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Modulation in Radio
Telephony

By R. A. Heising *

Presented at Radio Club of America, Columbia University, Feb. 25, 1921

The Modulated Antenna Current

The average radio amateur on entering
the radio telephone field, must bear in mind
the fact that he has much to learn to make
a satisfactory telephone set that was not
necessary for a telegraph set. Also, that
because the nature of the signals to be
transmitted is different, certain methods of
operation and certain requirements which
were proper for telegraphy are decidedly
improper for telephony. Neglect of these
facts and a blind effort to apply to tele-
phony the rules for telegraphy will result
in a considerably poorer set than should be
the case. .

Before discussing any of the systems o
modulation, it appears desirable to point
out some of the essential facts concerning
radio telephony. By doing so, the reason
for many modulation circuit connections
will be better understood and the finer
points which distinguish a poor arrange-
ment from a good one will be appreciated.
A study of the form of the antenna current
as influenced by a signal will give us many
pointers as to the best arrangements for a
good circuit. .

Human speech, which is the signal to be
transmitted in radio telephony, consists of
an aggregation of frequencies lying largely
between 200 and 2000 cycles per second,
having various amplitudes, periods of dura-
tion, and transients at the beginning and
end, so arranged as to convey information
te the listener. To convey the human voice

* Engineer, Research Laboratories of American
Telephone & Telegraph Co. and Western Electric
Co., Inc.

by radio it is necessary to provide a sys-
tem which will convey all of these frequen-
cies; that is, it must reproduce each fre-
quency at the receiving end and reproduce
it with the proper amplitude in comparison
with the others, and reproduce its “tran-
sient” or amplitude variation at the begin-
ning and the end, and it must do this for
each frequency while doing it for others.
This is enormously more difficult than
transmitting a telegraph signal. To trans-
mit a telegraph signal it is only necessary
to produce some kind of a noise at the re-
ceiving station and the signalling is done
by varying the duration of this noise. The
noise does not have to bear any relation te
any noises at the transmitting station but
needs only to be something the receiving
operator can hear. In telephony, any noise
will not do, because the noise to be repro-
duced must be identical with the noise pro-
duced at the transmitting station, it must
contain the same frequencies, give them
their relative. amplitudes, and have them
last the proper length of time. The com-
plexity of the signal necessitates a control
of the radiated wave not necessary in a
telegraph system and it is the control which
is such an important part of the radio tele-
phone circuit.

An example of a radio telephone wave is
indicated in Figure 1. The carrier wave
amplitude is here varied according to the
wave form of the signal. The precision of
control required to cause the proper an-
tenna current, regardless of the millions of
forms the signal may take, is quite evident.
This signal on being received and rectified
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will reproduce the modulating signal, since
the rectified current will be substantially
{)rgportional to the high frequency ampli-
ude.

In the discussion of a radio frequency
eurrent, it is usual to assume a simple sig-
nal as the modulating signal, as most of the
necessary information can be secured with
that assumption. It is assumed that the
signal to be transmitted is a single sine
wave of some audio frequency such as 800
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FIG 1 H.F wave Modulated by a Speech Signal

eycles. A modulated antenna current car-
rying this signal is represented in Figure
2. This antenna current is expressed by
the equation

i=A{ + Ksinpt)sinwt (1)

In this equation sin wt represents the ra-
dio frequency wave and sin pt the signal
frequency wave. K is known as the modu-
lation constant and is usually expressed in
percentage form. When no signal is being
transmitted the high frequency amplitude
is A and the constant K is zero. If a signal
of such a loudness as to make K equal to
unity is spoken, the term 1 + k sin p ¢t
varies between values of 0 and 2 depend-
ing upon sin p t passing through the values
—1 and +1 and the amplitude of the high
frequency current varies between zero and
24. That is, the modulation of the current
eauses it to rise, as well as fall, and it
should rise as much above as it falls below.
If the system is so constructed that the am-
plitude does not rise, but is varied down-
ward only, a speech signal will produce a
wave of the form shown in Figure 3. In-
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F1G 2 HF Wave Modulated by a Single Sine Wave Signal

spection of this indicates that a great dis-
tortion is produced. The amplitude should
vary so as to follow the dotted signal line,
but the failure of the system to cause the
current amplitude to rise chops off one-half

of the speech signal and gives an imperfect
reprcduction at the receiving end. This
one-sided or improper modulation is to be
avoided if possible.

