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The Vacuum Tube Transmitting Circuit

The First in a Series of Articles on the C ion and Op

of Coatii Wave App which, when finished will

Constitute and later be reprinted as “A C. W. Manual.”

By Jennings B. Dow
Ensign U. S. Navy

HE reader is assumed to be familiar with the prin-

ciples involved in the operation of the three-electrode

valve, the triode, or to have access to the literature
available on this subject. Consequently, to avoid duplication
and to save space, we will begin by considering the vacuum
tube circuit. With slight variation, but consistent with the
“words of Van Der Bijl,’ the conditions that are necessary to
make the tube act as an oscillation generator may be stated

briefly as follows:

1. The tube must be capable of amplifying, that is, it
must have an unilateral impedance which is occasioned by
potential variations on the grid producing a greater effect on
the current in the plate circuit (output circuit) than the
effect produced on the current in the grid circuit by potential
variations on the plate.

2. Part of the energy in the output circuit must be
returned to the input circuit by suitable coupling of these
circuits electro-statically or magnetically, and in order to
insure a re-amplification of this energy, the output and input
must be in phase.

3. An oscillating circuit must be attached to the tube,
having inductance, capacity and resistance of such values as
to make the tube oscillate at the desired frequency. These
values should be such that a maximum efficiency is obtained
with maximum output.

Fig. 1 shows a typical vacuum tube transmitting circuit—

a Hartley circuit.
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Fig. 1. Tlle-Harllfy Circuit.

Fig. 2 shows this same circuit reduced to a simpler form
for purposes of explanation. The antenna of Fig. 1 is repre-
sented by the dotted portion of Fig. 2.

The grid and filament of the tube in this circuit are
connected to the branched circuit containing inductance and
capacity, constituting the oscillatory circuit, in such 2 manner
as to include a portion of the inductance of that circuit repre-
sented by the symbol Ls. In a similar way the inductance
represented by L» is included between the filament and plate.

* Suppose first that the circuit is not oscillating. Because
of the potential impressed upon the conducting path between
filament and plate, a steady current will flow from plate to
filament inside the tube and from filament through induc-
tance L» outside the tube. The magnitude of this current
will vary with the voltage of the grid. It can become zero
when the flow of electrons between filament and plate is
made negligible by a highly negative potential on the grid,
but it cannot reverse. A current can also flow from grid to
filament inside the tube, the current returning from filament
to grid through the inductance Ls in the external circuit.

(%) Thermionic Vacuum Tube, VAN Der BijL (P267)

This latter current is appreciable only when the grid is posi-
tive with respect to the filament. Like the plate to filament
current mentioned above, this current is also unidirectional
and its magnitude is dependent upon the potential on the
grid.

When the tube is oscillating, these currents will, of
course, not be steady, but pulsating. The pulsating currents
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Fig. 2. Simplified Diagram of Hartley Circuit.

generated by the tube enter the circuit from the filament and
leave it through the plate and grid connections. They are
pulsating and not alternating on account of the unidirectional
conductivity between filament and plate and filament and
grid. The circuit CLsL» is resonant to these pulsating cur-
rents and an oscillatory current is generated and circulates
around this branched circuit, flowing through the capacity C
and the inductances L» and Ls. This current, which will
be called the output current, can be many times greater in
amplitude than either of the pulsating currents.

The pulsations in the steady current which flows during
the stable condition from filament to plate are, as stated
heretofore, caused by periodic variations in the potential of
the grid with respect to the filament and these variations in
grid potential are induced in the grid coil Le by the output
current. There is a similar potential induced by the output
current across the plate coil L. ,

It is true of this circuit and typical of any circuit for
generating oscillations, that during the portion of the cycle of
the output current when the grid is positive with respect to
the filament as a result of the potential difference across the
coil Ls, the voltage drop between the plate and filament con-
nections (across the inductance L») is such as to oppose
the potential of the plate battery and hence to reduce the
potential between filament and plate inside the tube. Dur-
ing the other part of the cycle when the grid is negative
with respect to the filament the potential acting between
plate and filament is increased above that of the stable
potential of the plate battery. During the portion of
the cycle when the grid is positive with respect to the
filament, current flows within the tube between the grid and
filament and this current increases as the grid becomes more
positive. The direction of the current flow is in the direc-
tion of the potential, that is, from grid to filament inside the
tube and from filament to grid outside. Further, as the grid
becomes positive with respect to the filament, there is a
resultant increase in the current flow between the plate and

(%) Bureau of Standards publication No. 355, L. M. HuLx, Dec. 1, 1919.
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filament of the tube, even though the plate potential on the
tube is being reduced. This increase is limited, when the
stable oscillating condition has been reached, by the satura-
tion effect, which may occur at lower values of plate current
than that corresponding to the total filament emission owing
to the loss of electrons to the grid.

