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AMENDMENTS TO THE CONSTITUTION OF THE
INSTITUTE OF RADIO ENGINEERS

The following amendments to the Constitution of the Insti-

‘tute were submitted to the membership for vote, in accordance

with the procedure set forth in the Constitution. Having been
adopted by the membership by the vote given in each case below
the text of the amendment, they are now a portion of the Con-
stitution of the Institute. The attention of the membership is
accordingly directed to their text, as here given.

ARTICLE VII

SEcTiON 1: Six weeks before the annual meeting, the Board of Direction
shall submit to the entire membership, excepting Hono! Members and
Juniors, a list of candidates (nominees) for the offices mresident, Vice-
President and two Managers. This list shall comprise at least two names
for each office, the names being proposed either by Petition as hereinafter
provided, or by a majori’tl;y of a quorum of the Board of Direction, at one
of its stated meetings. The list shall contain no indication as to whether
the candidate has been proposed by Petition or by the Board of Direction.

Nomination by Petition shall be made by letter, addressed to the
Board of Direction, setting forth the name of the pro candidate
and the office for which it is desired he be nominated. For acquiescence
a letter of Petition must reach the Board of Direction on or before October
1st of any year, and shall be signed by at least thirty-five Fellows, Mem-
bers or Associates in good standing.

The list of nominees shall contain the names of all candidates pro-
ﬁgsed b{) formal Petition or by the Board of Direction, but before this
ist is submitted to the membership for final vote, each candidate shall be
consulted and if he so requests, the fact that he has withdrawn from the -
election shall be stated after his name.

The entire membership in good standing, excepting Honorary Mem-
bers and Juniors, shall be eligible to vote by written ballots in Plain
sealed envelopes, enclosed within mailing envelopes marked ‘“Ballot” and
bearing the member’s signature for the officers whose names appear on
the list of candidates. A majority vote received up to the time of the
closing of the (Polls gtwent -four hours before the opening of the annual
meeting, the date of which shall be stated in the election notice) shall
elect, and no votes by proxy shall be counted. No proxies or ballots
within unsigned outer envelopes shall be opened for counting. Ballots
shall be checked, opened, and counted by a quorum of the Board of
Direction, at a meeting of the Board.

The above amendment was adopted by an affirmative vote
of 479 to 8.

SectioN 2: The Treasurer, Secretary, and Editor of Publications shall be
appointed by majority vote of a quorum of the entire Board of Direction
as soon as practicable after January 15th of each year, for a term of at
least one year or until their successors be appointed.

The above amendment was adopted by an affirmative vote
of 465 to 22.
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X
RECENT PROGRESS IN RADIO COMMUNICATION IN
GERMANY AND AUSTRIA*

By
Dr. EuGEN NESPER

(VIENNA, AUSTRIA)

The radio work of the last years of the World War and of the
period immediately following (which has been one of unfortunate
scientific depression for the Central European Powers) has been
concentrated on vacuum tube transmitters, amplifiers, receivers,
and auxiliary beat or heterodyne receiving apparatus. Many
different lines of development have been required to meet the
very special demands of fixed stations, heavy mobile stations,
easily portable stations, and ship and aircraft stations. Reception
with a coil or loop antenna provided with a radio frequency ampli-
fier-detector-audio frequency amplifier for the reception of broad-
cast press messages and of financial and weather reports has found
a previously unexpected vogue and usefulness. This mode of
receiving without an elevated antenna or ground connection is
based on the development of the amplifier which originated in
the United States (Lee de Forest). Furthermore, the normal
specifications for the construction of stations and equipment in
the various countries differed more or less. Considering the
then available personnel, it was found, for example, in Ger-
many, that obviously more difficult requirements had to be met
in the apparatus than in the same or at least similar English
apparatus.

A number of typical instances will be given to show the
practicgl application of the above considerations to the most
recently developed equipment.

As a first example, there will be considered a vacuum tube
transmitting and receiving set constructed by the C. Lorenz
Company, of Berlin. The actual set is illustrated in Figure 1.
It can be used for ordinary radio telegraphic transmission, for
measurements of wave length in searching for the signals of
distant transmitters, for reception with primary circuit only,

~ *Received by the Editor, July 6, 1920. Presented before THE INSTITUTE
ofF Rapio ENGINEERS, New York, September 1, 1921. Translated from the

German by the Editor.
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for reception using a secondary circuit, and for radio telephony.
This apparatus, therefore, is adapted to a variety of uses, and yet
covers a relatively wide range of wave lengths, namely from
350 to 1,800 meters, and for both the primary and secondary
circuits. By turning the main control handle a, the set can be

Ficere 1

readily used in any of the wayvs indicated above.  For operating
the apparatus, a number of handles projeet from the front panel,
each handle being provided with a pointer or a window indicator.
These pointers or indicators move over appropriate scales grad-
uated in degrees, wave lengths, closeness of coupling, or filament
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heating current. The upper handles on the left side of the
panel control the antenna inductance and the antenna con-
denser, the handle b controlling the steps of antenna inductance
and the handle ¢ the antenna condenser. The secondary circuit
is controlled by handles on the right side of the panel, thus d
controls the steps of secondary inductance, e the main secondary
condenser, and f a small condenser in parallel with the main
secondary condenser and intended for fine tuning when employ-
ing beat reception. The handle controlling the coupling be-
tween the antenna and secondary circuits g is mounted at the
middle top of the panel. In addition, the panel carries a small
antenna ammeter h under which is placed a second ammeter ¢
for filament current. Under this latter are jacks k for plugging
in three telephone receivers or, if desired, a suitable amplifier.
In the lower left-hand corner of the panel is the handle ! which
controls the filament current of both the transmitting and the
receiving tubes. The buzzer m is mounted on the upper portion
of the panel, and the antenna and ground connections n and o
are brought to the binding posts at the upper corners of the panel.

A telephone transmitter p, adjustable so as to fit the head
of the operator, is provided, and can be plugged into the side
of the case. The key r is similarly provided with cords and a
plug so that it can be connected thru the jack at the bottom of
the panel.

Small doors s are fitted into each side of the case. Mirrors
on the inside of these doors enable the operator to see both the
transmitting and receiving tubes in the inside of the case, and to
note if the filaments burn out. The location of the bulbs in the
interior of the case is advantageous in that it keeps the insulation
warm and dry, and therefore, in good condition. This is im-
portant when the set is used in damp locations.

In the left-hand portion of Figure 2 is shown the trans-
mitting circuit. “The transmitting tube ¢ is lit by a 12-volt
storage battery. Plate voltage is provided either by a 500-volt
dry battery assembly u or by a small direct current generator.
A large condenser is shunted across u. The key is r, and d is the
stepwise variable secondary coil. The secondary tuning con-
denserise. A fixed mica condenser v can be connected in parallel
to e, this being done automatically by the inductance step-
control switch d of Figure 1. The condenser w is the substitute
and equivalent of the ‘‘tone condenser’ f (to be described below),
and is automatically connected into circuit when changing over
from receiving to sending by means of the main control switch a.
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The internal capacity of the tubes is compensated for by the
equivalent capacity of the condenser £ which is automatically
inserted into the circuit across coil d when the control switch a
is thrown over from transmitting to receiving. It should be
noted at this point that the secondary coil d is used for both
transmission and reception, and hence the necessity for the
various substitute condensers w and z.

FiGgure 2
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The antenna inductance b (which is stepwise variable) and
the antenna tuning condenser ¢ form the main elements of the
antenna circuit. In parallel with coil b is connected the con-
denser y when sending or receiving with the secondary circuit
in use. Condenser y compensates for the tube capacity. It is
automatically inserted by switch a. Transmission using a
primary or antenna oscillating circuit alone is not used, because
too large a proportion of bvertones would be radiated. There
are also inserted into the antenna a fixed capacity z, the ammeter
h, and, when required for telephony, the microphone trans-
mitter p.

The circuits for reception with the primary alone and also
using the secondary as well are shown in the right-hand portion
of Figure 2. The receiving tubes {; can be directly connected
to the antenna circuit n ¢ b z k, and the beat reception employed.
A filament voltage of 6 and a plate voltage of 100 are then used.
The telephone receiver k is connected in series with the plate
battery.

In changing over from primary circuit reception to secondary
circuit reception, the condenser y, which is connected at one
terminal only to the coil 2 during primary circuit reception, is
then shunted across coil &, and the secondary coil d is inductively
coupled to the antenna circuit. The secondary circuit consists
of coil d and the variable condenser e, in parallel with which
latter an extra fixed condenser v and a ‘“tone condenser” f are
connected. The beat note is regulated by means of the tone
condenser, which is, therefore, a relatively small capacity. The
substitute condenser z is also connected in circuit in this case.
In searching for the signal of a distant continuous wave station,
the following procedure is carried out. The main switch a is
set to primary circuit reception. By varying the inductance
step switch b and the variable condenser e, the beat tone which
indicates the approximate setting is obtained. After accurately
securing the desired note, the operator switches over to reception
with the secondary circuit connection, first setting the handle
of the tone condenser f to the zero position (neutral zone). By
variation of the step control switch d and careful adjustment
of the secondary condenser e, the set is tuned to a resonance
maximum. The desired tone is then obtained by adjusting the
tone condenser f. The coupling between primary and secondary
g is then adjusted for the loudest signal. In case the transmitting
and receiving wave lengths are equal, the operation of the set
becomes especially simple. It is then necessary merely to
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throw the main switch a from the ‘‘secondary reception’’ position
to the immediately adjoining transmitting position. By opera-
tion of the key, and noting from the antenna ammeter h that
normal radiation is being secured, the transmission may then
proceed without any further adjustment.

The measurement of wave length is accomplished as indicated
in the lower diagram of Figure 2. The buzzer m is started by
throwing the main switch a into the corresponding position.
This sets the antenna into oscillation at the desired wave length
provided the inductance b and the condenser ¢ are adjusted until
the secondary circuit indicates resonance. The secondary con-
denser then gives the wave length of the received signal.

In addition to the typical set just described, vacuum tube
transmitters up to a 10-killowatt size have been built in a wide
variety of forms. From these numerous types, one built by the
former Lorenz Company of Vienna is chosen as an illustration
of convenient portability and carefully chosen electrical design.
Furthermore this set is intended for transmission and reception
on unusually short wave lengths, namely 50, 60, 70, 80, 90, and
100 meters. In Figure 3, this set is shown with the cover of
the cabinet removed. For transmission, a larger type of tube
(which is behind the window at the right, but is not visible in

F1gure 3
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the illustration) is employed; while two small bulbs are used for
reception to ensure reliable beat reception particularly at such
short wave lengths. The set is so constructed that it is largely
independent of the size and type of antenna between wide limits.
This is arranged for by providing a variometer adjustment for
maximum antenna current, in addition to the stepwise adjust-
ment of antenna inductance.

