and condenser,
If the value of this RC path is high, a
high effective grid bias results, making the
tube function as a class C amplifier. This
results in maximum outpat and high effi-
ciency.

The best way to classify regenerative
vacuum tube oscillators is by the feedback
coupling method. All such oscillators use
either capacitive or inductive coupling from
the plate circuit back into the grid circuit.
Usually very low-frequency oscillators (be-
low 100 KC) use some form of inductive
coupling, while high-frecuency oscillators
(100 to 100,000 KC) are capacitively or in-
ductively coup]ed however, for frequcnciCs
higher than 100,000 KC, only capacitive
feedback is reqmred

At frequencies above 100,000 KC (3
meters) the effectiveness of the regenerative
oscillator drops off rapidly because the
time of flight from the electrons between
the grid and plate becomes a large fraction
of one cycle of oscillatian. The losses in
regenerative oscillators also become so large
at these frequencies that the plate circuit is
incapable of supplying the grid losses let
alone supplying power for driving an ampli-
fier or antenna,

Thus, at frequencies abuve 100 MC (100.-
000 KC), the newer electron orbit oscillator
is becoming mwore widely used. This type
of oscillator can be of several forms, the
more important bheing the Magnetron and
the Barkhausen-Kurz oscillators,

Color Code for Mica Condenser Marking

® The following color code is useful for
the capacity marking of mica condensers for
manufacturers’ use. The colors are those
adopted as standard in the R. M. A. Resist-
ance Code, as follows:

Numeral Color Numeral Color
0 Black 5 Green
1 Brown 6 Blue
& Red n Violet
3 Orange 8 Gray
4 Yellow 9 White

A prerequisite to the use of this code is
that capacity first be expressed in terms of
micro-microfarads, as .00025 mfd. = 250
mmf.

The three color rings on the face carry-
ing the name are used as follows, reading
from left to right:

1. The first dot indicates the first digit.

2. The second dot indicates the second
digit.

3. The third dot indicates the number of
zeros which appear after the first two digits,
The above covers practically all require-
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ments, but if three numbers exclusive of
zero appear in the capacity, such as 1250

mmf., then the marking is as {follows:
.00125 mifd. — 1250 mmf. — Brown Red o
Greer Brown
.000375 mid. = 375 mmf. — Ozange Violet o
Greer Black
Examples:
.000025 mid. — 25 mm{. = Red Green Black
d 50 mmf, — Green Black Black
100 mm: Brown Black Brown
250 mmf Bed Green Brown
500 mmf, Green Black Brown
750 mmf. — Violet Green Brown
. mf 1000 mmf{ Brown Black Red
.01 mid. — 10000 mm{, — Brown Black Orange

1. The first two digits are indicated in
first and second lots, as usual.

2. The third dot is left blank, which in-
dicates the remaining code is on the reverse
side of condenser.

3. Use is then made of the two code
rings on the reverse side of the condenser
from the trademark, the dot on the left indi-
cating the third digit, and the dot on the
right indicating the number of zeros which

appear after the first three digits, as
{Courtesy Solar Mig. Co.)




Chapter 3

DECIBELS AND LOGARITHMS

Decibels—Technique and Practical
Application

® The decibel unit used in radio engineer-
ing and virtually universal in all power and
energy measurements is actually a unit
of amplification expressed as a common
logarithm of a power or energy ratio. One
decibel is 1/10th of a bel. One bel or 10
decibels indicates an amplification by 10,
the common logarittm of 10 being 1.
Similarly, 2 bels or 2¢(DB means amplifica-
tion by 100; 30DB nreans amplification by
1,000 and so on. The power ratio for one
decibel is expressed as

Py
P,

where P, is the power input; P, the power
output. The number of decibels represents
a power gain or loss depending upon
whether the relation P,/P. is greater or less
than 1.

Expressions for various power ratios are
now commonly employed in communication
engineering at audio and at radio frequen-
cies. To express a ratio between any two
amounts of power, it i3 convenient to use a
logarithmic scale. A table of logarithms
facilitates making conversions in positive
or negative directions between the number
of decibels and the corresponding power,
voltage and current ratios.

The Logarithmic Table

® \ table of logarithms is here presented.
This table does not differ essentially from
any other similar table except thmt here no
prcportional parts are ziven and the figures
are stated to only threc decimal places; this
arrangement has been found to he satisfac-
tory far all practical purposes. A complete
exposition on logarithms is without the
scope of this HANDEOOK, however, the
very essentials together with the practical
wse of the tables and their application to
decibels is given herewith. Thus, a person
need not be concerned with the study of
logarithms other than their direct employ-
ment to decibels.