As has been stated, the plate current wave is distorted
at the other extreme of the cycle—that is, when the grid is
negative—Dby rectification effects; moreover, the grid current
is always pulsating, and is zero for a considerable part of a
cycle, while the grid is negative. Consequently, the waves of
current supplied to the circuit between filament and plate,
and filament and grid (Fig. 3) are each composed of a direct
or average constituent, a fundamental constituent correspond-
ing in frequency to that of the output current, and a number
of higher frequency or harmonic constituents.

The useful oscillating output current depends neither
upon the direct or average values of the plate and grid cur-
rents nor upon the multiple frequency constituents; it is
determined solely by the fundamental constituents of these
currents, to which the same consideration as regards direction
and phase relations apply as have been roughly stated with
regard to the distorted current waves.
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Fig. 3. Showing Direction of Grid Current and Plate Current.

Thus, speaking only in terms of useful current constitu-
ents, a sinusoidal alternating current flows in the grid circuit
in phase with the alternating e. m. f. across the inductance
Ls, and therefore represents a withdrawal of power from the
output circuit, which power is expended within the tube.
On the other hand, a sinusoidal, alternating constituent of
plate current flows in opposition to the e. m. f. across the
inductance L»; this means that power is being supplied to the
output circuit from the plate circuit of the tube. As will
appear later, the impedance of the output circuit to all fre-
quencies that are harmonic multiples of the fundamental is
very great. Hence there are no appreciable multiple fre-
quency constituents of the current circulating in the output
circuit and the alternating e.m. f.’s across the inductances
L» and Le¢ are in all cases practically sinusoidal. Conse-
quently the useful power supplied by the tube can be deter-
mined in terms of the alternating e. m. f. across L» and the
fundamental constituent of the plate current. If we would
neglect the grid current, this would be the power available

for dissipation in the resistances. As the output current
increases, the amplitudes of the alternating e. m. f.’s across
the plate and grid inductances increase proportionately. The
alternating grid current increases more and more rapidly as
the amplitude of the plate e. m. f. becomes larger. On this
account, the power loss to the grid increases. The power
supplied by the plate increases with increasing plate potential,
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but as the grid potential increases the effective saturation cur-
rent is reached when the grid is positive and the plate current
becomes zero for an appreciable part of the cycle when the
grid is negative. Consequently, a continued increase in the
amplitude of the output current results chiefly in an increase
in the harmonic constituents of plate current without greatly
increasing the fundamental. Obviously, then, a condition of
stability ensues when the power supplied by the fundamental
of plate current minus the power dissipated by the funda-
mental of grid current is just equal to the power dissipated
by the output current in Rs, Re and Re.

C-W Circuirs To DATE

There are as many as five vacuum tube circuits that may
be considered of primary importance. Only two of these,
however, are found in common use in modern transmitting
circuits, namely, the Hartley circuit and Heising’s modified
Colpitts circuit. Maeissner’s circuit, while used to some
extent in its basic form, resolves itself into a modified Hartley
or Colpitts circuit in practice. Its approach to either of these
depends upon the constants of the circuit.

Both the Hartley circuit and Heising’s modified Colpitts
circuit possess certain advantages and disadvantages, all of
which are not common, and the experimenter, in selecting
one will do well to consider each. For example, the Colpitts
circuit, while highly efficient, does not well adapt itself to
ﬂexlbllnty insofar as rapid change of wavelength is concerned.
This disadvantage was largely overcome by Heising’s altera-
tion. The Hartley circuit, probably thc most efficient, retains
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Fig. 4. Hartley Circuit as Used in the Laboratory.

its efficiericy only through the narrow band of wave lengths
for which a given installation is designed; this, because the
variable feature is vested in inductance rather than in capac-
ity. Large amounts of inductance are obviously necessary
for operation at the longer wave lengths, and when using
only a small portion of this inductance for the shorter wave
lengths, there is added resistance in the circuit resulting from
the so-called “dead end effect” and from corona losses which
are very apparent in any open end inductance adjacent to cir-
cuits where high frequency currents of any magnitude are
flowing.