Both transmitting and receiving tubes are arranged so as
to heat the interior of the apparatus (thus minimizing the effect
of moisture on the insulation), and are also placed so that their
light is available for writing or reading messages. The antenna
and ground are connected to the right-hand binding posts. The
control handle underneath them provides for changing from
sending to receiving. In addition, this handle can be set to
“Off,” or to a position in which the transmitting tubes are not
burning at full brilliancy. The adjoining handle controls the
switch whereby any of the six fixed wave lengths can be chosen.
Thereafter maximum antenna current is secured by adjustment
of the variometer in the antenna circuit. The handle of this
variometer is at the bottom right. To its left is the control
handle for varying the note in beat reception. The two jack
pairs at the left are for the insertion of plugs connected to the
telephone receiver and the key. The twin-conductors serve
for connection to the filament and plate batteries, those at the
left being for the receiving tubes and those at the right for the
transmitting tubes.

The apparatus next to be described is intended either for
receiving purposes or for making radio measurements.

The very great importance of amplification in radio reception
has been recognized for many years. As a result a considerable
number of mechanical amplifiers have been devised, which
however, proved to be unpleasantly sensitive to vibration,
shocks, and mechanical injury. It remained for a number of
investigators, particularly in America with (Lee de Forest as the
pioneer) to meet the needs of the situation by the use of vacuum
tubes. Practical tubes of this type were produced by Irving
Langmuir and others, and they were found to be very satisfac-
tory amplifiers since they were practically uninfluenced by
mechanical disturbances and, being almost instantly responsive
in their action, permitted radio frequency amplification as well
as audio frequency amplification.

Taking an audio frequency amplifier first, the phvsncal
pbenomena will be explained in connection with Figure 4. Radio
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frequency amplification will be considered in connection with
the use of loop receivers.)

Ficrre 4

The energy which 1= to be ampliied. for example, that re-
ceived from the detector, is led to the terminals g of the amplifier,
anud then thru asmall iron core transformer h b to the grid circuit
of the first tube. The function of the amplifier i to obtain as
high a potential variation as possible on thiz grid.  Since various
forms of detector supply their output energy at different voltages,
the primary # of the transformer 13 sometimes provided with
three tups controlied by a suitable switch.  In general. how-
ever. o tined primery is provided and the switch eliminated.
An et ergy ompltication of the order of ten times is obtained
v othe plute crrenit of the first bulh, the energy being supplied
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iron-in-hydrogen ballast resistances which can be readily inter-
changed in view of the clip-contact mountings. The fine internal
iron wires are at a dull red heat when theyare functioning properly.
On the front of the box may be seen two sliding doors which
permit access to two switches. One of these has two positions:

FI1GURE 5

“On,” meaning that the amplifier is in use, and “Off,”’ meaning
that the telephones are connected directly to the input or detector
circuit without the interposition of the amplifier. At the left
side of the box is a plug pair which permits connecting the ampli-
fier to the energy input circuit. On the right side of the box,
but not visible in the illustration, are two pairs of terminals,
one for the 100-volt plate battery (usually of dry cells), and the
191



other for the 6-volt filament battery (usually a storage battery).
When the amplifier is in use, the top of the box is generally
closed, and the holes in the top permit the operator to note
whether the bulbs are lit or not.

Probably the greatest changes in the radio field, at least as
regards reception, have been brought about by the development
of the amplifier. It has thus become possible to increase the
strength of the received signals to almost any desired limit,
and indeed to dispense with large elevated antennas and, even
for reception from long distances, to accommodate loop an-
tennas of convenient dimensions inside ordinary rooms.

The most common arrangement is given in the diagram of
Figure 6. The loop antenna a consists of several turns of insu-
lated copper wire which may be fastened to one wall of the
receiving room. In other cases, when it is desired to vary the
direction of best reception at will, the loop can be mounted on
a light wooden frame which can be rotated and which may be
suspended from the ceiling of the room or otherwise mounted.

FiGuRre 6

From the terminals of the loop antenna a twin conductors
cord, terminated by appropriate plugs b, leads to the terminals
of the special receiver ¢. The construction of this receiver is
described below in connection with Figure 7 which shows a type
built by the former J. Berliner Company of Vienna. By means
of the loop receiver, naturally tuned to the appropriate wave
length, and using the telephone d, reception from such distant
stations as Paris, Lyons, Petrograd, or any other large stations
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in Europe, and sometimes even North America, can be accom-
plished.

In case, however, the loudness of signals thus obtained is
not sufficient, or in case it is desired to obtain such loud signals
that a large group of auditors can hear them, a further ampli-
fier f is used which is connected by the conductors e and plugs
to the receiver ¢. This particular amplifier feeds a loud-speaking
receiver or ‘“Megatelephone’” g. If a large horn is used with this
latter, the signals become easily audible thruout a large room.
As an alternative, in place of the loud-speaking receiver g, an
ordinary receiver may be used connected to the amplifier f.
This is desirable when the received energy is very small, as in
reception from very great distances or using very small loops.

The arrangement of the loop receiver shown in Figure 7
permits of obtaining very loud signals even without beat recep-
tion auxiliary apparatus (external heterodyne oscillator) or
further amplifiers. In all, seven tubes are used, which can be
seen in the middle of the apparatus. The circuits are so arranged
that the first four tubes are used for radio frequency amplifica-
tion, the fifth tube is used as a detector, and the last two tukes
for audio frequency amplification.

The tuning elements, inductances and condensers, are built
into the cabinet in this piece of apparatus. The inductances
are mounted behind the glass-covered calibration chart at the
right. The variable condenser is visible in the middle of the
bottom. The wave length can be varied continuously between
200 and 24,000 meters. The stepwise regulation of the coils—
there are three coils in all—is carried out by the control handle
mounted directly over the variable condenser handle. The
filament current can be read by means of the small ammeter
to the left of the condenser handle. To the left of this are two
more handles, the lower one of which controls the filament cur-
rent rheostat, and the upper one of which enables turning the
filament and plate currents on and off.

In the left bottom corner can be seen a small block carrying
jacks for the insertion of two telephone receivers and also for the
filament and plate batteries. The movable handle directly
over this block serves to control a resistarce inserted into the
plate lead of the fourth tube (‘“regeneration control resistance”),
thus obtaining beat reception in the upper portions of its range
of motion and ordinary detection in the lower portions. The
antenna is connected to the two binding posts in the upper right-
hand portion of the case.
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The coupling Letween each tube and the next consists of a
high resistance. with the exception of the fifth and sixth tubes
and the coupling to the telephone receiver. For the former
cases step-up transformers are used; for the latter case a step-
down transformer.

Firevre 7

By thus combining radio and audio frequeney amplification,
the available sensitiveness of the apparatus is such that with a
loop antenna of 30 turns and 1.5 square meters area (4 feet square)
reception from America can sometimes be accomplished. How-
ever, it iz generally advisable when working with such small
loop dimensions to have an external heterodyne oscillator which
may be coupled to the receiver in a variety of ways, and most
simply by placing it in the neighborhood of the receiver.

The physical phenomena in this case are the following: A
minute portion of the energy electromagnetically radiated from
the distant <tation is received by the loop antenna a (Figure 8),
and ix carried by the conductors b to the tubes of the receiver c.
The first three of the tubes in ¢ act as pure radio frequency
amplifiers <o that the extraordinarily small input energy is
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markedly increased by them. The third tube output will accord-
ingly represent about one thousand times the energy received
by the loop a. This increased energy is then transferred to the
fourth and fifth tubes, which partly produce further amplifica-
tion, but at audio frequency, and partly produce so-called recti-
fication which enables the incoming energy to actuate the tele-
phones. It is also possible by adjustment of the regeneration

FI1GURE 8

control resistance to produce beat reception without additional
apparatus, so that, when receiving continuous waves, a clear
tone is heard in the telephones in correspondence with the Morse
signals sent from the distant station. Since the amplitude of
the local oscillations can be varied by means of this same re-
sistance, it is possible to select the best ratio between the ampli-
tude of the incoming signal current and the locally generated
oscillating current, in this way securing a maximum signal
strength on various wave lengths and for various intensities
of the incoming signal. Above a certain value of the resistance,
the local oscillations cease, and ordinary detector reception of
damped waves becomes possible.

Loop antennas with such a receiver therefore constitute a
complete substitute for:

1. The earlier types of complicated receivers with secondary
circuit and many adjustments.

2. Former equipment for receiving press news, financial
reports, and similar information in the long wave range from
2,500 to 20,000 meters. /

3. Apparatus for receiving time signals (in connection with
the regulation of clocks).

195



The advantages of the loop antenna are in its considerable
reduction of those atmospheric disturbances of reception which,
with high antennas and ordinary receivers, frequently hold up
all traffic during the warmer months of the year for hours at
a time. Furthermore, increased selectivity is obtained in that
the same receiver discriminates between damped and continuous
wave stations and, by utilizing the directional characteristics
of the loop, enables picking one station signal to the more or
less complete exclusion of a number of interfering stations.

In those cases where the strength of the incoming signal is
ample for effective amplification, it is desirable to use an external
heterodyne oscillator for beat reception.

The general arrangement of such an external oscillator used
in conjunction with a loop receiving set of the former J. Berliner
Company of Vienna is shown in Figure 8. Here a is the sus-
pended rotatable loop, the received energy from which is con-
nected by b to the receiver c. The telephone receiver is plugged
into jacks in ¢. The external oscillator f is loosely coupled to
the receiver c, for example, by placing f and c close to each other
on the table. The intensity of the signals can be brought to
the best value within limits by moving f on the table.

The external appearance of such an oscillator with its cover
removed is shown in Figure 9. At the top are seen two ordinary
amplifier tubes which are inserted into their sockets in the usual
way. Besides these are the iron ballast resistances in hydrogen
which tend to maintain constant filament currents. Below the
tubes, and to the right is a rotary switch handle which permits
choosing any one of three ranges of wave length extending in all
from about 2,500 meters to 22,000 meters. The fine tuning to
the desired wave length is done with the variable condenser
placed at the left of the last-named switch. The handle of the
variable condenser has two attached window indicators, one of
which reads wave lengths on calibrated scales, and the other of
which reads from 0° to 180°.

A switch for turning the filament current of the tubes on and
off is placed below the condenser, and to the right of this switch
are jacks for the plate and filament current batteries.

The loop-receiving set previously described enables covering
the wave length range from 2,200 to 34,000 meters. Inasmuch
as all tuning circuits, radio and audio frequency amplification
circuits, detector, and regeneration control are included in the
same apparatus, an unusually favorable combination is obtained
both as regards portability and ease of operation.
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It is not always necessary to cover so long a wave length
range, and sometimes the separate parts of the set are desired.
Thus, in Figure 10 is shown the exterior of a four-step radio
frequency amplifier which is one of the component portions of
the loop receiver. The whole receiving set can, then, be built
up out of the following parts: loop, tuning means (generally
merely a variable rotary plate condenser), four-step radio fre-
quency amplifier, audio frequency amplifier, and such additional
parts as storage batteries, high voltage battery, telephones,
and so on.