The logarithm of a number ucually con-
sists o7 two parts; a whole number called
the characteristic, and a decimal called the
mantissa. The characteristic is the integral
portion to the left of the decimal point (see

examples below), and the mantissa is the
value placed to the right. The mantissa is
all that appears in any table of logarithms.
In the logarithm the mantissa is independent
of the position of the dectmal point, while
on the contrary, the characteristic is de-
pendent only on the pasition of the number

with the relation to the decimal point. Thus
in the following examples:
NUMBER LOGARITHM

(a) 4021, = 3.604

D) 402.1 = 2.604

(c) 40.21 = 1.604

(d) 1021 =  0.604

(e) 4021 = —1.604

(i) 04021 = —2.604

It will be seen that the characteristic is
equal, algebraically, to the number of places
minus one, which is the first significant figure
occupied to the left of the decimal point. In
(a) the characteristic is 3; in (b) 2; in (d)
0;in (e) —1; and in (f) —2. The ‘ollow-
ing should be remembered: (1) that for a
number greater than 1, the characteristic is
one less than the number of significant fig-
ures in the number; and (2), that a number
wholly a decimal, and the characteristic is
negative and is numerically one greater than
the number of ciphers immediately tollow-
ing the decimal point. Notice (e) and (f)
in the above examples.

Finding a Logarithm

®To find a common logarithm of any num-
ber simply proceed as directed herewith:
Suppose the number to be 5576. First, de-
termine the characteristic. An iaspection
will show that this number will be three.
This figure is placed to the left of a decimal
point. The mantissa is now found by re-
ferring to the logarithm table. Proceed se-
lecting the first two numbers which are 55,
then glance down the N column untii com-
ing to these figures, advance to the right un-
til comirg in line with the column headed 7,
tie number will be 746, (Note thut the
column headed 7 cosresponds to the third
figure in the number 5576). Place the man-
tissa 746 to the right of the decimal point
making the number now read 3.746. This
is the logarithm of 55376. Important: Jdo not
consider the last figure, 6, in the number
5576 when looking for the mantissa; in fact,
disregard all figures beyond the first three
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when determining the mantissa, however, be
doubly sure to include a/l figures when as-
certaining the magnitude of the character-
istic.

Practical applications applying the logar-
ithm to decibels will follow. Other meth-
ods using the logarithm will be discussed as
the subject develops. See l.ogarithm Table,

Power Levels

® [n the design of radio devices and ampli-
fving equipment the power level is taken at
six milliwatts (.D06w). This corresponds
to the arbitrary reference level of zero deci-
bels. All power levels above the reference
level are designated as “plus” quantities, and
below as “minus.” The figure is always
prefixed by a plus (4) or minus (—) sign
commanding the direction in which the
quantity is to be read.

Power to Decibels

® The power output (watts) of any ampli-
fier may be easily converted into decibels by
the following formula, assuming that the in-
put and output impedances are equal :

P,
Nav == 10 Logyw —
Py

(2)

where Nav is the desired power level in
decibels; P, the output of the amplifier;
and P: the reference level of 6 milliwatts.
The subnumeral, 10, affixed to the logarithm
indicates that tke Log is to be extracted
from a table to which 10 must be raised
in order to produce a number.

By substituting values for the letters
shown in the above formula, take the fol-
lowing illustration:

An amplifier using a 2A5 tube is said to
deliver an undistorted output of three watts.
How much is this in decibels?

Solution by formula (2):

P

Py .006
and Log 500= 2.69

3

5§00

therefore 10 X 2.59 = 26.9 DECIBELS.

By placing other values for those shown
in the solution any output power may be
converted into decibels provided that the
decibel equivalent is abowve the zero refer-
ence level or the power is nof less than 6
milliwatts.

To solve most all problems to which the
solution will be given in minus DBs, a sim-
ple understanding of algebraic adding is
required. To add algebraically, it is neces-
sary to observe the plus and minus signs
of expressions. (1o not confuse these signs
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Three Place Logarithms

N 0 I 2 3 4 5 & 7 8 9

00 000 000 000 000 000 000 000 000 000 000
10 000 004 008 012 0!7 021 025 029 033 037
It 041 045 049 053 056 060 064 068 071 075
12 079 082 086 089 093 096 100 103 107 110
13 113 117 120 123 127 130 133 136 139 143
14 146 149 152 155 158 16) 164 167 170 173
15 176 179 181 184 187 190 193 195 198 201!