Fig. 4 shows the common Hartley laboratory circuit as
used to generate sustained oscillations for calibration work,
heterodyning incoming signals, producing high potentials for
testing insulation, etc. If the resistance of the circuit CL<Lr
is sufficiently low, a simple circuit of this kind may be made
to generate oscillations from a few per second to upwards of
3,000,000 per second. If. in place of the concentrated
capacity C, an antenna having distributed capacity and appre-
ciable resistance is substituted, the band of frequencies at
which the circuit will oscillate will be restricted to a com-
paratively narrow range. In this circuit, both inductances
Lr and Le¢ necessarily coupled to obtain the required grid
input, are a part of the oscillatory circuit and must be wound
with low resistance wire, tubing, or tape in order to keep the
resistance of the circuit as low as possible. In practice, in
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transmitting circuits, Ls is exterior to the oscillating circuit
and may be wound with almost any kind of conductor. In
so far as the supply of power to this circuit is concerned, it is
of the series power circuit type—the plate battery or gen-
erator is in series with the plate and is unshunted by capacity.
Here the plate circuit is not a part of the oscillatory circuit
and the current which flows in this circuit is pulsating rather
than oscillating as previously explained.

In Fig. 4, a small capacity and large resistance are used ta
obtain the required negative potential on the grid. With this
arrangement the grid obtains a positive potential only during
the small fraction of the cycle when the grid leak current is
building up to rob the grid of its positive charge. Notwith-
standing the fact that the grid attains a positive charge during
a small fraction of each cycle, which results in a grid to
filament current inside the tube, the capacity-grid-leak resist-
ance method of obtaining the required negative potential is
more efficient than the method of inserting a grid battery in
the circuit. In using the latter method the plate potential
must be increased to a much greater value before oscillations
will start, than when the former method is used. The value
of the current in the oscillating circuit is greatly dependent
upon the value of the grid leak resistance, which will vary
with the type of the tube used, but will usually lie within
the limits of 5,000 to 12,000 ohms.
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Fig. 5. Hartley Circuit as Used in Practice.

Fig. 5 shows the Hartley circuit as used in practice. Here
the inductance, L, is not a part of the oscillating circuit, but
is merely coupled to the oscillating circuit to obtain the
required input for the regeneration of oscillations. The
variable feature of the inductance Ls may be obtained either
by a fixed coil inductively related to L», with a variable
contact, or by a coil having a fixed amount of wire in circuit
at all times, but so mounted as to provide a means of chang-
ing the degree of coupling with L», or by a combination of
both of these methods as found in some of the more refined
sets. In this circuit, the filament and grid are more or less
strongly tied to earth which results in the plate only being
“hot.” This is a feature which is very desirable in a power
circuit where high voltages are used. The period of oscilla-
tion of this circuit is dependent upon the value of antenna
capacity and inductance, and the inductance L». At very
high frequencies, however, intra-electrode capacities and other
capacities and inductances in the circuit may influence the
period of oscillation, and in all circuits these values, together
with the resistances, determine the upper limit of oscillation.
In the design of the transmitters to operate at short wave
lengths (wave lengths under 250 meters) the Hartley circuit
is recommended. As a matter of information the General
Electric Company has been able to obtain waves six meters
long with such a circuit. At this wave length, which corre-
sponds to a frequency of 50,000,000 cycles per second, the
inductances resolve themselves into nothing more than the
straight connecting wires.
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Fig. 6 shows a Colpitts laboratory circuit. In the case
of the Hartley circuit, the coupling between input (grid)
circuit and output (radio frcquency) circuit was obtained
mductlvely In the Colpxtts c1rcu1t, the coupling between
input and output is capacntlve and is varied by changmg the
value of the capacity C,. In changing 'this capacity as
required in adjusting the cm:uit for most efficient operation,
the period of oscillation of the circuit LC,C,C, is changed
and it is necessary to change the capacity C, an amount
necessary to obtain the desired period of oscillation. This
double adjustment is somewhat of a disadvantage in practice.
In this circuit, the plate potential is applied across the capac-
ity C,, and in order not to affect the oscillating circuit
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Fig. 6. Colpitts Laboratory Circuit.
LC,C,C, a radio frequency choke L, must be inserted in
the platc supply lead as shown. The matter of obtaining
the proper value of this choke inductance will be considered
in detail later. The capacity gnd leak resistance method of

obtaining the required negative potential on the grid is
used here, also.
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Fig. 7. Colpitts Circuit as Used for Transmission.
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Flg 7 shows the Colpitts circuit as applied to a power
transmitting circuit possessed of an antenna which is repre-
sented by the capacity C,.
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Fig. 8. Heising Circuit in Theory.