Those who are acquainted with elements
of trigonometry will observe that we can
change the form of the equation (1). Such
a change does not affect its validity at all
but does point out one or two new facts.
The equation can be illa{nged to:

cos (w -+ p)t

t=A sin w t—

AK

+ cos (w—p)t (2)
This equation indicates that a sustained
wave, such as shown in Figure 2 and rep-
resented by equations (1) and (2), can be
said to consist of three frequencies—

The radio carrier frequency of ampli-
£
tude A
An upper side frequency of ampli-
2r
KA
tude
2
w—p
And o lower side frequency of am-
2r

KA
plitude

-2
When no signal is being transmitted, K =
0 and the only frequency is the radio car-
rier frequency with amplitude 4. As soon
as the signal begins to modulate the wave,
w+p w—p
the side frequencies and of
2r 2
KA

amplitude appear while the carrier

remains unchanged. The modulation of the
radio wave thus takes the form of the pro-
duction of side frequencies. At the receiv-
ing station, the beats between the carrier
frequency and the side frequencies, when
rectified, produce the frequency of the
transmitted signal.

If the signal to be transmitted consists
of many frequencies such as 200, 500,
1200, and 2000 cycles, the frequencies in
the antenna will be the carrier frequency
f and the side frequencies f-200, f—200,
f+500, f—500, f+ 1200, etc. In telephony,
human speech contains frequencies largely
between 200 and 2000 cycles so that to
transmit speech by radio we must expect to
have in the antenna the carrier f and the
side frequencies f+ (200 to 2000) and f—
(200 to 2000). That is, if we use a
carrier of 50,000 cycles there will occur in
the antenna the frequencies—



The carrier 50,000 cycles
Lower side frequenmes between 48,000 and
49,800
Upper side frequencies between 50,200 and
’
giving us a bard 4,000 cycles wide necessary
for the transmission of speech.

TN . Desired Signal

FIG.3 An improperly Modulated Wave

Having described in detail the important
features of a radio telephone wave, we are
now in a position to point out a few facts
of vital interest to an amateur. In
radio telegraphy, it is customary to tune
and adjust the set for the maximum
antenna ecurrent that it is possible to
obtain. Signalling is then done by making
and breaking the circuit causing the
antenna current to fall to zero in the
spaces and rise to the maximum in the
dots and dashes. The greater the
antenna current, the greater is the
VARIATION in the current when sig-
nalling. The VARIATION in the current
is what is desired and the maximum
antenna current is tuned for only because
the change in current between that value
and zero gives the greatest VARIATION.
The VARIATION in the current while
signalling is thus the factor which deter-
mines the loudness of the received signal.
In telephony the VARIATION in the
antenna current while signalling is also
the determining factor as regards loudness
of signal or distance to be reached, but
the amateur must remember that the de-
termination of the maximum VARIATION
is not so easily done as in the case of
telegraphy. The antenna current is not
merely reduced to zero in spaces and then
returned to the normal value, but it varies
through all possible values from zero to
TWICE THE NON-SIGNALLING
VALUE. In telegraphy the current is
either zero or maximum. In telephony it
has a certain non-signalling value (4 in
equation 1 and Figure 2) and takes all
possible values between 0 and twice the
non-signalling value (24 in equation 1)
and the apparatus must be capable of pro-
ducing any possible value between these
limits. Therefore the amateur is warned
that when he tunes his set up for the non-
signalling value A, he must see that the
system that he uses has some variable in

it which when operated upon by the speech
will make the set give 24 in the antenna.
Failure to remember this will result in
producing one-sided modulation as shown
in Figure 3