16 204 206 209 212 214 217 220 222 225 227
17 230 233 235 238 240 243 245 248 250 252
18 255 257 260 262 264 267 269 27) 274 276
19 278 281 283 285 287 290 292 294 296 298
20 300 303 305 307 309 31l 313 316 318 320
21 322 324 326 328 330 332 334 336 338 340
22 342 344 346 348 350 352 354 356 358 359
23 361 363 365 367 368 371 372 374 376 378
24 380 382 383 385 387 389 390 392 394 396
25 397 399 401 403 404 406 408 409 4!1 413
26 415 416 418 420 421 423 424 426 428 429
27 43] 433 434 436 437 439 440 442 444 445
28 447 448 450 451 453 454 456 457 459 460
29 462 463 465 466 468 469 471 472 474 475
30 477 478 480 481 482 484 485 487 488 490
31 491 492 494 495 496 498 499 501 502 503
32 505 506 507 509 510 511 513 514 515 517
33 518 519 52t 522 523 525 526 527 528 530
34 531 532 534 535 536 537 539 540 54| 542
35 544 545 546 547 549 550 55/ 552 553 555
36 556 557 558 559 561 562 563 564 565 567
37 568 569 570 571 572 574 575 576 577 578
38 579 580 582 583 584 585 586 587 588 599
39 591 592 593 594 595 596 597 598 599 601

40 602 603 604 605 606 607 608 609 610 611

41 612 613 614 616 617 618 619 620 621 622
42 623 624 625 626 627 628 629 630 631 632
43 633 634 635 636 637 638 639 640 641 642
44 043 644 645 646 647 648 649 650 651 652
45 653 654 655 656 657 658 659 659 660 661
46 662 663 664 665 666 66T 668 669 670 671
47 672 673 673 674 675 676 677 678 679 680
48 681 682 683 683 684 685 686 687 688 689
49 690 691 692 692 693 694 695 696 697 698
50 699 699 700 701 702 703 704 705 705 706
51 707 708 709 710 711 712 713 713 715 715
52 716716 717 718 719 720 721 722 722 723
53 724 725 725 726 727 728 729 730 730 73|
54 732 733 734 734 735 736 737 738 738 739
N 0 | 2 3 4 5 &6 7 8 9

with decibels.) In the succeeding illustra-
tions notice that the result was caused some-
times by addition and at other times by sub-
traction,

(a) (b) (e) (d)

2 —4 —4 +4
—4  —2 +2 +2
—9 —6 —2 +6

The terms used in (c) are those that ape
ply to decibel calculations.




Decibels and Logarithms

Three Place Logarithms

N o I 2 3 4 5 6 7 8 9

55 740 741 741 742 743 744 745 746 747 747
56 748 749 749 750 751 752 752 753 754 755
57 755 756 757 758 758 759 760 761 761 762
58 763 764 764 765 766 767 767 768 769 770
59 770 77t 772 773 773 774 775 776 776 777
60 776 778 779 780 781 781 782 783 783 784
61 785 786 786 787 788 788 789 790 791 79I
62 792 793 793 794 795 795 796 797 798 798
63 79% 800 800 80! 802 802 803 804 804 805
64 806 806 807 808 809 810 810 811 811 812
65 813 813 814 814 815 816 816 817 818 818
66 819 820 820 821 822 822 823 824 824 825
67 826 825 827 828 828 829 829 830 83! 83|
68 832 833 833 834 835 835 836 837 837 838
69 838 839 840 840 841 842 842 843 843 844
70 845 845 846 847 848 848 849 849 850 850
71 851 851 852 853 853 854 854 855 856 856
72 857 857 858 859 859 860 860 861 861 862
73 863 863 864 865 865 866 866 867 868 868
74 869 869 870 871 871 872 872 873 873 874
75 875 875 876 876 877 877 878 879 879 880
76 B8O 881 882 882 883 883 884 884 885 885
77 B86 887 887 888 888 889 889 890 891 89|
78 892 892 893 893 894 894 895 896 896 897
79 897 898 898 899 899 900 900 901 902 902
80 903 903 904 904 905 905 906 906 907 907
81 908 909 909 910 910 911 911 912 912 913
82 913914 914 915 915 916 917 917 918 918
83 919 919 920 920 921 921 922 922 923 923
84 924 924 925 925 926 926 927 927 928 928
85 929 929 930 930 931 932 932 933 933 934
86 934 935 935 936 936 937 937 938 938 939
87 939 940 940 941 941 942 942 943 943 944
88 944 945 945 946 946 946 947 947 948 948
89 949 949 950 950 951 951 952 952 953 953
90 954 954 955 955 956 956 957 957 958 958
91 959 959 960 960 960 961 961 962 962 963
92 963 964 964 965 965 966 966 967 967 968
93 968 968 969 969 970 970 971 971 972 972
94 973 973 974 974 975 975 975 976 976 977
95 977 978 978 979 979 980 980 980 981 981
96 982 982 983 983 984 984 985 985 985 986
97 986 978 987 988 988 989 989 989 990 990
98 991 991 $92 992 993 993 993 994 994 995
99 995 996 996 996 997 997 998 998 999 999
00 000 604 008 012 017 021 025 029 033 037
N o I 2 3 4 5 &6 7 8 9

When a solution to a problem involving
logarithms will be in minus DBs, note par-
ticularly that the characteristics of the
logarithim will be prefixed by a minus sign
(—). This sign only effects the character-
istic while mantissa remains positive. The
mantissa always remains thus, no matter the
direction the solution brings the decibel. A
prefix —1 to a logarithm means that the
first figure of the number will be the first
place to the right of the decimal; —2, will
occupy the second place to the right, while

a cipher fills the first place; —3, the third
place with two ciphers filling the first and
second places, and so on.