F1GURE 9

In the four-step amplifier of Figure 10, the first three tubes
act as radio frequency amplifiers, and the fourth as a rectifying
detector. The circuit is so arranged that no external oscillator is
required for beat reception of continuous wave stations. This am-
plifier can be used with ordinary tuned-secondary receivers work-
ing with elevated antennas. In the amplifier shown in Figure 10,
the windows in front of the four tubes are seen at the top, these
tubes being inserted by lifting the top of the case. To the right,
directly under the fourth tube, is a switch which not only turns
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the filament current on and off but regulates its value. The
voltage across the tubes is indicated on the voltmeter to the left.
Depressing the button under the voltmeter connects that instru-
ment across the plate battery and permits measuring the plate
voltage. To the right on the panel is the handle controlling the
resistance for beat reception or plain detection, which handle
also permits adjusting the local oscillations till optimum signal
is obtained. The telephones are connected into the double
jack at the right of the panel, the filament and plate batteries
into the triple jack, and the connections to the tuning circuit are
made from the double jack at the left of the panel.

Frevre 10

Directional receivers or radio goniometers were used in the
World War on airplanes and otherwise.  But their commercial
applieations are sure to increase in the future. For example,
with the inereasing use of aireraft, reception on the plane should
also serve to guide the flight and permit safe descents to the
landing field.  Optical and accoustic means of positively locat-
ing the landing field have not proven adequate for the purpose.

The solution of the problem of finding the direction of the
incoming waves at a receiving station is most easily and reliably
attained by using two directional antennas in conjunction with
a receiving goniometer.  The type of goniometer built by the
former Lorenz Company of Vienna is intended for use with two
closed triangular antennas (loops) which can be very readily
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erected by the simplest means, and which gives greater accuracy
in direction and freedom from locally produced errors than
other methods.

The general arrangement is shown schematically in Figure 11.
In this Figure, a,, b, and as, bs are the pair of triangular antennas.
The mast which supports them is only 9 meters (27.45 feet)
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high. The four small outer masts are 2 meters (6.1 feet) high
and at a distance of 15 meters (45.75 feet) from the foot of the
central mast. The planes of the two antennas must be per-
pendicular to cach other, and it is convenient to arrange them in
the East-West and North-South  directions. The  terminals
a, are connccted to the North-South binding posts of the goni-
ometer and the terminals as to the Iast-West posts of the goni-
ometer. If the ends b, and b are left open, a wave length range
of from 150 to 760 meters can be covered in three steps. 1f the
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two ends b, are connected to each other, and the two ends b.
similarly connected to each other, the wave length range is
extended to 1,700 meters. If longer waves than 1,700 meters
are to be received, there is connected between the terminals
b, and bs a special piece of auxihary apparatus, which has also
been worked out by the former Lorenz Company, Limited, of
Vienna.

The goniometer of the Lorenz Company of Vienna is worked
out as a double receiver, with the necessary tuning elements
permitting directional receptions of wave lengths between 150
and 750 meters embodied in the apparatus. Figure 12 shows
the goniometer removed from its protecting case. It will be
seen that there are two cylindrical coils, one mounted at right
angles to the other and underneath it. The length, diameter,
number of turns, and taps are so chosen that as uniform a field as
possible is obtained, so that the cosine law of variation of induc-
tion with angular rotation is obtained for the short detector coil
within each of the larger field coils. In order to secure the best
value of coupling in each case, there is a detector circuit coil
mounted within each cylindrical (field) coil. Both the detector
coils are rigidly mounted on a common shaft which projects thru
the top panel and carries the pointer o (Figure 11) which moves
over a 0°-360° divided scale. It is, therefore, clear that when
one of the detector coils is most closely coupled to its correspond-
ing field coil, the other detector coil has practically zero coupling
to its field coil. Inside the handle controlling the pointer o
is a switch control enabling the choice between two detector
couplings, and provided with a pointer designating ‘“close’” and
“loose’’ coupling.

The ends of the detector coils are connected to the detectors
m and n, either one of which can be selected for use by means of
the switch g.

The telephone receivers or the input terminals of an amplifier
can be plugged into the jacks j.

Any one of three wave length ranges can be chosen by means
of the handle ¢. This handle controls a switch which connects
all four antenna terminals to the correct conductors leading to
the three windings on each of the cylindrical field coils. Depend-
ent on the setting of switch ¢, the following wave length ranges
are obtainable: 150 to 300 meters, 250 to 460 meters, and 410
to 760 meters.

Fine tuning is secured by the air condensers e which are
mechanically coupled so that both antennas are simultaneously
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and correspondingly tuned. Small differences in their tuning
may be compensated for by means of the condenser f. A switch
h enables changing over the antennas from the upper to the lower
cylindrical coils, according as the switch is set in positions I and
III. In position II, the antennas are both grounded thru an

FiGure 12

earth connection to the binding post 7, this being done when
atmospheric disturbances threaten to injure the receiver or the
detectors. If it is desired to extend the wave length range, ad-
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ditional condensers can be connected in parallel with the
tuning condensers at the jacks [ and k.

Radio measurements have recently assumed much increased
importance. Thru the introduction of vacuum tube generators
of radio frequency alternating currents and the use of beat
reception, it has become possible to give to such measurements
a very satisfactory precision.

The best way of meeting the various requirements for such
measurements is to use high vacuum tubes (pliotrons) with
appropriate circuits. It thus becomes possible to generate
radio frequency currents which, being sustained, permit the
obtaining of sharp resonance effects. These same currents -
remain quite constant over long periods of time. The use of
expensive rotating machinery, with constant attendance, for
the production of radio frequency energy is thus avoided.

The following assembly of apparatus for measuring purposes
is built by the former Lorenz Company, Limited, from the designs
of the author and Paul Floch. It is based on the possibility of
combining all the necessary oscillating circuits and auxiliary
apparatus required in conjunction with a tube for the important
radio frequency measurements in one piece of apparatus of small
dimensions. There is combined with this a calibrated secondary
circuit which contains a calibrated inductance and capacity-free
resistance.

Besides being used for measurement purposes, this apparatus
can be employed as a continuous wave transmitter.

Both pieces of apparatus are shown in Figure 13. To the
right is the tube generator or primary circuit, to the l&ft the
secondary or measuring circuit which can also be used in trans-
mitting or receiving circuits when connected to the antenna.

The primary circuit consists of a three-clectrode tube a,
which receives its filament current from a battery connected to
the binding posts b, and its plate circuit energy from a generator
connected to the binding posts c. The variable air condenser d
and the inductance e, the tapped sections of which can be in-
serted into the circuit thru a switch g, constitute the oscillating
circuit. By varying g and the condenser d, the wave length
of the oscillator for measurement, transmitting, or receiving
purposes can be continuously varied from 150 meters to 1,200
meters.

A small secondary coil is mounted inside the cylindrical
coil e. It can be rotated by means of the small handle f, which is
provided with a graduated scale. The energy picked up by this
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small coil is used either to excite the secondary circuit or else
the antenna. For this purpose the energy is transferred thru
the conductors k. A small rotary switch 7 is provided with three
settings, whereby the primary circuits is adapted to “Transmit,”
‘“Receive,” or “Measure.” The current thru the filament of
the tube a is controlled by the handle k of a continuously variable
resistance. A small hot wire ammeter [ is provided, which meas-
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ures the radio frequency current in the closed primary cireuit.
The filament current is measured by the moving coil ammeter m.
At n are two jacks for plugging in a telephone receiver. A key j
is provided which is used when the apparatus is employed as a
continuous wave transmitter.

The secondary circuit is connected to the primary cireuit
by the previously mentioned conductor h. It consists of a
tapped coil 0. Two plug connections lead from this coil to the
variable air condenser p, to a calibrated tapped resistance ¢,
which may be plugged in as desired or short-circuited by means
of the knife switch r, to a small hot wire meter s, and to a sensi-
tive galvanometer, and three terminals behind the coil o which
can be either partly short-circuited or conneeted to the oscillatory
circuit under investigation, for example, the antenna system.
The galvanometer and three terminals last mentioned are not
shown in Figure 13. A small aperiodie eireuit, not shown in
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the Figure, and containing an adjustable thermo-detector, is
also provided to permit exact decrement measurements of
relatively slightly damped systems (resonance circuits, antennas
of low decrement, and so on). This circuit and detector can be
connected by flexible conductors to the sensitive galvanometer.
The aperiodic circuit itself is placed either on the resistance g,
or, when very close coupling is desired, on the coil o. The
energy transferred to the detector, and consequently the gal-
vanometer deflection, may therefore be controlled between wide
limits.

This assembly of apparatus consequently carrying out many
of the measurements of radio telegraphy, can be used as a con-
tinuous wave transmitter, or for detector or beat reception, thus
amplifying the effect of incoming continuous waves. Finally,
the apparatus can be used for radio telephony, tho naturally
only for short distances since the available energy is limited.
Among the measurements which can be carried out are: meas-
urement of the wave length and decrement of closed and open
circuits, measurements of the constants of coils, condensers,
insulating materials.

The development of small radio stations for use in trenches,
airplanes, and so on gave rise to a considerable demand for a
small, light, easily portable, and yet physically exact measuring
apparatus. In view also of the long range of wave lengths now
used in radio transmission, a continuous variation over this
entire range is required.

These requirements have been met by the ‘“pocket wave
meter’’ shown ready for use in Figure 14. This was built by the
former Lorenz Company, Limited, of Vienna, from the designs
of the author. The outside dimensions of each. of the small cases
is 20 by 7 by 10 cm. (7.85 by 2.75 by 3.93 inches). They are
therefore, about the same size as a cigar box. * Nevertheless, the
circuit elements are constructed in a physically satisfactory way
inasmuch as the condenser has rotary plates in air, and the coils
have been chosen as to their dimensions and number of turns
to give a minimum decrement. Furthermore, the continuous
wave length range of this meter, either for reception (measure-
ment of wave length) or for sending with small energy (buzzer
circuit of Eichhorn) extends from 50 to 6,000 meters. In addi-
tion, each wave meter is provided with a small aperiodic detector
circuit, shown in the Figure, consisting of a coil, adjustable
detector, and telephone which is plugged into place. This fits
into the wave meter case, and is particularly useful when the
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wave meter is used for decrement measurements. This circuit
may be coupled as loosely or closely as desired to the wave
meter inductance, It is also possible to plug the antenna and
ground into jacks on the wave meter and receive signals with
primary circuit alone. In gencral, the resonance indicator used
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in this apparatus consists of a small hot wire “watt meter,”
which is provided with a special fuse to proteet it against being
burned out. If the energy available lies helow certain limits,
the aperiodic detector circuit and telephone receiver is used for
locating the resonance setting. The wave meter is ecoupled to
the system under investigation thru any one of the five available
inductances.
Vienna, June 2, 1920.