In telegraphy, it is possible to determine
with the antenna ammeter alone the VARI-
ATION in antenna current while sig-
nalling. When the key is open the current
is zero, when it is closed the current is a
maximum. In telephony, unfortunately for
the amateur, there is no simple apparatus
to tell what the variation is, or to tell him
when he is getting complete modulation.
There are, however, two indicators which
will give an operator some idea of his de-
gree of modulation. The first is the vari-
ation in the reading of the antenna am-
meter. When a wave is completely modu-
lated by a symmetrical signal in a properly
adjusted set, the antenna ammeter read-
ing increases by about 221%¢%. (To be
exact, the reading is v (1.5) times the non-
signalling value). This must not be taken
as an infallible guide as it is not easy to
get a set adjusted so as to make this in-
dicator worth much. A badly distorted
wave will give a reading variation of even
greater than this amount. Judgment
should not be passed upon this evidence
alone. The second indicator is the quality
of the received signal. The signal from a
set which tends to “over-modulate” has a
peculiar sound often described as “tinny”.
It sounds like the voice of a person holding
a sheet of paper against the lips. It is
caused by the over-modulating action
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FIG 4 Colpitts System

cutting off the peaks of certain loud signal
waves. The identification of this kind of
distortion can be learned by observation.
The amateur must not let his imagination
get the better of him and confuse micro-
phone distortion or other noises and distor-
tions with this over-modulation distortion
as many do. He should learn to identify
the sound under conditions that will net
give him the wrong impression of its
character. This indicator is the only cheap
indicator of complete modulation at present
available to the amateur. It is much more
reliable than the antenna ammeter method,
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but indicates only over-modulation. It will
be found, however, to be useful.

Having discussed the nature of a modu-
lated antenna current, we are now in
position to discuss some of the systems
which produce it.

Colpitts System
Among the systems of modulation which
may be of interest may be mentioned
Colpitts’ system shown in Figure 4 and a
modification of it, the Logwood system
sheown in Figure 5. This system is
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FIG 5 Logwood5 Circurt

primarily an oscillator upon the grid of
which the speech signal is impressed. In
this circuit the grid acts as control mem-
ber for the amplitude of the oscillation.
However, as the grid is also used for con-
trolling the current through the tube while
oscillating, it is compelled to perform
two different functions simultaneously
and unless the circuit is very carefully
adjusted, it fails in either one or the other.
Usually the amateur will adjust the oscil-
lator to get the most power into the
antenna and then impress the signal upon
the grid expecting perfect operation as
easily as is secured in telegraphy by open-
ing and closing the key. Such, however,
is not what results. This system gives
about 209% modulation, which is quite
poor. To adjust this circuit to give com-
plete modulation requires much more com-
plicated apparatus that the amateur is
likely to possess, and there is added the
fact that the adjustment is not only diffi-
cult to obtain, but is difficult to maintain.
The efficiency of such an arrangement is
not very high. For an amateur who wishes
to secure good range the system is not ad-
vised. If, however, one is merely interested
in something which will talk a short

distance, it is one of the easiest systems
to construct.

Van der Bijl System

A system which we have used in many
of our experiments is shown in Figure 6
and is known as the Van der Bijl system.
It falls under a classification of systems
known as “amplifier systems” in which a
small amount of power is modulated and
then the modulated current is amplified
into the antenna. The modulation is done
in this circuit by means of a tube in which
we make use of its curved characteristic.
In Figure 6 will be observed a small high
frequency voltage with the time axis
running downward, which is impressed
upon the grid and whose position on the
characteristic curve is varied by the signal
to be transmitted. The varying slope of
the characteristic eurve causes the high
frequency current in the plate circuit to
change, depending upon what part of the
characteristic curve this small voltage wave
operates. If it operates around the point
marked B, it produces the amplitude in-
dicated directly to the right of the letter B.
If it operates around the point marked C,
it produces a much greater amplitude as
is indicated to the right of that letter. If
the signal should slide this wave down to
the point A, practically no alternating
space current occurs. We thus have the
phenomenon of being able to get any alter-
nating space current we desire by merely
sliding the high frequency input up and
down the curve. If we use the signal to
slide this small input up and down, the
amplitude produced in the plate circuit is
such that a line drawn through the peaks
(the envelope of the peaks, so to speak)
ijs the wave form of the signal desired.
Having once secured a small amount of
modulated high frequency current, it is
only necessary to amplify it up to the

FI6 & Van der Bij!'s System



desired power and put it on the antenna.

This type of system, though fairly
simple, is not as good as some to be
described later. It is however, as good
and as efficient as any other amplifier sys-
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E., of figure 13) finding the values at
which he gets maximum current and mini-
mum current in the antenna. After having
determined these values, he should set the
negative voltage at about the value half-
way between these limits, the

\V value being that which will
give 1% the maximum antenna

since the non-signalling value

PRl 0

current. The circuit it then
properly adjusted for speech
is % the maximum possible.
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tem. That is, it is as good as any system
in which a small amount of power is modu-
lated by some means and then amplified to
the desired point. The efficiency in these
systems is determined by the efficiency of
the ‘amplifier and has very little connection
with' modulating arrangement itself.