To multiply a munus characteristic and
a positive mantissa by 10, each par: must
be considered separately, multiplied by 10,
and then the products added algebraically;
thus, in the following illustration:

An amplifier using a 199 tube has an
output of 5 milliwatts, How much is this
in decibels?

Solution by formula (2):

Py .005

— = — = .83
P2 .006
l.og .83 = —1.9 (actunally —1.920)
Therefore 10 X —1.9 = —1 DECIBEL
(10 X —1 = —10; ard 10 X .9 = +9,

hence, adding the products algebraically
= —1).

By substituting other values for those in
the above solution, any output power below
6 milliwatts or the zero reference level may
be converted into decihels.

Determining DB Gain or Loss

@® In using amplifiers it is a prime requisite
to know the decibel gain or loss when the
input and output powers are known. To de-
termine the gain or loss in DB employ the
following formula:

Po
igain) Nav = 10 Log — (3)
Py

Py
(loss) Nav = 10 Log — (4)

where Nay is the nuniber of DB gained or
lost; Py, the input power; and P,, the out-
put power.

Applying, for example, formula (3) : Sup-
pose that an intermediate amplifier is being
driven by an input power of .2 watts. and
after amplification, the output is found to be
6 watts.

Py 6
— =—=30
Py .2
Log 30 = 1.48

Therefore 10 X 1.48 = 14.8 DB POWER

GAIN.

Amplifier Ratings

® The technical specifications or rating on
power anmplifiers must contain the following
information : the overall gain in decibels; the
power ousput in watts, the value of the in-
put and output impedances; the input signal
level in DDB; the input signal voltage; and
the power output level in decibels.

If the specifications on any one particular
amplifier had included only the input and
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output signal levels in DB, it then would
be necessary to know how much these values
represented in power. The methods em-
ployed to determine power levels are not
similar to those used in previous calculations.
Caution should therefore be taken in read-
ing the following explanations with particu-
lar care and attention being paid to the
minor arithmetical operations.

The Anti-logarithm

® To determine a power level from some
given decibel value, it is necessary to invest
the logarithmic process formerly employed
in converting power to decibels. Here, in-
stead of looking jor the log of a number it
is now necessary to find the anti-logarithm
or number corresponding to a given
logarithm,

In deriving a number corresponding to a
logarithm it is important that these simple
rules be committed to memory: (1) that the
figures that form the original number from
a corresponding logarithm depend entirely
upon the mantissa or decimal part of the log;
(2), that the characteristic serves only to
indicate where to place the decimal point of
the original number; and (3), that if the
original number was a whole number the
dp_cli]ma] point would be placed to the extreme
right

The procedure of finding the number cor-
responding to a logarithm is explained as
follows: Suppose the logarithm to be 3.574.
First, scarch in the table under any column
from 0 to 9 for the numbers of the mantissa
574. If the exact number cannot be found,
look for the next {owest figure, which is near-
est to, hut less than, the given mantissa,
After the mantissa has been located simply
glance immediately to the left to the N col-
umn and there will be read the number, 37.
This number comprises the first two figures
of the number corresponding to the antilog.
The third figure of the mumber will appear
at the head of the column in which the man-
tissa was found. In this instance the number
heading the column will be 5. If the figures
have been arranged as they have been found,
the number will now be 375. Now since the
characteristic is 3, there must be four fig-
ures to the left of the decimal point; there-
fore, by annexing a cipher the number be-
comes 3750; this is the number that corre-
sponds to the lagarithm 3.574. If the char-
acteristic was 2 instead of 3, the number
would he 375. If the logarithm was —3.574
or—1.274 the antilogs or corresponding num-
bers would he .00375 and .375 respectively.
After a little experience a person can obh-
tain the numbher corresponding to a logarithm
in a very few seconds.