SUMMARY: After describing the general trend of radio development in
Central Europe during and immediately after the war, there are described in
detail a low power tube radiophone transmitter and receiver; a very short
wave tube telegraph transmitting and receiving set: an audio frequency three-
step amplifier; a complete loop antenna and receiving set having a four-step
radio frequency amplifier, detector, and two-step audio frequency amplifer;
an external heterodyne oscillator; a four-step radio frequency amplifier; a
complete radio goniometer receiver; an assembly of apparatus for radio
frequency measurements; and a portable wave meter.
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RADIO TASTE RECEPTION*

By
ALFRED N. GOLDSMITH

(DIRECTOR, RESEARCH DEPARTMENT, RADIO CORPORATION OF AMERICA)

AND

Epwarp T. DickEy

(AssISTANT RESEARCH ENGINEER, RADIO CORPORATION CF AMERICA)

I. INTRODUCTION

Practically all reception of radio telegraphic signals of a
practical nature which has been done up to the present time
has been accomplished thru the sense of hearing of the operator.
Some slight amount may have been done by using the operator’s
sense of sight, but this has never been found sufficiently satis-
factory to warrant its use in practice. It was suggested by Mr.
Arthur A. Isbell, that under certain operating conditions, for
example, in places where there is great interference due to ex-
terior noises, as in the case of the operator on an airplane,
there might be a certain advantage in employing the opera-
tor’s sense of taste rather than his sense of hearing in receiving
signals. The object of this paper is to describe some tests
made to determine the feasibility of reception of radio tele-
graphic signals by the sense of taste.

II. PreLimINARY TEsTs UsiNG DirRect CURRENT AND 60-
CYCLE ALTERNATING CURRENT

1. Tests UsiNg DiRecT CURRENT
(A) APPARATUS
(a) ELECTRODES

The fact that a stinging taste sensation may be produced
by placing the two wires of a low potential electric circuit on the
tongue is well known. The first problem met with in investi-
gating taste reception was to design a pair of electrodes which

*Received by the Editor, January 12, 1920. Presented before T'Hk
InsTITUTE OF RADIO ENGINEERS, New York, October 6, 1920.
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could be kept in the operator’s mouth for a considerable length
of time. It was, of course, necessary to choose for the metal of
these electrodes some material which would not form injurious
salts of the metal in the mouth of the operator. This limited
the available metals to gold, platinum, or silver. Because of
the prohibitive cost of the first two, silver was selected for use in
these tests.

Two electrodes were made of sheet silver about 0.016 inch
(0.04 cm.) thick, 0.5 inch (1.27 cm.) wide, and 2 inches (5.08 cm.)
long. They were separated by a piece of insulating material
about 0.25 inch (0.63 cm.) thick. The construction is shown in
Figure 1. It was intended that the tongue should be placed
between the electrodes. Wires were brought from each electrode
so that they. might be connected to a source of potential.

\m

lm«hm}v‘—i .
Silyer Electroacs

Connac ting Wires

1ol ]

Ficure 1

A few tests were made to determine the best position, pres-
sure, and size of contact for the electrodes. It was found that
placing the tongue between the electrodes as originally intended
did not give the most satisfactory results. For the tests using
direct current and 60-cycle alternating current, it was found
better to have the electrodes slipped over the upper front teeth
rather than the tongue. In this way one contact touched the
inner part of the upper lip, while the other could be conveniently
touched by the tip of the tongue. All the taste sensation was
then confined to the tip of the tongue, which was found to be by
far the most sensitive region in the mouth. The electrode
touching the upper lip acted merely as a means for connecting
that side of the circuit to the mouth.

In later tests made when using signals from a buzzer
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source, and signals from an antenna, it was found that the
arrangement of electrodes just described was apt to cause painful
sensations in the operator’s front teeth. In an effort to prevent
this, another disposition of the electrodes was tried. This was
to have the ends of both contacts touch the tip of the tongue.
This arrangement was found to give very good results. It had
been tried previously when using the direct current and 60-cycle
alternating current sources of potential, but had been found
unsatisfactory, probably because of the relatively higher current
and lower potential values common to such sources.

In all cases the best pressure between tongue and electrodes
was found to be a firm, but by no means heavy pressure.

The electrodes should be small and should be close together
80 as to confine the taste sensation to a small area of the tongue
and thus concentrate it. Two pieces of number 16 silver wire'
0.5 inch (1.27 ecm.) long, separated about 0.125 inch (0.31 cm.)
and partially imbedded in some insulating material would make
very satisfactory electrodes for actual signal reception. The
taste sensation should be obtained with the tip of the tongue,
for this organ becomes increasingly insensitive toward its poste-
rior portion.

(b) Direct CurreNT CIRCUIT

The circuit and instruments used in the d.c. tests are
shown in Figure 2. Storage cells were used as the source

Electrodes

w_:

0-2 volts,

2|
Key

F1GURE 2

of potential. The potentiometer was a 160-ohm sliding con-
tact resistance connected as a potentiometer. The voltmeter
had a range of 0-2 volt, and the milliammeter had a range of
0-1 milliampere. The contacts of an omnigraph could be
substituted for the key shown in the figure.

1 Diameter of number 16 wire =0.05 inch =0.013 ¢m.
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(B) OBSERVATIONS

The first test that was made was to determine the constant
potential necessary to produce the least noticeable taste sensa-
tion. It is quite probable that this potential would vary with
different individuals, and possibly with the same individual at
different times. The value necessary for the observer was
V=0.4 volt. For this potential, the current thru the tongue,
as indicated by the milliammeter, was 0.01 milliampere. Tests
were then made at higher potentials, the results obtained being
as follows:

V=0.75 volt. The tests made indicated that signaling
would be impossible at this potential. The element of fatigue
was strongly noticeable at this voltage. It was found that if
the key were kept depressed for 5 seconds, it was impossible to
detect the opening and closing of the key immediately after the
continuous current period. In fact, it was generally necessary
to rest for about 10 seconds before the opening and closing of
the key could be again clearly noted. The current at this poten-
tial was about 0.02 milliampere. On first closing the key it is
probable that the current was of the order of 0.1 milliampere
for a short time. It fell quickly, however, to the lower value.
This effect was probably due to the polarization phenomena
which will be described later.

V=1.0 volt. Using this potential it was found that the
opening and closing of the key could be detected after an almost
indefinite period of continuous current. It should be noted here
that while it is stated that the opening and closing of the key
could be noted, it was really only the closing that produced a
noticeable sensation. With the potentials used up to this point,
it was not possible to note the actual opening of the key by
noticing the cessation of the taste sensation. The current at
this potential was approximately 0.05 milliampere. On first
closing the key it was probably about 0.2 milliampere.

V=1.5 volts. Using this potential it was just possible to
note the time of opening the key after a period of continuous
current due to the cessation of the taste sensation. The current
at this potential was approximately 0.1 milliampere. On first
closing the key it was probably 0.2 milliampere. It would be
possible to transmit signals very slowly (about 2 words per
minute) at this potential.

V =2.0 volts. The taste sensation obtained with this poten-
tial was considered sufficient for the practical transmission of
signals. The probable speed of transmission would not be over
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10 words per minute, and possibly no higher than 5 words per
minute. The current at this potential was approximately 0.25
milliampere, and slightly higher than this on first closing the key.

(C) NoTEs oN TASTE SENSATIONS

It is proposed to give herein the physiological effect of this
method of reception on the operator, and to discuss certain
electro-chemical phenomena in connection with the mouth
electrodes.

It was noted that the taste sensation was more pronounced
on first closing the key than after the key had been held down
for some length of time. This was probably due to fatigue of
the taste nerves on continuous excitation, and also to a partial
polarization of the cell formed in the mouth. This latter effect
would cause a decrease in the current, and thus a weaker sensa-
tion of taste. The fact, noted before, that the current was appar-
ently higher on first closing the key seems to indicate that polari-
zation was the deciding factor in this phenomena. This leads
to the suggestion that alternating current might give better
results than direct current as the source of potential, as the former
would be free from polarization effects. It was found that the
positive mouth electrode became blackened by a coating of
oxide where the tongue made contact with it. As the other
electrode did not become blackened at all, the nature of the
polarization is clearly shown.

It will be remembered that in these preliminary tests
one electrode made contact with the upper lip and the other
was touched with the tongue. In the tests made so far, the
latter had been connected to the positive pole of the battery.
To determine whether the polarity of the tongue electrode would
make any difference in the characteristics of the taste sensation,
the polarity of the source of potential was reversed. It was
found that the sensations were slightly less distinct when the
negative pole was connected to the tongue electrode.

After this test the polarity of the electrodes was changed
back to the original arrangement, and it was found that a much
larger current now flowed in the mouth electrode circuit than
had been obtained previously, using 2.0 volts potential. The
current now obtained was 0.4 milliampere instead of the 0.25
milliampere previously recorded. On keeping the current on
continuously it was found that the meter indicated a slow fall
in the value of the current until the former value was approached.
From this we conclude that the polarity of the electrodes
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had been reversed until the polarization of the cell in the mouth
was such that it assisted the flow of current. After the current
had flowed for a time, however, the polarity of the mouth cell
became again reversed, and by opposing the battery potential,
caused the value of the current to fall.

.In connection with the increase in current just described,
a peculiar effect on the sight of the operator was observed. On
closing the key the operator noticed an effect which, at first,
made him think that the lights in the room were flickering. On
further investigation, however, it was noted that the apparent
flicker of the lights occurred only when the key was closed. As
nearly as could be determined, the effect of this relatively large
current passing thru the mouth was to cause the iris of the
operator’s eyes to contract momentarily, thus giving the effect
of a flickering of the lights in the room. A slight effect of a
similar nature was noted on opening the key.

In connection with the reading of signals by taste, it was
noted that the greatest difficulty was experienced in reading
dots which were immediately preceded by dashes. The letter
“¢” (—.—.) was especially difficult to receive for this reason.

2. TEsTs UsING 60-CYCLE ALTERNATING CURRENT
" " (A) APPARATUS

The source of potential used was a 110-volt, 60-cycle gener-
ator. The circuit used is shown in Figure 3. The potential
was impressed across the 160-ohm non-inductive resistance
shown as R’ in the figure. As the potentials needed in these
tests were of the order of 1 or 2 volts, a second resistance, R",

'
160 &
non- indeuctive
Resistance

Elgetreces

Fiaure 3

was shunted around a portion of R’. As there was no a. c.
voltmeter available for this work, which could be used to meas-
ure 1 or 2 volts, the potential impressed across R”’ was measured
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by an a. c. voltmeter having a range of 0-50 volts, and the poten-
tial impressed on the mouth electrodes was calculated. As R”’
was just 15 inches (38 cm.) long (actual resistance wire winding),
a potential of 15 volts was impressed across it. Thus there was
a potential drop of one volt per inch of length along the winding.
R’ was wound non-inductively like R’. As the amount of cur-
rent taken by the mouth electrode circuit was small (not more
than 0.5 milliampere) and as great accuracy as to the value
of the potential was not essential, this method gave a value which
was sufficiently exact for our purpose. No attempt was made
to measure the current in the mouth electrode circuit.

(B) OBSERVATIONS

Tests were first made to determine the lowest alternating
potential with which it was possible to obtain a taste sensation.
This was found to be with approximately V =0.5 volt.

V=1.0 volt. Using this potential it was found possible to
note the time of opéning the key after a period of continuous
current, by the cessation of the taste sensation. It would be
possible to transmit signals very slowly at this potential. The
definiteness of the signal in this case was about the same as that
obtained using 1.5 volts d. ¢. It is hard to compare the two
directly, for as will be described later, the nature of the taste is
rather dissimilar for the two types of current.