-The_circuit which we used in our test
at Arlington, 1915, is given in Figure 7.
The average amateur should be able to pick
out the oscillator, modulator and amplifiers
in ‘this circuit without much trouble.

Modulating Amplifier System

A modified form of the Van der Bijl
system is that indicated in Figure 8. It
is known as the “modulating amplifier”
system. It differs in detail from the previ-
ous arrangement in that the high fre-
quency wave impressed upon the grid is
equal to or much larger than the signal
wave, instead of being much smaller, and

cl
e
.

i é cheating himself out of some
I power when he reduces the
‘ antenna current to half the
maximum, because he is not.

%i The speech signal coming in
| == and being impressed will
. momentarily oppose the battery
at times and cause the power to
rise to the maximum, and at
other times will momentarily aid the
battery, causing the power to decrease
to zero. He has a value about which
the antenna current can both increase and
decrease by the mere changing of the
potential of the grid. This gives him a
circuit adjustment which will produce an
antenna current as indicated in Figure 1
or Figure 2. It can rise to a higher value
as well as decrease to a lower value by a
mere potential change which in this case
is his grid potential, and he can get a
properly modulated, if not a completely
modulated, antenna current. The natural
inclination of the amateur is to leave the
value of E. such as to give him the maxi-
mum antenna current. If he does this, he
can only secure an improperly modulated
current such-as in Figure 3. His signal
impressed from the transmitter and the
transformer has alternating potentials
which in some instances aid the battery

in that the modulator not only modulates, -

but amplifies and delivers the modulated
high frequency current directly to the
antenna. This system should be of some
interest to an amateur because it is one
he can quite easily construct. It requires,
however, two or more tubes. One of the
tubes must be used to generate the high
frequency oscillations, while the other is
used as the modulating amplifier. These
tubes may be of different sizes; the one
generating the high frequency oscillations
does not have to be over 1/10 the power
rating of the modulating amplifier tube.
If the tubes are of very large size, it may
be necessary to use a speech amplifier be-
tween the microphone and the modulating
amplifier.

In a system of this kind, it is de-
sirable to have a high frequency amplitude
several times the signal frequency ampli-
tude. The experimenter should vary the
negative voltage (K. of Figure 8 or
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E., and other instances oppose it. At those
instances where it aids the grid hattery
and makes the grid become more negative,
the antenna current will be modulated in
a downward direction. But in those in-
stances when it opposes the grid battery
and reduces the grid potential it should
raise the antenna current. If he does not
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make the non-signalling antenna current
half the maximum by increasing the nega-
tive grid battery he will be operating about
the point of maximum antenna current and
nothing he can do on the grid can ever
make the current any greater. Since his
speech signal contains equal amounts of
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positive and negative potentials which al-
ternately aid and oppose the battery, he
will get modulation only for that half of
the signal which aids the battery, giving
him the identical improperly modulated
signal represented in Figure 3. To secure
the complete radio signal, he must increase
his negative grid voltage to such a value,
as mentioned previously, as will allow the
incoming speech signal to oppose the
battery and increase the antenna current
at times as well as to aid it and decrease
it at other times.

A set of curves such as a person would
get from a modulating amplifier is in-
dicated in Figure 9. The curve for antenna
current (I.) was secured by slowly vary-
ing the negative grid potential and taking
readings of the antenna current at the same
time. As we approach the value of 100
volts on the grid, it is seen that the antenna
current is rising so slowly that it is not
desirable to go any farther in that direction.
In fact, for most work, it is better not to
g0 to a smaller value than 200 volts. This
is marked by the letter Z. Half way be-
tween this value and that value W at
which the antenna current is reduced to
zero is marked the value X which is the
amount of negative voltage we would apply
to the grid when not signalling, If now,

we produce by means of a microphone
and transformer the simple signal in-
dicated with the time axis running down-
ward, we can cause the potential of the
grid to vary. The potential of the grid is
the sum of the constant negative potential
280 volts and the varying signal potential,
and the grid’s potential will range be-
tween the points W and Z, causing the
high frequency antenna circuit to vary be-
tween the maximum and minimum values.