Converting Decibels to Power

® It is always convenient to be able to con-

26

vert a decibel value to a power equivalent in
order to determine the ratio difference. The
formula used for converting decibels into
watts is similar in many respects to equation
(2), the only difference being that the factor
P, corresponding to the power level is not
known. Usually the formuia for converting
decibels into power is written as

P,
Nav = 10 Losg
.006

(5)

In practice it has been fcund that it is too
difficult to explain the solution to the above
equation on account of the expression being
written in the reverse. However, by re-ar-
runging the various factors, the expression
can be simplified to permit easy visualization,
thus

Nev
P = .006 X antilog

(6)
10

where P is the desired power level; .006,
the reference level in milliwatts; Nan, the
decibels to be converted; and 10, the divisor.
To determine the power level, P, from a
decibel equivalent simply divide the decibel
value by 10, then take the number compris-
ing the antilog and multiply it by .006, the
product gives the power level of the decibel
value.

Note: In all problems dealing with the
conversion of mimts decibels to power it often
happens that the decibel value —Nao, is not
always equally divisible by 10. When this
is the case, the numerator in the factor
—Nan/10 must he made evenly divisible by
the denominator in order to derive the proper
power ratio. Note that the value —Nua is
ncgatlve, hence, when dividing by 10, the
ncgatne signs must be observed and the
quotient labeled accordingly.

To make the numeraior in the value
—Naw equally divisible by 10, proceed as
follows: Assume —Na, to be the logarithm
—38 with a zero mantissa, hence, in order
to make —38 divisible by 10 simply annex
as many units as is necessary from the zero
mantissa and add them to the —38 until the
figure can be equally divided. An examina-
tion will show it was only necessary to add
two units to bring —38 up to —40. CARE-
FULLY NOTE that every unit borrowed
from the zero mantissa must be returned to it
as a positive quantity multiplied by 10. Thus,
the two units borrowed te bring —38 up to
—10 is returned as 20, making what was a
zero mantissa now have a value of 20. The
numerator —Nan, now becomes —40.20:
this figure can now be equally divided by 10.

While the above discussion applied strictly
to negative values the following examples
will clearly show the technique to be followed
for most all practical prablems.

(a) The output level of a popular velocity
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Decibels

ribbon microphone is rated at —74+DB. What
is this cquivalent in milliwatts?
Solution by equation (6)

—Nat —T4
= (not equally divisible by 19)
10 10
Routine:
-4 mantissa
+6 60 (6X10)
—&0 60
—Ndu —&§0.60
= = —8.6
10 10

Antilog —8.6
.046X.00000004

.00000004
000000000240 or
210 MICROMITRO-

WATTS

(b) This example ditfers somewhat from
tkat of the above in that the nmantissas are
added differently—A low powered amplifier
has an input signal level of —17.3DB. How
many milliwatts does this value represent?

Solution by equation (6)

—17.3
—Nap = —— = —2.33
10
—17 . 3
4+ 3. 30
—20 . 33

(The mantissas were added as 30 plus 3,
and NOT .3 plus .30)

Antilog —2.33 = 0214
.006 X .0214 = 000128 or

.13 MILLIWATTS.

Voltage Amplitiers

® When plans are being drafted contemplat-
ing the design of power amplifiers it is es-
sential that the following data be determined:
First, the input and output signal levels to
be used; second, the size of the power tubes
that \yould a(lequatd\ deliver an undistorted
qutput; and third, the input signal voltage
m'xt st bhe apphe(l to the amplifier to de-
liver the desired output. This last require-
ment is the most 11111):>rtant inn the design of
vchage amplifiers as it is the ratio of the
input signal voltage tc the output signal volt-
age that governs the amount of amplification.

The voltage step-up in a transformer
coupled amplifier depends chiefly upon the
mu of the tubes and the turms ratio of the
inter-stage coupling transforn:ers.  The step-
up value in any amplifier is calculated by
multiplying the step-up factor oi each volt-
age amplifying or step-up device. Thus for
example, if an amplifier were designed hav-
ing an output transformer with a ratio of 3:1
coipled to a tube having a mm of 7, the
voltagwe step-up would be approximately 3
times 7, or 21. It is seldom that the total
product will be exactly the figure derived

because it is not quite possible to obtain the
full mu of the tube.

From the voltage gain in an amplifier it
is possible to calculate the input and out-
put signal levels and at the same time be
able to determine at what level the imnput
signal must be in order to obtain the desired
output. By converting voltage ratios into
decibels, power levels can be determined.
Hence, to find the gain in DB when the in-
put and output voltages are known, the fol-
lowing expression is used:

E,
(gair) Na» = 20 Log — M
E,

where .. is the output voltage: and E.. the
input voltage.

Employing the ahbove equation to a prac-
tical problem, note that the logarithin is mul-
tiplied by 20 instead of by 10 as in previous
examples.

A certain one-stage amplifier consisted
of the following paris: 1 input transformer,
ratio 2:1: and 1 output tube having a mu
of 95, Determine the gain in decibels with
an input voltage of 1 volt.