Credit is due Heising for the circuit represented in Fig. 8.
This is one having a number of very desirable features. The
coupling between input and output is varied by changing the
position of the contact S. If contact S is moved along the
inductance to the point F and a variable capacity is inserted
in the circuit between the plate and F, the circuit shown in
Fig. 6 wijll result. By means of Heising’s variable contact S,
then, it has been possible to eliminate the variable capacity
C, of Fig. 6 and at the same time provide a method of chang-

Continued on page 42
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‘A Medium and Short Wave Regenerative Receiver

By F. L. Wisner

The First Batry in the $25.00 Prize Contest which Closed December 15th. This Set Has a Range of 175 to 2400 Meters

N ORDER to have a simple and efficient receiver for
medium wave lengths, including time signals, weather
reports, etc., and yet maintain maximum efficiency on

short wave lengths, the following receiver was designed. In
the short wave position the receiver has a range of from 175
meters to 500 meters. It is a plain variometer regenerative
receiver and, as may be seen in Fig. 2, there are no extra
coils or condensers connected to lower its efficiency.

brackets, on either side of the stators. Care must be taken
when connecting these two coils in circuit to see that their
polarity is correct. Fine regenerative results have been
obtained and the receiver will oscillate over its entire range.
These secondary loading coils each have 34 turns of No. 22
double cotton-covered copper wire and are of the five-layer
bank-wound type on a formica tube 3 3-4 inches in diameter
and 1 inch long.
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On the medium wave position of switch No. 1 in Figs. 1
and 2, two secondary loading inductances are connected in
the circuit as well as a secondary variable condenser of 0.0011
microfarads capacity, which brings the wave length range
up to from 450 meters to 2400 meters. This switch also
connects the bank wound primary loading inductance in the
circuit, giving the antennae circuit the same range as the
secondary. In this position the plate variometer becomes a
variable tickler because of its close inductive relation to the
two secondary loading coils which are mounted with brass

3 ze
Fig. 2. Phantom View of Regenerative Receiver. '

A variable condenser of 0.0011 microfarads capacity is
connected either in parallel for long waves or in series for
short waves by switch No. 2 in Figs. 1 and 2. There is
sufficient inductance in the loading coil and primary of the
vario-coupler to use the condenser in series up to 1200 meters
wave length.

The primary loading inductance is wound in a two-layer
bank winding for 42 turns and then three-bank winding for
53 turns, using No. 20 double cotton-covered copper wire on
a formica tube 3 3-4 inches in diameter and 4 inches long.
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Fig. 4._Arrangemmt of Wiring for Five

Fig. 1.

Hook-Up for Regenerative Receiver

Bank Winding

This coil is mounted on the bottom of the vario-coupler base

and the whole unit is mounted on the panel with the tubing

in a horizontal position, as this conserves space with no bad

effects such as coupling to either variometer. The primary
Continued on page 43
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Tuning for Long Waves

A Discussion of the Theory and Practice of Using Multi-Layer Coils

. By B. F. McNamee

UNING apparatus for long waves presents some
difficulties not met with in the short wave apparatus.
The loose coupler, when made of sufficient size to tune
. to the long waves, is a very bulky and awkward object. Many
attempts, more or less successful, have been made to use coils
of several layers of wire to replace the single layer coils of
the ordinary loose coupler. In the radio trade the term
“loose coupler’” has been pretty much confined to two tele-
scoping single layer coils, such as shown in Fig. 4 of the
author’s article on “The Handling of Tuning Apparatus” in
December RADIO. But the term really means a combina-
tion of two coils of any kind to act as a radio frequency
transformer.

Let us take a single layer coil of 1000 turns wound on a
tube 4 inches in diameter. Another coil of about the same
diameter, but much shorter, has also 1000 turns of wire,
wound in 10 layers of 100 turns each. While the inductances
of the two coils may be somewhere near equal, the 10 layer
coil will not tune to as short a wavelength as the single layer
one. This is due to its distributed capacity, or we might term
it the turn-to-turn or layer-to-layer capacity.