Constant Current System

The most desirable circuit for most ama-
teurs to use is the constant current system.
This has been described in numerous
papers but is indicated again in Figure
10. It consists essentially of an oscillator
and a modulator tube being supplied in
parallel from a constant current source.
The constant current source needs to be
of constant current only as regards the
signalling frequency, and then does not
have to be exactly so, but merely relative.
The simplest arrangement is indicated as
consisting of a constant potential generator
with a large choke coil in series. Any varia-
tion. of current through the generator and
choke coil at the signal frequency is enor-
mously opposed by the large choke coil, so
that if a signal is impressed upon the grid
of the modulator tube causing the current
taken by it to vary, the variation must
pass through the oscillator for the reason
that the large choke coil imposes such a
large impedance to any variation in current
through the generator that the variable
current is forced through the oscillator.,
This causes the oscillator to deliver an
antenna current which varies according to
the power supply.

The behavior of the constant current
system is represented in Figure 11. The
modulator has such a negative voltage that
its space current is about the same as
that of the oscillator. Theoretically they
should be exactly the same but practically
the modulator can be adjusted to take one
half the space current of the oscillator
when not signalling and on account of the
curvature of the tube’s characteristic, it
will rise to an equal value while signalling.
In curve I they are represented as equal.
The top horizontal line represents the total
Space current which is kept constant. As
the signal is impressed upon the modulator
grid, the current taken by it varies accord-
ing to the distance between the curved line
and the top horizontal line, forcing the
oscillator to take the remainder of the
current—that represented by the ordinates
of the curved line—from the bottom
horizontal line. Now the voltage necessary
to force this varying current through the
oscillator must vary also, and it happens
to vary in a corresponding manner, having
the form shown in curve II. The antenna



current amplitude is proportional to the
oscillator voltage or to the oscillator cur-
rent and will also vary in a corresponding

manner as shown in curve III. We thus
get in the antenna a h.f. current whose
amplitude varies according to the signal to
be transmitted.

any power is lost there. Thus at the two
extremes of maximum and minimum an-
tenna current, the modulator dissipates no
power, and the average while transmitting
a completely modulated signal is one half
the non-signalling amount wasted.

A desirable feature of this system is
that no further changes or ad-
justments are necessary to the
oscillator after tuning it up pro-
perly. The modulator is not part
of the high frequency circuit and
upon completing the high fre-
quency adjustments, the system is
ready to work.
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The reason for the rise in voltage at
point X to twice the generator voltage is
explained by the fact that the constant
carrent choke coil acts as a storehouse for
energy at times and delivers this_energy
back at other times. Thus at point Y curve
II the voltage across the oscillator and
modulater is practically zero because the
modulator resistance has dropped and the
choke coil has such a large reactance
against an increase in current that most of
the generator voltage, if not all, is taken
up by it. During this pericd, the choke
coil stores up energy being delivered by
the B battery. At other instants such as X,
the modulator resistance has gone to in-
finity and the choke coil now delivers up
this stored energy and causes the voltage
across the oscillator to rise to twice the
normal value.

The variation of power to the oscillator
is represented in curve IV. This curve is
arrived at by multiplying curve I by curve
II. An interesting fact to be observed is
that at point X the power being delivered
to the oscillator is twice the average being
delivered by the B battery. This is ac-
counted for by the fact previously men-
tioned of the choke coil stcring up energy
during part of the signal cycle (around
point Y) and delivering up this energy at
another time. It causes the constant cur-
rent system to be one of the most efficient
circuits that has been devised.

Curve V represents the power delivered
to the modulator. The power lost there is
a maximum under the non-signalling con-
dition. At point X when all the current
goes to the oscillator and none to the
modulator, the pewer dissipated in the
modulator is zero. At pecint Y when all
the current goes to the modulator and none
to the oscillator, the voltage across the
modulator is so small that again scarcely

It must be remembered, how-
ever, that the modulator has its
own adjustment—that of the nega-
tive grid potential—but this ad-
justment is independent of the
high frequency circuit.

This system can be used with any
type of oscillator, or with certain master-
oscillator-controlled amplifiers. The princi-
pal precautions to be observed are to see
that the high frequency and audio fre-
quency circuits have proper condensers or
choke coils in them to pass the desired cur-~
rents and stop the undesired ones.