Solution by equatiort (7)

2 X 95 = 190 valtage gain

E, 190
therefore, — = — = 190
. 1
Lag 190 — 2.278
20 X 2.278 = 45.56 DECIBEL GAIN

To reverse the above and convert decibels
to voltage ratios, use the following ex-
pression :

Nan

E (gain) — antilog (8)

where E is the voltage gain (power ratio) ;
Nan. the decibels: and 20. the divisor.

To find the gain, simply divide the deci-
bels by 20, then extract the antilog from the
quotient, the result gives the voltage ratio.

Input Voltages

® [n designing power amplifiers, it is para-
mount :o have exact knowledge of the mag-
nitude of the input signal voltage necessary
to drive the output power tubes to maximum
undistorted output. Without this information
it wouid largely be a matter of guesswork
in detarmining whether or not the power
stages were being worked overloaded or
underlcaded.

To cdetermine the irput voltage take the
Pealk zoltage necessary to drive the grid of
the output tube to maximum and divide this
figure by the total overall gain preceding the
last stage.
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Microphone Levels

@ Practically all acoustic-electric apparatus
energizing amplifiers have output levels rated
in decibels. The output signal levels of these
devices vary considerably from each other as
may be noted from the table above:

Decibels Average

Phonograph pickup 0to —30 —15
Carbon microphones —30 to —60 —45
Piezo-elec. micro-

phones —70 to —80 —75
Dynamic micro-

phones —75 to —95 —85
Condenser micro-

phones —95 to —100 —97
Velocity micro-

phones —100 to —110 —105

In general, the lower the output signal
level, the higher will be the acoustic fidelity
over the entire audio spectrum. On the
other hand, the higher the input signal level,
the lower will be the overall fidelity.

The output levels of microphones and
phonograph pickups have the same power
values ascribed to them as those derived
from calculating power output levels of am-
plifiers. Therefore, the same equations em-
ploved in connection with power ratios are
similarly applied when converting output
signal levels to power levels.

Computing Specifications

® From the preceding explanations the fol-
lowing data can be computed with a very
high degree of accuracy:

(1) Voltage amplification

(2) Overall gain in DB

(3) Output signal level in DB

(4) Input signal level in DB

(5) Input signul level in watts

(6) Input signal voltage

Push-Pull Amplifiers

® To double the output of any cascade am-
plifier it is only necessary to push-pull the
last amplifying stage and replace the inter-
stage and output transformers with push-pull
types.

To determine the voltage step (voltage ra-
tio) of a push-pull amplifier take the ratio
of one half of the secondary winding of the
push-pull transformer and multiply it by the
mu of one of the output tubes in the push-pull
stage ; the product, when doubled, will be the
voltage amplification or step-up.

Note: Doubling the output power of any
amplifier will not double the output signal

>

"
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level. In general, doubling the power adds
about only 3 DB. )

Acoustically, that is from the loudspeaker
standpoint, it takes approximately one DB
to note any appreciable change in the volume
of sound. This is because the intensity of
sound as heard by the ear varies logarithmic-
ally with the acoustic power. For practical
purposes it is only necessary to remember
that if two sounds differ in physical in-
tensity by less than one DB they usually
sound alike. If they are much more than
one decibel apart one sounds slightly louder
than the other. This quantitative data is also
applicable to amplifiers in that the output
signal levels must differ by at least 1.5 DB
in order to note any change in volume.

Pre-amplifiers

® Pre-amplifiers are emplored to raise low
input signal levels up to some required input
level of another intermediate or succeeding
amplifier. For example: If an amplifier was
designed to operate at an input level of
—30DB, and instead, a considerably lower
input level was used, a pre-amplifier would
then have to be designed to bring the low
input signal up to the rated input signal level
of —30DB to obtain the full undistorted out-
put from the power tubes in the main am-
plifier. The amount of gain necessary to
raise a low input signal level up to another
level may be determined hy the following
equation :

Ndab; — Ndng
E(gain) = antilog —— (9)
20

where E is the voltage step-up or gain;
Nam, the input signal level of the pre-ampli-
fier or the new input signaf level; Naw, the
input signal level to the intermediate am-
plifier ; and 20, the divisor.

To apply the equation, take the following
example: If a 7-watt amplifier had an input
signal level of —32.8DB and a microphone
had an output signal level of —60DB whick
was exciting the amplifier, how much voltage
amplification will be necessary to raise the
gain up to —32.8DB so that the amplifier
will work at full output? )

Nany — Nab, 60 — 32.8
= = 1.355
20 20

Antilog 1.355 — 22.6 VOLTAGE GAIN

The additional gain can be obtained by
designing a pre-amplifier having an input
transformer with a ratio of 2.5:1 coupled to
a tube having a mu of 9.