Effect of Dumbuml
apacity.

Fig. 2. Honetamb Coil.

Two adjacent turns of wire, with the insulation between
them, constitute a small condenser. The voltage drop due to
the inductance of a single turn is appreciable at high fre-
quency, and serves to charge this small condenser. This
much is true of both types of coil, and may be called the
turn-to-turn capacity. But in the 10 layer coil we have also
a number of condensers consisting of the layers of wire and
the insulation between them. In this case the capacity is
therefore much greater than in the single layer coil, and since
the wavelength to which the coil will tune depends on the
capacity of the circuit as well as the inductance, the 10 layer
coil with its larger fixed capacity will not cover as great a
range of wavelengths with a given variable condenser as the
single layer coil.

Fig. 1 shows the effect of distributed capacity by the
imaginary condensers connected between adjacent turns. In
circuits where variometers are used for tuning without any
shunting condenser, the capacity of the circuit (which is
necessary for tuning) is the distributed capacity of the vario-
meter coils, in addition to some small capacity between
leads, etc.

The common practice of “tapping,” i. e., using only a part
of large coils in order to tune to shorter wavelengths, often
results in great losses in signal strength, due to what is known
as the “‘dead end” effect. The term ‘“‘dead end”’ refers to the
unused portion of the coil, which in virtue of its distributed
capacity, is more or less tuned to the signal. It therefore
absorbs more or less of the incoming energy. For some wave-

lengths the inductance and capacity in the dead end is tuned
perfectly to the signal, and the coil will give very poor results
at such wavelengths. One method much used in the past to
overcome this effect is a dead end switch, which disconnected
the unused turns from the part.in use. But the presence of
the unused turns, even if disconnected, makes possible their
absorbing energy by induction.

Multi-layer coils of the “honeycomb” type have proved a
success in overcoming these difficulties in some degree. The
distributed capacity is low because the wires touch only at
crossing points, and are kept apart by the thickness of one wire
at all other points. The largest coil required for wavelengths
now in use has 1500 turns, and is only 1 inch wide and about
414 inches outside diameter. A plug and socket arrangement
makes them easily removable.

Since no “‘taps” are provided for using only a part of the
turns, the whole coil is always in use, and dead end effects
are completely done away with. When a wave is too short
for a given coll, it is replaced by a smaller one.

Coils termed ‘“duolateral” are a modification of the,
“honeycomb,” and are wound with the wires a little further
apart, giving a slight decrease in distributed capacity.

In tuning with honeycomb coils it is necessary to observe
the same cautions regarding couplmg as stated in the Decem-
ber issue about the loose coupler; i. e., every time the coils
are moved it is necessary to retune with the variable con-
densers to keep in resonance with a given signal.

It is generally possible to tune in a station on two or more
coils of different sizes. Let us say that some particular
signal comes in when the secondary coil is a 35 turn honey-
comb and the secondary condenser is set at 130 degrees. If
we now substitute the 50 turn coil, we will no doubt tune in
the same signal at a lower condenser setting. This is because
tuning to any particular wavelength does not mean ‘selecting
just one certain amount of inductance and one certain amount
of capacity, but selecting one certain value for the product
of the inductance and capacity. So we should be able to
select any value of inductance whatever, and then choose a
sufficiently large or small capacity to make the product come
out right.

We are limited in this, however, by two things. First,
we have always the distributed capacity of the coil as the
minimum capacity. Second, the tuning will be too broad if
too little inductance is used, and difficulty in coupling is
experienced due to fewness of turns in coils. So it is generally
best to use as large a coil as possible on any given wavelength.

TABLE OF CONSTANTS FOR DEFOREST
DUO-LATERAL COILS

By Epwarp M. SARGENT

Induct. Wavelength when
Coil No.of Outside at highest shunted with condenser D. C.
Turns Diameter wavelength having capacity of  Resistance
(Milhenries) .0001 mf .001 mf.0015 m{ Ohms