V=15 volts. The taste sensation obtained using this poten-
tial was considered sufficient for practical transmission at a
rate of 5 words per minute. N

Higher speeds than this (10 words per minute) might possibly
be obtained by using higher potentials.” It is probable, however,
that this increase in speed would be due to the operator’s ability
to read by muscular reaction instead of the sense of taste. As
will be described later, this phenomenon of muscular reaction
was quite noticeable at the higher potentials.

(C) NoTes ON TASTE SENSATIONS

The taste sensation accompanying the use of an alternating
current source of potential differed from that obtained using
direct current in the following ways:

1.—The element of fatigue did not seem to be so noticeable
when using a. ¢. This may have been due to a slight variation
of the taste with the alternations.

2.—The taste sensations did not appear to be any stronger
than those obtained using the same potential d. ¢. However,
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it is probable that at the peak of each wave a larger current
flowed than was the case with the d. c. The lack of any polari-
zation phenomena with a. ¢. would lead to the belief that a some-
what larger current would be passed. The taste sensation was
more continuous in its intensity when using a. ¢. than when
using d. c.

3.—Combined with the taste sensation was the natural mus-
cular reflex common to a. ¢., which was felt as a trembling in the
tongue. At the higher voltages this was more noticeable than at
the lower voltages. At 0.5 volt it was almost unnoticeable. It
is probable that this muscular reaction was the principal reason
for the taste sensations seeming to be more constant in inten-
sity with a. c. than with d. c. ‘

The more constant character of the taste sensation, com-
bined with the slight muscular reaction obtained with a. c.,
made it possible to read signals, using a lower potential than was
required with the d. c.

At higher potentials (2.0 to 3.0 volts) the same effect on the
operator’s eyes was noted that has been mentioned under the sec-
tion on d.c. tests. Asin the former case, the phenomenon was due
to large values of current thru the mouth electrode circuit. In
the a. c. tests a slight difference in the effect was noted. The
operator not only noted a quivering of the eyes on first closing
the key, but also a constant quivering as long as the key was
held down. It was also noted that, for the same potential, the
effect on first closing the key was not so marked as with d. c.

(D) REMARKS oN SioNALs RECEIVED Using 60-CYCLE
ALTERNATING CURRENT

The highest speed which the operator found it possible to
receive by taste reception was 5 words per minute, and in order
to do this it was necessary to become accustomed to this method
of receiving, for it is quite dissimilar to audio-reception. It is
possible that with sufficient practice an operator might be able
to receive at a rate of 10 words per minute by taste reception.
It is doubtful, however, if the speed could be increased much
above that. The reason for this is what might be called the
“lag’” of the taste nerves. It has not been possible to determine .
whether this is due to an actual sluggishness in the nerves, or a
mechanical inertia of the liquids in the mouth. It should be
noted that a certain time is required for the chemicals which cause
the taste sensation to form between the electrode and the tongue,
and then that a further small period of time is necessary for them
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to be dissipated after the forming current has ceased. Regard-
less of the exact nature of the phenomenon, however, the fact
is easily demonstrable that a fraction of a second elapses between
the time the circuit is closed and the moment when the sensa-
tion of taste is first noted. Furthermore, a similar period may
be noted after the current has ceased, when the taste sensation
- still persists. As nearly as could be ascertained, this time lag
is from 0.25 to 0.5 a second. The effect of this is to slow down
the permissible speed of signal transmission. It also necessi-
tates a special type of sending. The dots and dashes must be
of greater length than in ordinary transmission, and the spaces
hetween the dots and dashes of a single letter must be longer
than usual. As a consequence, of course, the spaces between
letters and words must be correspondingly increased. All of
these requirements limit the possible speed of reception.

3. CALCULATIONs TO DETERMINE THE PRACTICABILITY OF
TAsTE RECEPTION FROM AN ENERGY STANDPOINT

‘To determine whether it would be possible to use the taste
receiver for the reception of actual radio signals, calculations
were made on the basis of the data obtained in the d. ¢. and
a.c. tests, to ascertain if the amount of energy ordinarily avail-
able in a small receiving antenna could be sufficiently amplified
to be used for taste reception.

It has been found that the current in a 25-ohm antenna,
necessary to produce unit. audibility in the telephones, using a
crystal detector, is 5 microamperes. As a basis for calcula-
tion, a signal giving an audibility of 1,000 was selected. The
current in the antenna system for such a signal would be ap-
proximately 30 times that necessary for unit audibility, or
150X 10 amperes.

In order to determine the voltage and energy amplification
required to permit such a signal to be tasted, it was now neces-
sary to ascertain the potential and energy available in the second-
ary or detector circuit.
~ Calculation showed that such a signal corresponded to an
energy in the secondary circuit of approximately two-tenths of
a micro-watt.

In the tests using direct current and 60-cycle alternating
current it was found that about 2.0 volts potential was necessary
for workable taste signals. The measurements made with d. c.
indicated that this potential produced a current of about 0.25
milliampere in the mouth electrode circuit. In other words,
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the energy necessary for readable taste signals was about 500
micro-watts.

Comparing these values with those of the actual signal as
found above, it is seen that the necessary voltage amplification
is 50 times, and that the energy amplification is 2,500 times.
As it is possible in practice to obtain voltage and energy ampli-
fications of this order, there was justification for further investi-
gation of the taste receiver, using actual signals as the source.

III. TeEsts MADE wWITH RAD10 FREQUENCY SIGNALS

1. UsiNGg SIiGNALS FROM A BUzzER SOURCE
(A) APPARATUS
(a) Circuirs
It was decided to try signals from a buzzer source first, as

these could be easily obtained and controlled. Accordingly,
the circuit shown in Figure 4 was set up.
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The clrcults were tuned to a wave length of approxxmately
600 meters. The detector used was A4 vacuum tube T h?
plate potential employed was 60 volts. The . capaclty of the
grid condenser was 0. 005 uf., and the lqak resnstance betwe¢n
the grid and the plus side of the’ ﬁlament battery was 500,000 .
ohms. The’ amphﬁer used was a two-stage transformer-coupled
amplifier giving a total voltage amphﬁcatlon of 150 times. Th(e
- transformer between the amplifier and the mouth electrodes
will be described later. An omnigraph was used 111 thq usual
way in the buzzer circuit to produce sxgnals

It was found necessary to ground the plus terminal of the
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filament battery to prevent the amplifier from howling. The
amplifier bulbs were lit from the same battery as the detector
bulbs. Separate plate batteries were used, however.

It was necessary to place the buzzer circuit across the room
from the detector and amplifier circuits, because when placed
nearby, the buzzer induced strong audio frequency currents
in the amplifier circuits. The inductance coil of the receiving
circuit was coupled to the buzzer inductance, and twisted leads
were run across to the receiver circuit.

In these tests, the electrodes were placed about 0.125 inch
(0.3 cm.) apart and touched to the operator’s tongue. This
was found to give better results for the reception of radio fre-
quency signals than the method employed in connection with
the d. c. and a. c. tests.

(b) OutpuT TRANSFORMER

It was of course, impossible to connect the taste elec-
trodes across the output terminals of the amplifier as the d.c.
plate current of the last amplifier bulb would then pass thru
the operator’s tongue. It was, therefore, necessary to find a
suitable transformer so that only the audio frequency a.c. would
be obtained in the taste electrode circuit.

The following transformers were tried after consideration of
the requirements:

Century Telephone Company, Air Core Transformer, number
CAC 1013A.

Federal Telegraph and Telephone Company, Type 226W
Transformer.

Western Electric Company, number 5 Induction Coil.

Western Electric Company, number 26A Repeating Coil.

In testing these transformers the following facts were noted:

A step-down ratio of transformation was necessary from the
last step of the amplifier to the taste electrodes.

In the detector circuit, or with only one stage of amplifica-
tion, a 1-to-1 ratio was best. As would be expected, the higher
the amplification, the greater the necessary lowering of the volt-
age for proper reception. -

The requirements of the taste receiver seemed to neces-
sitate the use of a power transformer, that is, one capable of
handling considerable energy while acting as a potential trans-
former. :

The following figures give the relative strength of the taste
sensation obtained, using the four transformers mentioned above,
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taking the intensity given by the Federal Company’s transformer
as 5:
Western Electric Company, number 5 Induction

Coil (reversed)............ ... ... ... ........ 0
Century Telephone Company, number CAC 1013A

(step-down)............. ... .. ... ... ... .. 1
Western Electric Company, number 26A Repeat-

ing Coil (step-down 3-to-1)................... 4
Federal Telegraph and Telephone Company,

Type 226W (step-down) .. ................... 5

As the Type 226 W Transformer of the Federal Company
gave the most satisfactory results, it was used in the tests
which are described below.

(B) OBSERVATIONS

The coupling between the buzzer circuit and receiving circuit
inductances was increased until a taste sensation was obtained
which was of the proper strength for signaling. Measurements
were then made of the audibility of the signal in the detector
circuit by the usual shunted telephone method. In making the
measurements a pair of Western Electric Company Type P-11
telephone receivers were used. These telephones have an impe-
dance of 22,000 ohms at 500 cycles. A decade resistance box was
used to shunt the telephones. It was found that the signal of
the proper intensity after two stages of amplification to permit
of reception by taste, had an audibility of 500 in the detector
circuit.

It was thought that a possible increase in the intensity of the
taste sensation might be brought about by tuning the mouth
electrode circuit to the audio-frequency tone of the buzzer.
Values of capacity from 0.05 pf. to 4.0 uf., were tried in series
with the transformer winding and mouth electrodes. With a
condenser of 1.0 uf. capacity in series, the taste sensation was of
the same intensity as when no capacity was in the circuit.  With
all other values, however, the insertion of the condenser decreased
the intensity.

2. USING SIGNALS FROM AN ANTENNA
(A) APPARATUS
For the purpose of receiving outside signals, an ordinary
inductively coupled vacuum tube receiver was emploved. The
antenna used was a single wire, 150 feet (45.8 m.) high and
180 feet (54.9 m.) long. It was found necessary to use four
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stages of audio-frequency amplification in order to get taste
sensations of the proper intensity. Two sets of two-stage
transformer-coupled amplifiers were connected in cascade. By
separating them about ten feet (3m.), it was possible to get
rid of the howling tendency sufficiently for the purpose of
taste reception, provided the operator, who was connected
to one amplifier, did not go too near the other. The reason
for needing a greater amplification in this test than in the
tests using buzzer signals was probably that the antenna used
had a very high resistance, and thus altho the voltage amplifica-
tion obtained with a two-stage amplifier would have been suffi-
cient, the actual energy available at the end 6f the second step
was not sufficient for taste reception.

(B) OBSERVATIONS

With four stages of amplification it was possible to get taste
sensations from all signals, the audibility of which in the detector
circuit was 500 or more. The higher the audibility of the signal,
the stronger was the taste sensation produced. The strongest
signal received had an audibility of 5,000 in the detector circuit.
The taste sensations resulting from this signal were not strong
enough to cause discomfort for the operator. Whether or not
a signal might be obtained of sufficient intensity to cause discom-
fort to the operator, would depend on the amount of energy which
"the last stage of the amplifier could handle.