- O

-
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Impedance Matching Networks

Design of Fixed

Networks
(T&H Pads)

@ The “T” section, which is an unsymmet-
rical network (unbalanced} is most fre-
quently used where small unbalances in the
line or to ground are of little importance.
Fixed type networks are chiefly employed in
circuits where it is desired to limit the

Rx Rx

"H” Pad.

2Ry

FIG. 1—"T" Pad.

amount of input voltzge avazilable to_excite
amplifiers, thus precluding the possibilities
of overloading certain components in the am-
plifying system. A resistive network which
functions as an absorption device loses its
identity as a “pad” and is most often referred
to as an “insertion loss,” because the section
has been inserted to zttenuate a known and
definite quantity.

To design a fixed T or “H” type sec-
tion for some predetermined loss in DB, the
fcllowing equations are givea. These equa-
tions only hold gool when the line im-
pedarces terminating each end of the network
are equal; therefore from Figure 1 where Ry

- Z (K—1)
=
2 (K+ )
K
Ry=22 ———
(K2—1)
Nab
K = antilog —
24

equals the series resistor (this value must
be multiplied by 2 for ““T™ sections) ; Ry. the
shunt resistor; Z, the line impedance ; and K,
a constant derived by taking the inserted
attencation in DB and dividing by 20, then
extracting the antilog.

Impedance Matching Networks

® At audio frequencies an impedance match-
ing network comprised of resistive im-
pedances can bhe substituted for an impedance
matching transformer or like device. Unfor-
tunately, this tyvpe of network intraduces a
small loss: however, this loss is of little
consequence because it can be coumteracted
by simply working the input or output cir-
cuits at a higher level,

Ry R
Rs% 22— %n; e Re
[ —

-

FIG. 2—Impedance Matching Network.

In Figure 2 it is very important that the
resistors R-1 and R-2 be placed correctly
in the configuration otherwise impedances
will be mismatched and reflections will oc-

Ry

FIG. 3—"L"-Type Network.

cur in the system. In Figure 3, resistor R1
must iace the higlest terminal impedance.
To design an impedance matching network

of the “T” type requires the use of the fol-
lowing equations:

(Rs + Ru) K; + (Rs — RvL)

R-1
2
(Rs +RL) K; — (Rs — RL)
o 2
(Rs 4 Rr)
R3= —oo—— _
2K,

Where R, is the input impedance; Ry, the
output impedance: and K; and K. are con-
stants taken from the table shown on page 30.
These constants appear directly oppasite the
amount of attenuation in the Na column:
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Nab K, K
] .057 0.115
2 114 0.232
3 171 0.362
4 .226 0.477
3 .280 0.609
6 .331 0.747
7 .382 0.897
8 430 1.055
Y .476 1.233
10 519 1,422
11 .560 1,634
12 598 1.863
13 634 2,122
14 .667 2.404
15 697 2,720
16 726 3.075
17 752 3.468
18 776 3.907
19 .798 4.398
20 .818 4.952
21 .835 5,555
22 .852 6.262
23 867 7.013
24 .880 7.868
25 .893 8.870
26 904 9.977
27 .914 11.188
28 923 12,484
29 .931 14.091
30 .938 15.734
31 .945 17.744
32 950 19.810
33 .956 22.339
34 960 24.939
35 .965 27.121
36 .968 31,393
37 972 35.397
38 .975 39.515
39 .978 44.555
40 .980 50.237
41 .982 56.079
42 984 63.230
43 .985 70.583
44 987 78.792
45 .988 88.836
46 .990 100.165
47 .991 111.813
48 .992 126.070
49 .993 140.729
50 .994 158.672

To design an impedance matching net-
work of the “L” type requires this set of
equations :

Ry = Zx(Zx — Zy)

ZxZy
Rpme ——————
VZx(Zx — Zy)

Since the insertion loss is a function of
the impedances terminating the network it
can be calculated as follows:

/Zx Lx
k= )=+ }/=—1
l Z’ l Zy
Where loss in DB = 20 Log,«K.
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Radio Data Charts

® Radio data charts provide designers of
amateur radio equipment with a ready and
convenient means of solving problems with-
out having recourse to complicated formula
and mathematics.

To properly use the chart and to prevent
disfiguring the page, simply place a piece of
tracing paper, celluloid, or waxed paper over
the scales, then, the index line which inter-
cepts the scales may be drawn with a hard
pencil and a straight edge.

The first chart which is a logarithmic
alignment nomogram will salve many prob-
lems encountered in ordinary practice.