DL-25 19 2.22" .020 100 270 338 .37
DL-35 40 2.30" .092 225 580 698 ,, .72
DL-50 49 2.32" .144 287 710 887 . .70
DL-75 74 2,37 .322 405 1090 1310 1.31
DL-100 102 2.47" .567 560 1450 1740 177
DL-150 135 2,567 .875 693 1765 2160 2.31
DL~-200 172 2.59" 1.61 945 2360 2930 3.97
DL-250 250 2.87" 3.51 1390 3580 4330 5.73
DL-300 329 3.03" 5.10 1680 4200 5300 7.44
DL—00 420 3.15" 10.2 2300 6000 7360 10.04
DL-500 519 3.47" 15.4 2925 7370 9200 13.70
DL-600 760 3.34" 32.0 4440 11120 13130 37.20
DL-750 980 3.56° 56.2 5500 14200 17300 51.20
DL-1000 1200 3.877 99.5 7400 18850 23000 67.00
DL~-1250 1410 4.137 137. 8700 22150 27000 81.00

DL-1500 1670 4.00" 180. 10000 25450 31100 97.00
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Martin Robbins

cAn Inspiring Story of Heroism

ATE—or whatever it is that seem-

ingly controls the destinies of Man,
sometimes with harsh severity—had laid
ruthless hands on Martin Robbins, only
—and hence Chief Radio Operator on
the Bloomton, an irresponsible, waggly,
creaking old steam lumber schooner that
had worn a path of her own into Pacific
waters, between a northern port to that
of San Pedro. Up in ballast, ai:d back
in lumber—Plimsoll mark more than
awash on pressing occasion, she drudged
her weary way, pushing her scarred fore
foot clumsily through the heaving water
spaces.

Captains came—and went. Cooks
stood the old, rattle-trap range, and the
dearth of proper utensils, for a time, and
then departed, vowing her “a d slob
of a ship!” Mates, crews—all changed
. with periodic brevity.

But Martin Robbins was a fixture on
board. And for the reason that an acci-
dent had made of a splendid, virile lad of
19, a hopeless cripple, who could navi-
gate, after a fashion, on a badly-fitting
wooden leg and two heavy walking
sticks. Radio, as a profession, had never
been his ambition, but by the force of
unhappy circumstance, it was practically
all that he could do—and the stipend
thus earned went far toward the support
of the idol of his heart—his mother—
and himself.

Robbins was a good operator, with a
Class A-1 Commercial. The owners
fully realized this, and—being kindly
men, albeit intent worshippers of the
almighty dollar—they had made things
as comfortable for him as lack of space
permitted. ‘

But, at best, it was a rough, weary-
ingly-monotonous existence, with little
or nothing to do, and Robbins would
hunch himself into a comfortable posi-
tion abaft the squat funnel, and sit there
for hours on end, all alone, watching the
graceful flight of the swooping gulls and
listening to the crooning lullabies of the
wind, droning from the great distances
—into them again. He never complained
—nor railed—child-fashion—at the im-
mutable cross that was his to bear during
this existence, for he was of good stuff—
was Robbins—going about his duty thor-
oughly and conscientiously.

Only once did the cry of a tortured,
aching heart burst forth. It was in
Grays Harbor, on a hot afternoon. Load-
ing had been delayed, and the foreman
was driving the crew. One of them—a
burly figure of a man, perfect in wind
and limb—stopped at the door of Rob-
bins’ quarters and asked for a drink of

By Lawrence Mott

(Dedicated to KJM)

water. Wiping the sweat from his face,
this whole-limbed tower of human
strength broke out in a string of curses
at the hardness of the work, at the penny-
grabbing owners—at anything and every-
thing.

Robbins listened—then :

“How would you like to be—me?”’
The tense passion in his voice checked
the other’s outburst.

“Without a thought
of self he groped to
his apparata.”

“God ought to strike you dead!
have health!

You
You are a whole man!
You can earn a real day’s wages, with-
out feeling that you are accepting char-
ity! You can dance—sing—be happy—

while I ” a sob choked him
and he threw himself on the narrow
bunk. The other tiptoed away, shocked
into thinking. )

- » »

OW well Robbins remembered
when she had come on board—at

San Pedro—for the run, North!
Captain Malcolm’s Elsie was of that
clean-cut, fine type of young womanhood
that instantly appeals to the finest in a
man. Full of fun, with a contagious
spirit of gayety, she owned the ship from
the time that the San Pedro breakwater
was turned, and course set—up coast.

He watched her as she passed about the
grimy vessel, investigating everything,
and a greater scnse of his physical con-
dition bit, deeply.