As the signals received were commercial messages, their speed
prevented them from being read by taste reception, but the
intensity was sufficient to permit of their having been read had
the sending been slower. It was found possible to tune in a
station by noting when the intensity of the taste sensation was
greatest. It was also noted that a slight difference existed
between the taste sensation produced by a 240-cycle spark
transmitter and a 500-cycle spark transmitter. The difference
was not sufficient to permit of one being received thru the other,
as could be done with audio-reception. It would be impossible
to read thru interference with the taste receiver unless one signal
was quite strong and the other almost unnoticeable. Strong
strays would probably cause signals to become unreadable.

A4,

IV. Cb&CLUSIONs
1 ELECTRICAL ASPECTS
From the point of view of electrical operation, taste reception -
is possible. It is possible to amplify sufficiently a signal having
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an audibility of 500 in the detector circuit, to cause it to produce
taste sensations. It is possible to read signals by the sense of
taste if they are sent at a slow speed (about 5 to 10 words per
minute).

2 MECHANICAL ASPECTS

At best, the mechanism of taste reception is unpleasant for
the operator. A pair of head telephones which may be adjusted
snugly to the ears are greatly superior in point of physical com-
fort to a pair of electrodes which must be held in the mouth,
pressed against the tip of the tongue. There is also the disad-
vantage of the slow speed of transmission necessary for taste
reception.

3 PHYSIOLOGICAL ASPECTS

The nerves of taste become fatigued by continued stimula-
tions, and this will necessitate an increasingly higher amplifica-
tion of energy if the operator is to be on duty for any consider-
able length of time. The effect on the operator’s eyes of con-
tracting the iris when very strong signals are received would be
very disadvantageous, especially in airplanes. The taste sensa-
tion is a sour stinging taste which is far from pleasant. With
high amplification and strong signals or strays, the taste sensa-
tions might be so strong as to be distinctly objectionable.

4 PSYCHOLOGICAL ASPECTS

Since the time when the progenitors of the human race began
to communicate with each other by different sorts of sounds, the
natural mode of communication between individuals has been
by means of sounds. - Thus the ear has become the organ which
is developed from babyhood for the especial purpose of ;eceiving
intelligence. It is only natural, therefore, that this sense should
be easily adaptable to the receiving of telegraphic signals. Its
highly developed power of selectivity enables it to read only one
of a number of signals or noises which may be heard at the same
time.

The other sense by means of which intelligence is communi-
cated, that is, sight, is valuable particularly because of its de-
velopment in reading. In this way it often may be used to
partially take the place of the sense of hearing, as in the case of
lip reading employed by deaf persons. For the purpose of
mechanical signaling it is useful in its ability to read from a tape
record, and possibly also from the flashing of a light.

The sense of taste is naturally unfitted, because of lack of
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previous training ‘along such lines, for the task of associating
impulses sent to it with the necessary accurate motor responses
required for the copying of transmitted intelligence. In making
the tests which have been described, it was noted that great
concentration of thought, upon the sense in question, was required
in order that the nature of the received impulses might be noted.
This indicates that the association is a difficult and unnatural
one. Furthermore, it should be noted that if great concentra-
tion is necessary in order to receive by this method, it certainly
would be impracticable in an airplane where the noise would
effectively prevent concentration.

With the amplifications and signal intensities used in the
tests on taste reception, it would be possible to read signals by
audio-reception in spite of any strength of interfering noise which
the ear of man could endure.

In conclusion we wish to thank Mr. Carl Dreher of this
Laboratory for his assistance in making the signal speed tests.

Research Department,
Radio Corporation of America,
December 31, 1919.

SUMMARY: The purpose of this research was to determine the feasi-
bility of reception of radio telegraphic signals by the sense of taste.

Electrodes were made which could be placed against the tongue in such
a way as to cause a taste sensation when a source of potential was connected
to them. Tests were made, using low potential direct current and 60-cycle
alternating current to ascertain the amount of energy and potential necessary
for taste reception.

Tests were then made, using signals from a buzzer source. By employ-
ing a two-stage transformer-coupled audio-frequency amplifier it was possible
to obtain taste sensations from a signal having an audibility of 500 in the
detector circuit. The possible speed of transmission appeared to be limited
to a maximum of about 10 words per minute because of the characteristics
of the taste organs.

Finally, the reception of actual signals from an antenna was tried. It
was found possible by using four stages of amplification to obtain taste sensa-
tions from all signals the audibility of which was greater than 500 in the
detector circuit.

The results obtained thus indicate that from an electrical standpoint it
is possible to receive radio telegraphic signals by the sense of taste. When
compared to the sense of hearing or even of sight, however, the sense of taste
is much inferior as a means for receiving intelligence.
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DISCUSSION

Greenleaf W. Pickard: Messrs. Goldsmith and Dickey have
undoubtedly broken new ground in their work on physiological
reception of radio signals, and altho the results thus far obtained
do not indicate that their method will generally replace aural
reception or the more recent Hoxie recorder, it is certainly within
the bounds of possibility that some such form of reception may
develop into a practical thing for special cases of reception.
The suggestion of physiological reception is one of some antiquity.
In 1894 Lodge said! “It is just conceivable that at some distant
date, say by dint of inserting gold wires or powder in the retina,
we may be enabled to see waves which at present we are blind to.”
Some eight years later, A. F. Collins stuck platinum needles
into the brain of an etherized cat, which then twitched syn-
chronously with the excitation of a near-by Hertzian oscillator.?

In discussing the pioneer work of this character, one is tempted
to go beyond the confines of the paper itself, and to consider
the possibilities of physiological signal reception by the various
senses. At the outset, one is impressed by the fact that the
peripheral sense organs of sight, hearing, taste, and smell are
very similar in size and appearance.

In Figure 1, I have shown the peripheral sense organs of sight,
hearing, taste and smell. In each case the sense organ consists
of a cell-body a, with a nucleus b, a peripheral process ¢, which
in the sense organs of hearing, taste and smell terminates in one
or more hair-like filaments, and a central process d thru which
the sense organ is connected to the nervous system. The
stimulus is in each case received by the peripheral process c,
and then, by some as yet unknown mechanism, it is transformed
into an equally unknown pulse which travels rather leisurely—
about 30 meters (100 ft.) per second—thru the nervous system.
The transmission of a nervous impulse appears to be a chemical
process; a.sort of sudden evanescent increase in the normal
metabolism of the nerve.

Whatever the mechanism of the action, the amount of energy
required for a perceptible sensation is impressively small. In
Figure 2, I have given a table for the four senses under considera-
tion, and in the second column of this table is the ‘“‘threshold”
value of the stimulus energy required to excite the sense.

Sight appears to be our best sense, so far as energy relations
g0, and it is interesting to note that it is exactly on a par with the

! “London Electrician,” June 22, 1894, page 204.

? “Electrical World and Engineer,” February 22, 1902, pages 335-338.
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Minimum to| Perception | Words per
Sense Excite Sense| Interval Minute
Sight3............ 10~ %erg/sec.] 0.1 sec. 9to 13
Hearing.......... 1078 « 0.007 “ 30 to 40
Taste.............| 1072 « 1? 2?
Smell............. 102 « 1? 1?
FiGURE 2

oscillating audion as a detector, which also requires 10 ~° erg/'sec.
for unity audibility. Taste and smell, similarly, are of the same
order of sensitiveness as the crystal detector, altho our measure-
ments of their sensitiveness are far less accurate than with sight
or hearing. If, therefore, we could effectively use our received
signal energy to stimulate our senses, they would be surprisingly
good detectors per se. It is within the bounds of imagination at
least that investigation will solve the problem of effectively
applying the energy, preferably without a major surgical opera-
tion, or even Lodge’s suggested retinal stitching’ and powdering.
The sense organ of the ear is unfortunately rather deeply buried,
otherwise one might speculate on the possibility of direct physio-
logical reception in radio-telephony.

During the discussion, Mr. George Clark has pointed out
that the actual speed of reception by light signaling is often
greater than that given in my table. But the higher speeds of
visual reception are only obtained by moving the image point
about on the retina, thus spreading out the dots and dashes into
a string of after-images, which may be interpreted at leisure—the
word “leisure’’ here being used in a strictly relative sense, mean-
ing merely the few tenths of a second that the after images last.
Where the image of the signal light falls steadily on one spot
on the retina, I do not believe that a greater speed than about
ten words per minute can be obtained. Similarly, my table
gives the approximate speed in words per minute for pure taste
reception, as determined on my tongue with alternating sweet
and bitter tastes. In the work described in this paper, I believe
that the sensation utilized must have been in reality a complex
of taste and electrical shock. The few tests which I have so far
made with signal reception by pure shock indicate that the speed
is quite high, perhaps of the order of ten words per minute or

3 ” «
Rewew?m; ’ml 98210@;2259 lay the Use of Light,” W. E. Forsythe, “Physical
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more. It has been mentioned in the discussion of the paper
that some form of physiological reception involving the tongue
was used by telegraph operators during our Civil War, and at
speeds approximating those of ordinary wire working. I have
no doubt but that this was principally a matter of electrical shock,
as the potentials involved were certainly high enough, when
directly applied to wet and sensitive tissues.

In conclusion, it occurs to me that a form of local energy
(not the heterodyne) might be applied to physiological reception.
Some years ago Professor Fessenden suggested the use of a
Poulsen telegraphone as a detector, in which the steel wire
carried a continuous audio-frequency record, which was obliter-
ated by the received signals, so that by sending inverted morse,
that is, the spaces instead of the characters, a reversed and
readable record was obtained. It is possible that something of
this sort might be applied here. It seems that high frequency
currents act rather to dull and inhibit the action of nerve and
muscle than to stimulate, so that by superposing the signal upon
some form of continuous local stimulus (not necessarily electrical),
it might be possible to increase the speed and sensitiveness of the
method. :
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A SYSTEM FOR MEASURING THE AMOUNT OF
STATIC*

By
AusTEN M. CuRrTIis

(WESTERN ELEcTRIC CoMPANY, NEW YORK)

It is necessary in studying systems for the elimination of
static to have some means for measuring the relation of static
to signals. The method of estimating the efficiency of various
receiving systems by the percentage of errors in reception caused
by static is not particularly accurate, as different operators do
not have the same ability to read thru static. Large momentary
variations in the intensity of static make its measurement by the
shunted telephone method of doubtful value. The following
method of time integration was devised in an effort to measure
the average amount of static. '

The circuit used is shown in the accompanying sketch. An
audiofrequency transformer is connected in series with or in place
of the telephones of any type of receiving set. The statie, which
has been converted into audible frequency waves by the de-
tector, is passed into a vacuum tube valve or combination of
valves at an increased voltage, and completely rectified. The
_ resultant direct current pulses are used to charge a very large

condenser, which is discharged slowly thru a galvanometer in
series with a high resistance. If the condenser and the resistance
are large enough, the static will cause a reasonably steady deflec-
tion of the galvanometer. This deflection will depend on the
average intensity and frequency of occurrence of the static during
a time which is short compared to the time constant of the
galvanometer circuit. For instance, if 100 microfarads and one
megohm are used, the deflection produced by a single crash of
static will drop to about one-third its initial value in one hundred
seconds. Where the usual static, which occurs in crashes every
few seconds, is concerned, smaller capacities and resistances will
give satisfactory measurements.