Master Oscillator Systems
Each system so far described has cer-
tain advantages and disadvantages as com-
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pared to the others. The Van der Bijl
system is what may be termed a “master
oscillator system”: that is, the frequency
is set by a separate oscillator circuit and
not by the antenna circuit. The Modulating
Amplifier also has this advantage. The
frequency in these circuits is thus not de-
pendent upon variations in antenna capa-
city, something which varies considerably
in a rolling vessel, and sometimes with
weather in a land station. The constant
current system has its own advantages
and it would appear quite desirable to have
a system which had the advantages of all.
Such an arrangement is shown in Figure
12. In this circuit, the frequency is set by
the oscillaticn circuit L,C, of the master

cuit shown in Figure 13 when used on short
waves.

Voltage At Which Systems Must Operate

A question of importance to the ama-
teur is ‘““what voltage must I operate at,
or what system should I use if I have power
at a certain voltage available.” This brings
out the fact that the minimum voltage at
which a given kind of a tube can be oper-
ated to give the rated power varies with
the system. If we assume the same plate
circuit efficiencies in the constant current
system oscillator, the modulating-amplifier
system amplifier, and the Van der Bijl
system amplifier, and have an adjustment
which will give maximum power while sig~

~

F1G6 /2 -Cvrrent Nodvlation of Jeparately Lxccted Amplifeer:

oscillator. The plate current supply to
the amplifier alone, or to both the amplifier
and the oscillator, is modulated by the
constant current system. The desirable
reascns for modulating the power supply
to both oscillator and amplifier are given
in detail in my paper delivered before the
Institute of Radio Engineers on December
1st 1920. Very good results are obtained
if only the amplifier is modulated.

In using this arrangement or any other
master oscillator arrangement the amateur
may find that a considerable amount of
pcwer from the oscillator goes directly
through the grid-plate capacity of the
amplifier into the antenna, and the fre-
quency of the oscillator is not independent
of the antenna tuning. This is especially
the case at short waves. To eliminate this
trouble, the grid-plate capacity of the
amplifier should be “anti-resonated” at the
carrier frequency by placing a parallel
tuned circuit across the grid-to-plate ter-
minals and adijusting the capacity (C, in
figure 12) until the minimum power goes
threcugh. This anti-resonant circuit is also
desirable in the modulating-amplifier cir-

nalling, it will be found that the relative
voltages necessary for getting the same
amount of modulated power from the same
number of tubes is:

Constant Current System........ e E
Modulating Amplifier System....... Ev2
Van der Bijl and all Amplifier

Systems. .......... .. Ev2

This means that if two tubes capable of
giving 50 watts each at 750 volts in an
oscillator circuit adjusted for maximum
power are to be used in the modulating
amplifier system, or as the last amplifier
stage in any amplifier system where a
small amount of power is first modulated
and then amplified, a voltage of Vv 2x 750
or 1061 must be used on both tubes in
parallel as amplifiers to get the same
modulated high frequency current into the
antenna that THEY will give if used on
750 wolts in the constant current system
(one as oscillator and one as modulator).
The reason for this difference is pointed
out below.

Suppose you have two tubes capable of
delivering 50 watts each at 750 volts with



a plate circuit- eﬁiclency of 60% whether
used as oscillator or amplifier. If used
in the constant current system the non-
signalling condition of the oscillator is: -
E, I, . Power in- H. F. Power
75Q 1104 83% w. 50w,
At the mstant of dehvermg maximum
power to the antenna, (X in curve III,
Figure 11) the total oscillator and modula-
tor space currents are forced through the
oscillator alone at double the average plate
voltage (X in curves I and II Flgnre 11)
or
B L Power in H. F. Power
1500 .2208 333%.w S 200w,

Any system to ‘deliver this same modulated
H. F. power (50 watts non-signalling and

17)(:’ Ux)/éZdr“-:"‘f

give the peak value of 200 watts, and can-

not cause the same- modulated power to be
delivered to the antenna, These two tubes
together take at a maximum. only the same

-space current that the signal tube as os-

cillator  in: the constant current system
takes at the maximum point, and also have
50 volts at that instant while the
00. . To make the two
ss amplifiers” give 200 watts maxi-
mum, the plate voltage must be raised to
V 2x750, at which time they. will take
a, space current of v2x. .2208 or a power

"~ of 2x166%w, and w111 give out 2x100=
200 Wattsdl i This is then the maxlmum
.. _power conditien: = . .

which is four tlmes the normat power, - awen

Es L.  Power in H*. F. vPower ‘
1061 - .312  333% .w. . 200 w.