The radio apparatus had to be ex-
plained. She listened-in, and he showed
her how to distinguish dots and dashes.
At her insistent demand he printed the
code, that she might learn it. With a
woman's quick intuition she read his bur-

den in his big grey eyes, as though they
were the open pages of a book, and her
he?rt ached for him, in his bare and drab
existence.

One night she tactfully led him to
talk of his mother, and the girl’s eyes
went wet as he told, quite quietly, of the
difficulties of keeping both their bodies
and souls in comfortable relationship; of
his one-time hopes of being a marine en-
gineer—and so forth.

“This is about all that I can do—
now,” he finished unheroically, merely
making a statement of fact, and unseek-
ing of sympathy. .

She went out on the little after-deck,
where a full moon swathed the world in
steel-white light, and as she leaned
against the grubby rail, listening to the

Continued on page 32









16

Four-Tube

HEREWITH is a picture and dia-
gram of a continuous wave trans-
mitter at 2 BAK, Tarrytown, N. Y.
This two panel transmitter is part of a
larger cabinet also including an arc
transmitter, amplifying set and receivers.
It was designed by Frederick Koenig
and is operated by Joseph B. Slavin.
The Heising-Colpitts circuit is used
for the phone or buzzer and the Col-
pitts circuit for C. W.or I. C. W. The
circuit is similar to that used by J. O.
Smith, 2Z1, with some modifications.

Front View of 2BAK C. W. Transmitting
Panel

Using five watt tubes with 500 volts,
200 mxlllampercs space current, 0.9
ampere radiation is employed on phonc,
and using 600 volts, 250 milliampere
space current on C. W., 1 ampere radia-
tion is obtained. All the adjustments
are variable.

The transmitter is made up in two
units. The upper panel contains the
transmitter proper, while the controls
are mounted on the lower panel. In the
upper panel on the left and back of the

tube are the grid milliammeters, radio .

frequency is in center, while the plate
milliammeter is on the right. The three
double-throw switches under the first
three tubes are to change from C. W.
to phone or vice versa. Switch points
under fourth tube is a variable 5000 ohm
Ward-Leanord grid-leak with taps every
500 ohms.

The three rows of switch points in
the center are for the inductance, which
consists of 34 turns of hard drawn cop-

RADIO for JANUARY, 1922

C W Transmitter at 2 BAK

By Frederick Koenig

per wire wound on a Formica tube 4
inches in diameter and 72 inches long,
which has been previously grooved. A
tap is taken off every other turn and
goes to- each switch point common to
wave length, plate and grid coupling
switches, top row wave length, middle
row plate and bottom row grid coupling.

The condenser on the left is .0015,
feed back condenser and on the right is
.0015 grid condenser. These condensers
were made up specially by the General
Radio Co., and are tested to 1500 volts.

Rear View of 2BAK C. W. Transmitting

In the lower panel are mounted the
controls, the meter on left is a 0-5 A. C.
ammeter for the two modulator tubes,
while the meter on the right is 0-5 A. C.
ammeter for the two oscillators. The
center meter is 0-15 A. C. voltmeter. A
Century buzzer is mounted between the
voltmeter and ammeter.

The single-throw double-pole switches
at the bottom of the panel are as fol-
lows: The first one is for C. W., sec-
ond for I. C. W., third for phone, fourth
for buzzer, fifth A. C. for filament heat-
ing and sixth for D. C. for plate.

The filament heating transformer is
mounted in lower panel and is an Acme
10 and 12 volt. Also in this panel is
mounted a relay that operates by a switch
in the microphone. In one of the leads
from the transformer is placed a one
ohm resistance which keeps the filaments
always heated slightly and when the re-
lay is closed the resistance is cut out and
they then heat up to the proper degree.
The idea of this is that the tube is al-
ways warm and ready for transmitting.
It also takes away the shock when the
plate voltage is applied, especially where
the tube is rushed with high voltage.
This relay also connects the receiver or
the transmitter with the antenna, ap-
plies the plate voltage, and either heats
or puts out the amplifier tubes. It will
be thus noted that everything is auto-
matic in this station.

A ground system was used at first, but
due to the long lead .6 amp radiation
could not be obtained, so a counter-poise
system was installed and .4 amp. more
radiation was obtained.