With a pivot galvanometer giving one division for two micro-

* Received by the Editor, May 19, 1920.
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amperes, a capacity of 40 microfarads and 500,000 ohms resist-
ance, it is possible to make satisfactory readings of the static
on a receiving system with several stages of amplification. With
a galvanometer of higher sensitivity, the time constant may be
made larger and steadier readings obtained. A practical limit
is put on the attainable time constant by the leakance of com-
mercial paper condensers, which is of the order of 2,000 megohms
per microfarad.

VALVE

==z 35‘0 T
T

FiGure 1—System for Measuring the Quantity of Static

It seems probable that the use of this system of static measure-
ment would enable a reliable determination of the direction from
which static comes to be made on a single loop receiving system.
It would, of course, be necessary to listen in every minute or two,
to see that the readings were not influenced by signals of an in-
tensity comparable to the static.

It is also possible to standardize static measuring systems of
this type and establish a basis for comparison of the amounts
of static received at different stations at the same time. It
would be necessary to apply to the detector of each station, at
various frequencies, a wave modulated in a known amount at
a known voltage. The amplification at each station might then
be adjusted until the same deflection was produced in the static
measuring system of each station by a given voltage applied to
the detector, or the ratios of the detector voltages necessary to
produce the same deflections at the same wave lengths in the
various stations might be used to reduce the static readings to
a common basis. The calibration might be made by an ordinary
oscillating circuit excited by a carefully adjusted buzzer, prefer-
ably of a low vibration frequency.
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SUMMARY: Amplified and rectified energy from static is stored in a large
condenser in the output circuit of a vacuum tube. The condenser discharge
current thru a high resistance and sensitive galvanometer wi’l, under given
conditions, be a measure of the average static. The experimental arrange-
ments are described, as to calibration and actual use.
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ON THE POULSEN ARC IN COUPLED CIRCUITS*

By
P. O. PEDERSEN

(ProFES8OR IN THE RoYAL TECHNICAL CoLLEGE, COPENHAGEN)
1. INTRODUCTION

The Poulsen arc generator in connection with coupled cir-
cuits has been used by V. Poulsen! at a comparatively early date.
Rather close coupling was often used by him in his radio tele-
graphic tests,? whereas he usually employed comparatively loose
coupling in the series of tests by which long distance radio
telephony? was, for the first time, shown to be feasible.

Arc oscillations in coupled circuits have been the subject
of a number of laboratory investigations as well as of theoretical
studies. In this connection may be mentioned the investiga-
tions on musical (audio frequency) arcs by E. Taylor Jones,*
E. Taylor Jones and M. Owen, E. Taylor Jones and D. E.
Roberts,® and S. Subkis;? and on ‘radio frequency arcs by
P. O. Pedersen® and Hidetsugu Yagi.?

The author himself carried out a series of investigations on
the Poulsen arc in coupled circuits in the autumn of 1918. He
employed for these investigations, among other arrangements,
the one shown in Figure 1 where L, is considerably larger than

*Received by the Editor, April 10, 1920.

1 See U. S. Patents, numbers 789, 449 and 793, 608; filed June, 1903.

*V. Poulsen: “Ein Verfahren zur Erzeugung un, ampfter Schwing-
ungen und seine Anwendung in der drahtlosen Telegraphie,” “Elektrotech.
Zertschrift,” gea 1040-1044, 1906 (Figure 8).

3V. Poulsen: “La télépl'nome sans fil.”  “Rapport officiel au Congrés
international des apphcat.lons électriques,” Turin, 1911,

¢E. Taylor Jones: “Electrical Oscillations in Coupled Circuits,” “Phil.
Mag.,” (6), volume 17, pages 28-43, 1909.

SE. avlor Jones and M. Owen: “Musical Arc Oscillations in Coupled
Circuits,” “Phil. Mag.,” (6), volume 18, pages 713-722, 1909.

¢E. Taylor Jones and D. Roberts: “Phil. Mag, (6), volume 20,

ges 660-663, 1910.

7 S. Subkis: “Der Einfluss der Koppelung bei langsamen ungedimpften
Schwingungen,” ‘Jahrbuch d. drahtlosen Telegraphie,” volume 5, pages
507-513, 545-563, 1912.

$P. O. Pedersen: “Beitriige zur Theorie der drahtlosen Telephonie,”
“Jahrbuch d. Drahtlosen Telegraﬁhle. "’ volume 5, J)ages 449-498, 1912.

% Hidetsugu Yagi: “Arc Oscillations in Coupled Circuits,” PROCEEDINGS
oF THE INSTITUTE OF RADIO ENGINEERS, volume 4, pages 371-388, 1916.
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L', and he obtained a current I, in the secondary circuit 2 to 3
timeés larger than the current I, in the primary circuit (arc-
circuit), whereas I, at the same time kept its normal value

\/% I, where I, is the supply. current.’ (During these tests

the wave-length was 1=7,700 m., the resistance R;=3 to 4
ohms, and the capacity C;=32,000 cm. or 0.036 microfarad.)
These tests were discontinued in order that some investigations
on the arc generator proper might be carried out, and it is hoped
to get the opportunity later on of publishing, in another paper,
the results thereof. Before discontinuing the above-mentioned

FiGure 1

tests, there had, however, been carried out a series of investi-
gations on a special arrangement of coupled circuits which is
shown in Figure 2 and which, as far as I am aware, has been
introduced by L. F. Fuller!! and by Hartenstein'? independently
of each other.

2. INVESTIGATION OF THE CIRcUIT SHOWN IN FIGURE 2

The distinctive feature of this diagram is that a condenser
C, is inserted next to the arc, in series therewith and with the
aerial, and further that the arc and C; are shunted by another
condenser C,. In the following treatment, C, is at times called
the “shunt condenser” and C, ‘“‘series condenser.” If C, be
disconnected, the diagram is reduced to the usual and simple

10P. 0. Pedersen, (a) “On the Poulsen Arc and Its Theory,” PROCEEDINGS
or THE INsTITUTE OF RaADio ENGINEERS, volume 5, pages 255-316, 1917.
(b) “‘Supplementary Note,” volume 7, pages 293-297, 1919.

1L, F. Fuller, U. 8. Patent, number 1,179,353, filed April, 1913.

12 H. Rein, ‘“Lehrbuch der drahtlosen Telegraphie,” second edition, pages
182-183, 1917.
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one merely containing an extra condenser C; inserted into the
antenna. The wave-length A s, in this case (in meters):

Jo=67-108A/LC - c‘+cg (1)

By connecting the shunt condenser to the circuit the wave-
length will assume a new value A being determined by the con-
dition that the radio frequency circuit between A and B must
be in resonance for that wave-length.

— e
Sl
il

Fi1GURe 2

We will use the following symbols: n . A= 3X10%; 2zn=w;
v/ —1=j; the antenna capacity =C; the impedance of the radio
frequency circuit between A and B=Z; the admittance of the
circuit a L C ¢=Y,; the admittance of the circuit a Cic=Ys.

We have consequently

_.C+Cl+Cz—a)2L'C‘ (Cl+Cz) (
2=l G (P LCCi=C—Cp 2)

The circuit is in resonance for Z=0, from which it follows
that

[ERYA
LC (Gt C) )
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The length of the radiated wave in meters is, therefore, de-
termined by

Ci+C,
i=6x10* VLC: \/C+01+Cz (@)

which, in combination with (1), gives

2 C.0,
Ao \/1+ C:(C+Ci+Cy) Q)

It is evident that 21 is always larger than A, which, it seems,
has not always been taken fully into consideration.

In the above calculations no regard is paid to the resistances
in the radio frequency circuits, because these resistances are of
very small importance in the determination of the wave-length;
furthermore, the calculations would be very much complicated
if the resistances were taken into account.

We have carried out a series of measurements of sets of
4 and 4 in order to make sure that the above considerations

hold good. The results of these measurements are shown in
Table 1 below.

TABLE 1
2 - )-c
i 100 7
C C C2 Ao meas- | calcu-
cm. cm. cm. m. ured lated T::’;' (i:{':é'
m. m.

7,300 1,250 | 14,600 3,440 3,490 | 3,487 1.45 1.35

7,300 | 14,600 | 14,600 3,810 4,200 | 4,225 | 10.3 10.9

6,400 7,400 | 12,500 3,800 4,060 | 4,056 6.85 7.0
13,800 [ 13,050 | 39,600 6,860 7,080 | 7,090 3.2 3.3
13,800 600 | 14,600 5,400 5,500 | 5,455 1.8 1.0
13,800 1,200 | 14,600 5,400 5,500 | 5,503 3.0 1.9
13, 800 2,000 | 14,600 5,400 5,620 | 5,567 4.1 3.1
l3,800 2,400 | 14,600 5,400 5,660 | 5,594 4.8 3.6
13,800 4,400 | 14,700 5.400 5,800 | 5,735 7.4 6.2
13,800 5,600 | 11,600 5,400 5,900 | 5,805 9.3 7.5
13,800 7,600 [ 1400 5,400 5980 | 5,913 | 10.8 9.5
13,800 | 10,350 | 14,600 5,400 6,100 | 6,048 | 13.0 12.0
13,800 | 13,250 | 14,600 | 5400 | 6,120 | 6,160 | 13.3 | 14.1

Taking into account that the values given above for the
capacities of the condensers may be wrong by about 0.5 per cent.,
the measured values of 2 may be considered to agree quite sat-
isfactorily with the values as calculated from equation (5).
There can, consequently, be no doubt that the above calculations
are correct, and that it therefore is possible to calculate in the
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usual way how the radio frequency arc current (wave-length 2)
divides itself between the two circuits (a) I in aLCc and (b)
Iy in aCyc. If, as before, the resistances are not taken into
account we obtain by means of (3)

_ JuC __.1 C+Ci+C(
Yo= 1—w:LC ]wL C (6)
and
cinCieq L CHOHC G
N=jeCi=i G " ¢ ¢+G (7)
Furthermore,
i LCHCHC Gy
Yot o=—j T ¢ ot (8)
From the above, we derive
Ia_ Ya o C} :
I-Yt¥ - e, ©)
Li__ Y _G
I Yot Yy C (10)
and L _Y»_ C
I.- Yo Ci+C (1)

We note that I and I, are in phase, whereas I is of opposite
phase to I and I,.