F\l
=4

ANAAAAA

/‘7 G /3 ~ Z 00 /Yeter lo(a/}tuy /4/;1/1‘/ er mmsum tter

200 watts maxlmum while slgnalhng) must
be capable at some instant of delivering
200 watts by some adJustment and this

adjustment must be one which can be,,

operated by ‘the speech SIgnal

If the two tubes are used in pax-allel as
amplifiers, instead of being used one as
oscillator- and one as modulator, the two
of them together will glve - :

E, ©,° Power in 'H. F. Power :
750 2208 166% W 100w,

Tlus is their maximum power adjustmentk
and NO ADJUSTMENT IS POSSIBLE
THAT WILL MAKE THEM GIVE MORE.
A signal operating upon the grid there-

" fore ‘cannot cause the two tubes to give

more power, and cannot cause them to-

The experimenter is - here cautloned
agamst thinking' the above. adjustment is
to be maintained. It is merely the maxi-

‘mum " power - adjustment.  The ~negative

voltage of the power tubes must now be

increased until the antenna current is one

half the maximum to get the non-mﬁnallmg
steady’ value, the adjustment which he
must have when he expects to communi-
cate. . The power relatlons m the clrcmt

‘then ‘are:

E, L Power in H. F. Power_
1061 - .156. 831 w. 50w. .

That is, . the system must operate on a
plate voltage of V2 E and each tube must

take a space current of _— where E and
. i va- :




’ ’SOME TUBE COMBINATIO& AND“THE cmc:.n'rs Mos’l' DESIRABLE 'ro USE.

+Circuit

I are the generator voltage and «the current

per tube, respectlvely, for the constant :

: current system.

The above mentioned ratio of voltage S ‘
~at 750 volts.

required for constant current and amplifier
systems. does. not ‘held if the adjustment
when used in the eonstant current system
" is not for maximum power but for some-
That is, if the same two tubes

“thing Iess

. f;lﬁ,_Ezg.s ~5Wf ~ 750-1000 :
. 150W  Fig.13 BW vsi)-mm g
1B W ' : vk e

150W. . Fig.13. 5W .. 750-1200. 3
6. 250W  Fig.10 T oA
7. 1A W T ;
2-50W  Fig.14 '8
8. 15 SRy =
_260W - Fig. 14 2
9. 1.1 W -
5w ,
250W = Fig.12 2
. _250W  Fig.12
1. 15 W T
350 W . Fig.1d
12, 25 W R
_B50W . Fig.12 5’
13. 85 W = Fig.10
i ,:;_Frg 14
4. 1-1 W
35 ‘W.:»:«F;g.f 14

say, volts to glve 50
on cillator, it is ob-
t the adjustment is not for maxi-
power since 50 watts ¢an be obtained
If the ﬁm ‘are now used as
amplifiers, they will give the required 200
watts maximum at 1200 wvolts without any

‘trouble at a different adjustment.

(Comiuded on seco'nd followmy page‘)
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TYPICAL CONSTANTS FOR CIRCUITS

These constants are for a 200 meter set on an antenna of .0006 mf. capacity, re-

sistance of 15 ohms, and free period of 300 meters.
300 Volts and 50 Watt on 750 Volts.