Voltage Drop Calculation in
Resistors

@ To find the voltage drop for a certain
bias for a self-biased tube, add three ciphers
to the value desired, seek this value on scale
A; next, search for the wvalue which cor-
responds to the plate current (cathode cur-
rent) on the B scale, now, drawing a line
between these two pomts will intersect a
point on C, this corresponds to the ohmage.
Hence, a resistance required to produce 9
volts bias for a triode which operates at 3
MA plate current is: on the A scale, 9 plus
three ciphers equals 9000; on the B scale
3MA; and the ohmage 3000. is found on C.

Wattage or Heat Capacity in
Resistors

® To find the power liberated in watts by a
certain resistor when ohmage and voltage
is known, proceed as follows: On C find
the voltage, on A, the resistance; draw a
line connecting these two points over to
the B scale, next, find the voltage (for the
second time) on the A scale and draw a
line from point B through A, the wattage
will be given on C. See the auxiliary Fig-
ure for an example.

If the current instead of the voltage is
known in the above procedure, the technique
is as follows: On C find the value of cur-
rent, on A, the resistance, a line drawn con-
necting these points will intercept the watt-
age rating on V.

Series Capacity Calculations

® To determine the value of any #wo series-
capacities, find one of the values on C and
the other on B, draw a line to connect these
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Jones Radio Handbook Logarithmic Alignment Nomogram.
A v two points: next, add the values of the ca-
fecia pacities on B, then from this new point, draw
C L — W « « -
] a line to intersect A, and the series value
/;/ will be read on C.
T« FIG, A . .-
d T E"f If three series capacities are to he em-
I I D A ployed, the value of any twa of them is found
& L — as above, and then this is treated as a single

capacity and its value combined with the
third can be found by repeating the process
which can be carried on indefinitely.

An example illustrating the method is
shown in auxiliary Figure (b).

Nore: Raise the A scale the distance
from 1 to 18 when the reading is beyond
the bottom, or by taking a piece of tracing
paper and tracing the A scale so as to ex-
tend it another length of 1 to 10.

Parallel Resistor Calculations

® These are treated exactly as series ca-
pacities, and the above explanation will solve
all values.
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Coil Winding Considerations

® It is often necessary to know, in coil
winding procedure, the resistance of coils
when re-wound to the same volume with a
wire larger or smaller than the coil was
originally wound with; hence, by knowing
the size of the wires, the circular-mil areas,
and the ohmage of the original winding, the
ohmic value of the new winding can be
found as follows: select the value corre-
sponding to the circular-mil area of the new
winding on the C scale, select the value cor-
responding to the ohmage of the original
winding on the V scale, draw a line to A
intersecting these points; next, on C find
the value corresponding to the circular-mil
area of the old winding, a line drawn from
A to C will intercept the ohmage of the new
winding on V.,

These calculations are based on the prin-
ciple that resistances are inversely propor-
tional to the squares of the wire sizes. This
is sensibly true for a change of a few sizes.
but the error increases with the range of
sizes which should not be over five,

Sound and Light Calculations

® The intensity of sound and light, on a
surface varies inversely as the square of the
distance from the source. Variations pro-
portional to the square is of importance in
the sound, light, magnetic and gravitational
fields. By employing the considerations
given in the preceding paragraph all prob-
lems enunciated in this topic can be solved.
By using the example shown in auxiliary
Figure (a) it will be found that if a sur-
face 12.7 feet distant from a light source
receives an intensity of 100 foot-candles
when moved 20.2 feet from the light, it will
receive 30.5 foot-candles.  (After C.P.
Nachod, N&US Sig. Co.)

&
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Areas of Circles

® The area of any circle can be found by
placing the Pi constant (3.1416) on A and
the radius on C, the area will be found on V
when a line intersects V drawn through A
and C.

Another method for finding the area is to
place the constant 0.785 on A, the diam-
eter on C and the area will be found on V
when a line is drawn through A, C.

Circumference of Circles

® Tle circumference of any circle can be
found by placing the Pi constant (3.1416)
on B and the diameter on €, a line connect-
ing B. C will intercept the circumference
on A,

Multiplication

® The multiplication table is represented on
scales A, B, and C. A line drawn through
values on scales B, C will intersect the
product on A.

Division
® To divide the process of multiplication is
reversed, the values for the divisor will ap-
pear on the C scale, and the dividend on A

and a line drawn through these points .will
intersect the quotient on B.

Square Root

® To extract the square root of any num-
ber, seek the number on the A scale and the
root will appear horizontally on either the
B or C scales.

Powers of Numbers

® To raise the number to the fourth power
(3 X 3 X 3 X 3 = 81), select the number
in both the B and C coluinns, a horizontal
line drawn through these points intersects
the fourth power on the V scale.

- ©
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Chapter 4
RaDIO CODE INSTRUCTION

® Every person who desires to operate an
amateur transmitting st