P‘m‘.’ Continued on page 40
MO-J L5 No T l
= N k-jk No. I hew
o I 00, »wonE
e Al ’ Gore
Cont o-300
39 Turns il
24 i D1 oors | Z000 fy Moy
e Dy 5| Jooaa
Wome s/
O-5 Amm
oS Noxr o0-15V. ™
cw L5y
== S e
e I ONpe
o3 )'l’zznr ¥ Henmy —
Mo SOl F00 A s
= —l'c - 6Voer
CovnrempPorssa E O-6o0v ﬁ
-
2¢
J, " ]

Diagram of Connections for 2BAK
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the calibration of three dials would be
necessary and that changes affecting the
calibration would not affect each one of
the adjustments alike. It is only with
the invention of a practical receiver that
has single control that the marking of a
set in wave lengths will be feasible.

There is one practical and easy way
out of the “muddle,” and that is merely
a systematic usage of the common prac-
tice of noting the adjustments of your
set when receiving from some station
from which it is possible to obtain the
wave length that they were transmitting
on. Many amateurs try this but few
put it on a practical basis.

The placement of this on such a basis
is best done by preparing a set of “reso-
nance’’ charts for your set. This method
is feasible with any type of receiver and
may even be extended to the transmit-
ter although it is not the object of this
article to include that portion of the sta-
tion. The method of procedure is the
same with all sets and the outline below
should give the amateur a working basis
that will enable him to prepare a set of
these charts for the receiver he possesses.

The set given as an example is the
usual regenerative receiver consisting of
a grid and plate variometer, a tapped
vario-coupler and a variable condenser in
the secondary circuit of the same. In
such a set there are five adjustments to
make, i. e., grid V., plate V., primary
of V. C., secondary condenser of the
V. C. circiit, and the filament tempera-
ture. Should you be the possessor of a
variable B battery there is that to be
considered as well. It is assumed that
the receiver covers a wave length range
of 75 to 500 meters. Two types of
these charts will be described, and the
reader may choose between them. The
procedure for preparing and using both
is the same.

The chart that is first described is the
one that will be more convenient for the
average amateur to use. It can be
framed and hung over the operating
table where it can always be easily re-
ferred to. The other is in notebook
form and having to hunt through it for
the settings rather detracts from its use-
fulness.

For the first chart a piece of Bristol-
board or other similar white paper may
be used. It should measure about 10
by 15 inches. It is ruled with six spaces
of an inch in width parallel to its longer
dimension and with twenty spaces of a
half inch in width parallel to the shorter
dimension. Each of these is marked with
a wave length, the total of which covers
a range of 100 to 500 meters. This
will allow the markings to be made in
steps of 20 meters, which should be
neatly done on one side of the chart.
The six spaces of the other dimension
are for the various instruments. It is
convenient to have these run in the order
the adjustments are made, should you
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With each of the listed tubes—RADIOTRON
U. V. 200, $5.00, and A. P. Moorhead Detectors,
$5.00; RADIOTRON U. V. 201, $6.50, and A. P.
Moorhead Amplifiers, $6.50; we will supply free
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Federal Are Radio Manuals are just the thing
for every radio amateur who wants to learn
about this modern system of Radio Communica-
tion. The book is prepared in the simplest pos-
sible manner so that the beginner can under-
stand every word of it. Don’'t be satisfled with
hearing the Arc stations. Learn how they do it.
Send $2.50 for a copy of this helpful book.
RADIO, Pacific Bldg.. San Francisco.

‘*Elements of Radiotelegraphy,’' by Lieut. E.
W. Stone covers most of the modern radio sys-
tems. 400.pages and a good number of excel-
lent illustrations. Known as ‘'‘The Best Book on
Radio.’' You need a copy. $2.50, postpaid any-
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sudion and one step amplifier, all self-contained,
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8ix volt storage battery, tubes and phones. for
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WANTED—Radio amateurs everywhere to se-
cure subscriptions to ‘‘Radio’' on a very liberal
commission basis. lh:vy_lxenu making good
money in spare time. rite today for full par-
ticulars. ‘‘RADIO,'’ Pacific Bldg., San Fran-
cisco.

Save and have, fellows. 10% discount from
the list price of any radio apparatus that you
may order from us. We are s company of ama-
teurs in game. Try us and see for yourself.
Mack's Radio Shop, Ansonia, Conn.
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Pocket size.
Joe Tillberg.
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TELEGRAPHY—(Morse and Wireless) and
Railway Accounting taught thoroughly: big sal-
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All expenses low—can earn large part. Cata-
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Valparaiso, Indiana.
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