C. F. 50 W means Coated filament 50 Watt tubes, etc.)

Tubes are rated as 5 Watt on
(T.F.5 W means tungsten filament 5 watt tubes,

Circuits Used In

Element __—_Deawiption L L
L, 038 mh. (5 W tubes) 14 turns #22 TCCC on
4%” tubing .
.026 mh. (50 W tubes) 9 turns #22 TCCC on
45" tubing
.035 mh. 80 turns #22 TCCC on 2 inch tubing.
. Tap each turn for coupling. ‘
L, For 5 W tubes same as L, ;
For T.F. 50 W—.04 mh.—12-T #22 TCCC on 4% "”
For C.F. 50 W—.021 mh.—8-T #22 TCCC on 4%”
L, T.F. 5 W—.056 mh.—15-T #24 DCCC on 4%"”
C.F. 5 W—.027 mh.—10-T #24 DCCC on 4%"
T.F. 50 W—.086 mh.—11-T #22 TCCC on 4%"”
C.F. 50 W—.008 mh.—5-T #22 TCCC on 4%”
L, 3 mh. (type 67-A) choke coil -
L, 3 mh. (type 67-A) choke coil -
L, 6mh. (two type 67-A choke coils)
L, each .075 mh.—40-T #22 TCCC on 2%” tubing
L, or 44-T 81 strand #38 SCCC on 21" tubing
L, With 5 W tubes 1 Henry (type 54-D)
With 50 W tubes 2 Henrys (two type 64-B)
Ly . 5 Henrys or more. Not essential if E, is large
and R, is 10000 ohms or more.
C, .0 to .000175 mf. variable. If 50 W tubes are
used it must stand considerable voltage.
C, .0 to .000150 mf. variable for 5 W tubes.
.0 to .0005 for 50 W tubes and must stand con-
siderable voltage. i
C;=C, Fixed condenser. Any value between .0005 and
.01 mf, -
C;=C; Same as C,
C;=C, 0 to .000150 variable
C, 1 mf. or larger. Not essential to the circuit but
aids modulation some. ) )
Co 1 to 10 mf., preferably 10 mf. 22-AA type
Cy 1 mf,
R, 12,000 ohms if on a 5 W oscillator
6,000 ohms if on a 50 W oscillator
R, Sufficient to reduce voltage across oscillator to-
the desired value. :
R, 1% megohm or over with.1 or 5 W tube.
50,000 if on 50 W tube.
R, 6000 olims for 1-50 W tube h.f. amplifier
3000 ohms for 2-50 W tube h.f. amplifier .
Ry, Sufficient to reduce voltage across speech ampli-
fier to the desired value.
R, 10,000 to 20,000 ohms
T 50 to 750,000 impedance ratio for 5 W (201-C)
50 to 50,000 impedance ratio for 50 W (201-J)
E: 3 dry cells
E. 22.5 volts for 5 W tube
and

30 volts for 50 W tube

Figures 10 and 14
Figures 12 and 13

Figures 10 and 14 -

Figures 10 and 14

Figures 10, 12, 18 and 14
Figure 13

Figures 12 and 13
Figures 12 and 13

Figures 10, 12 and 14
Figures 12, 13 and 14
Figures 10, 12,‘13 and 14
Figures 10 and 14

Figures 10, 12, 13 and 14

Figures 12 and 13
Figures 12 and 13
Figure 13 ’

Figure 13
Figures 12 and 13

Figures 10, 12, 13 and 14

Figures 12 and 13
Figures 10, 12, 13 and 14
Figure 12

Figﬁres 12, 13‘ and 14

Figures 12, 13 and 14

Figures 10, 12, 13 and 14

Figures 10, 12, 13 and 14
Figures 10, 12, 13 and 14
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Systems The Amateur Can Use

The system an amateur should use de-
pends considerably upon the types and

‘number of audions he has available, - Seme

of the ecombinations to be considered “are
given in this table together with the uses
of the tubes. In the list, the 5 watt tube
may be a Western Electric Type E (VT-2)
or GE. VT-14, and the 1 watt tube a
Western Electric Type J (VT-1).

- By “desirableness” is meant desirable-
ness from the point of view of tube
arrangement only. It does not take into
consideration the different voltages nor
the constancy of frequency.

Following are the additional diagrams
(Figures 13 and 14) referred to in the list

with some of the constants for the parts
of the circuit. These constants must not
be taken as exactly correct because the
antennae used by amateurs vary so widely.
The values given are for a 200 meter set
on an antenna of .0006 mf. capacity, 15
ohms resistance, and a free period of 300
meters. - In the sets where the oscillator
works directly on the antenna, the oscil-
lator circuit most desirable is the one
shown—Aker’s modification of the Meiss-
ner circuit. It is better for a high re-
sistance antenna at short waves than the
Colpitts oscillator. If the antenna should
have a low resistance around 6 ohms or
the wave length be longer than 200 meters,
the Colpitts oscillator will work as well
and possibly be easier to adjust.