It may not appear to be correct to disregard the resistances
when the calculation deals with the distribution of the currents
between the two circuits. The resulting error is, however,
small; which may be shown as follows:

In the above calculations the impedance Z, of the circuit
aLCc¢ has been taken as

. C
Za JwLC-{-C.-{-Cg
whereas the real value is

Z/=R+jwL- 5o

If, in these equations, we take =400,00, L=10"2 henry,
and C 1 we have
C+C+C; 4’
Za=3-100 and Z,’=R+j-100
Assuming R=35 ohms (which is a comparatively high value)
we obtain the ratio of the absolute values of the impedances
Z'" _100.1
Z. = 100 =1.001
The difference between the true value of Z and the value
used in the calculations is therefore only 0.1 per cent.
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1f, therefore, the total radio frequency current is of the wave-
length 2, that is, if no harmonics or other oscillations of a wave-
length differing from 2 are present, it must be expected that
the current will distribute itself according to equation (11).
In Figure 3 are plotted the results of a series of measure-
ments of the simultaneous values of the currents. Curve A
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FiGURE 3

shows the ratio I—I“ between the antenna current and the are

radio frequency current; curve B shows the ratio ? between
a
the shunt current and the antenna current, and curve C shows
the ratio }I between the arc radio frequency current and the are
o

direct current. The curves are plotted as functions of the capacity
of the shunt condenser. (The other constants were: 4, =5,400m.;
C=13,800 cm.; C;=14,600 cm.; and R=about 3 ohms.) The
corresponding theoretical curves, as based upon the equa-
tions (9) to (11), are indicated by the curves A’, B’, and C’..

It will be seen that the measured curves differ to a con-
siderable extent from the theoretical curves, the antenna cur-
rents being much less and the shunt currents comparatively
much greater than what they should be. The reason for this is,
that in addition to the fundamental oscillation of wave-length 2,
a series of oscillations with shorter wave-lengths are created,
these latter being partly the higher harmonies of the fundamental
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oscillation and partly the fundamental of the circuit
arc—AaC,c—C; B—arc. We have hitherto not taken the induc-
tance of this circuit into our calculation; this omission is permis-
sible only to a certain extent. The circuit will always contain
some inductance and will, consequently, always have a definite
fundamental oscillation. The wave-length of this oscillation was
about 420 m. in the tests from which the curves in Figure 3 are
plotted.

The proof of the presence of these superfluous and, conse-
quently detrimental oscillations of wave-lengths smaller than i
is:

(1Y That the ratio IL between the arc radio frequency current

o

and the arc direct current is larger than \/%=0.7, this being

the value of the ratio when only one oscillation is present.!?

Figure 3 shows values of II— up to 0.9 and more; the arc radio
[

frequency current I is therefore far from being a sine curve.

(2) The existence of oscillations of shorter wave-lengths
than i is evident also from the following observation:

During certain tests, a safety arrangement was inserted
across the leads connecting the choke coils with the switchboard,
the safety arrangement consisting of two sets of carbon filament
lamps, each set in series with a condenser, the two condensers
being connected to each other and to earth. When the capacity
of C, was diminished, the lamps ceased glowing, or at any rate
glowed very dimly, whereas the brilliancy increased with in-
creasing C,.

(3) A further proof is that L is very much larger than what

would be expected from formula (11); and this fact indicates
especially that the fundamental oscillation of the shunt circuit,
as mentioned above, is of great importance in this connection.

(4) That the statement in the latter part of (3) is correct
is finally proven by the oscillographic analysis of the voltage
of the arc as set forth below.

Oscillograms of the arc tension ¢; have been taken by means
of the method previously employed by the author.!* The
oscillograms thus obtained showed the features indicated in
Figure 4. Besides the normal peaks A (the extinction voltage)

3P 0. Pedersen, previous citation, (a).
14 P Q. Pedersen, previous citation, (a), page 285.
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and B (the ignition voltage), a third peak C appeared, which
latter, no doubt, is due to the arc current again decreasing
to zero shortly after the ignition has taken place, or in any case
decreasing to a very small value. That this is so is without
doubt due to the free oscillations in the shunt circuit of the short
wave-length A, these oscillations being set up at the moment
the discharge thru the arc commences anew. The correspond-

FiGure 4

ing current 7', is also plotted in Figure 4. The arc current is
composed of the direct current (supply current) I,+ the radio
frequency current of wave-length A and of the corresponding
higher harmonics (the sum of these latter is shown as the dotted
line ab in Figure 4) +the current " of wave-length 2. The arc
current 7; resulting from all these currents is shown in Figure 4
and fully explains the reason for the appearance of the extra
peak C.

The above described course of the arc tension is the simplest
one of those observed. Several peaks may appear as shown
by D in Figure 4, I1I; also C may divide itself in two by analogy
to A and B. This latter condition takes place if the current
at « (Figure 4, I) remains zero for some time, because in this
case another separate extinction voltage and ignition voltage
are created.

Figure 5 shows one of the arc voltage oscillograms obtained.

We have now in the main explained the action of the diagram
(Figure 2). This diagram may evidently be considered as a
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transformer arrangement, because the two circuits
(1) arc—Aa C,C:—arc and (2) arc— Aa L Cc Cs—arc are coupled
together by means of the arc and the series condenser C,.

FIGURE 5

3. CoMPARISON OF FIGURE 2 wiTH THE SIMPLE DiaGgraM (WITH-
ouT THE SHUNT CONDENSER C))

It is evident from Figure 3 that the ratio IIE between the

antenna current and the arc radio frequency current may become
somewhat larger than 1 by applying the arrangement shown
in Figure 2. Some other effects, however, are introduced in
connection therewith, which, at any rate, partly counteract the
advantage in question. We will consider especially that:

1. The necessary direct current voltage across the arc

increases very considerably.
2. The wave-length increases.
Tables 2, 3, and 4 below show this clearly.

TABLE 2

(Diagram and indications refer to Figure 2.) C,=13,800
em. (0.0153 uf.), C.=14,600 cm. (0.0162 pf.), wave-length for
C,=0 is equal to 5400 m.; R=about 3 ohms; Po=1,V, is
the energy supplied to the arc; C, is variable; and (C,=0)
attached to any of the symbols means that the value of the
latter is measured when C,=0, that is, when the simple circuit
connection, without the shunt condenser, is used.
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The results of these measurements are partly represented
by Figure 6. Curve A shows the figures of column 10 of Table 2;
that is, the ratio L between the apparent efficiency with shunt

70
condenser and without the same. The curve shows that this
ratio is a maximum for a value of C, between 12,000 and 14,000
cm. (0.0133 and 0.0156 wf.), further that the maximum 7 is
about 1.37 7.. It must, however, be noted that the wave-
length increases simultaneously, as previously mentioned, and
as shown by curve D in Figure 6. The increase of the wave-

» /B’
— 1~
-1 >
1l ] - :\‘\
. D AN
L4 N ‘\‘
N\
of— N
_ W,
Y
O \§
N\
\
0 2 & 6 8 O 12 K N 18 20 22 26 26 28-/0°ch.
Fi1GURE 6

length in itself produces a higher efficiency ; this increase amounts
to about 1.127, according to tests. The antenna current is, as
previously mentioned, not quite a sine curve when the con-
denser C; is inserted, and this is especially the case for values
of C, as large as 12,000 to 14,000 cm. (0.0133 to 0.0156 nf.)
The antenna current in the ordinary are circuit, for which C, =
is practically a sine curve when everything is properly adjusted.
It is impossible to indicate definitely what fraction of the antenna
current is due to “harmonics” of various kind. Three per cent.
is very likely much too small a figure when C,=12,000 cm.
(0.0133 pf.). Curve B, Figure 5, is based upon the above cor-
rections. It will be seen from this curve that the effective
increased value of the efficiency 7 cannot be reckoned to be
more than about 1.2 7.

It might be that a more advantageous result could be obtained
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by choosinganotherratio between the inductance and the capacity.
In order to ascertain whether this be so or not, a series of tests
were carried out (Table 3) in which the capacity of the con-
denser was kept constant, whereas the inductance was varied
in such a way that the corresponding wave-lengths covered the
range from 6,430 m. to 3,120 m. In no case were better results
obtained than those shown in Table 2.

TABLE 3
(Data refer to Figure 2).

C,=13,800 cm. (0.0153 mf.), C:=14,600 cm. (0.0162 puf.),
R=about 3 ohms; P,=I,V,=energy supplied to the arc. The
inductance L is .variable; L has the same value in each two
related tests. .

Tests were also carried out by varying the series condenser
C,, and a few of these tests are tabulated in Table 4. But none
of these tests gave better results than the ones in Table 2.

TABLE 4

(Data refer to Figure 2)
C,=13,800 cm. (0.0153 uf); R=1.6 ohms; Po=I,V.. The in-
ductance in the first two tests was about 30 per cent. larger
than in the two last tests.

We have thus, by applying the shunt circuit, been unable
to increase 7, to more than about 1.25 7. This increase in effi-
ciency was, however, in all our tests accompanied by a con-
siderable unsteadiness of the arc. It proved very difficult to
keep the arc burning as steadily as desirable when C, has the large
capacity necessary for increasing the efficiency by the above-
mentioned value. Futrthermore, a good many frequencies are
created—as set forth above—which are of no use at all, and
might cause interference. We are, therefore, of the opinion
that the advantages obtained by applying the shunt circuit are,
as a whole, not of any great value. This, of course, does not
exclude the possibility that the shunt circuit may be of advantage
under certain other conditions of a special nature.

I wish to acknowledge my indebtedness to Messrs. J. P.
Christensen, H. Erichsen, and A. Teglbjerg for the valuable
assistance rendered during the above investigations.

Royal Technical College,
Copenhagen, February. 1920.
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SUMMARY: A bibliography of oscnllatmg arc investigations with coupled
circuits is given. A special form of circuit, wherein the arc and the antenna
circuit are coupled electrostatically thru an arc ‘‘series condenser,” and a
“shunt condenser,” is studied analytically. Experimental results on the
same circuit are given, and the practical usefulness of the circuit d’scussed.

DISCUSSION

Leonard F. Fuller (by letter): A preferred form of circuit
in which C, of Professor Pedersen’s Figure 2 is omitted ard C,,
shunted directly across the arc terminals, is the only local con-
denser used, is shown in United States Patent 14,760, of Novem-
ber 25, 1919. This is a re-issue of my original patent number
1,179,353, and was used at Arlington and Tuckerton for some
time. It increases antenna current about as cffectively as the
connection shown in Figure 2, and saves considerable equipment,
in a large station. Both circuits are only a means of imgroving
an arc which is not operating under the best conditions and will
cause no appreciable increase in the antenna current delivered by
a well-designed arc operating with ‘‘tuned fields” in the proper
atmosphere. For these reasons they have fallen into disuse in
recent years.

It seems likely that the arc Professor Pedersen used in his
" experiments was operating with the air gap flux density, By,
below the tuned value, for he states that ‘‘the increase of the
wave length itself produces a higher efficiency.” Such a change
in efficiency is the natural consequence of operating an arc
‘“underfield.”

It would have been very helpful if the observations had heen
made with tuned fields, as arc performance data rarely permit
of quantitative comparison if they are taken with untuned felds.
A great amount of experimental work has had its value very
seriously reduced by failure to appreciate this fact.

I heartily agree with the conclusion that circuits such as these
are hardly worth while, but this is because of our present knowl-
edge of tuned fields and the other factors effecting arc perform-
ance which enable us to accomplish the same desirable results
in better ways and without fostering the harmonics mentloned
by Professor Federsen.
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THE EQUIVALENT CIRCUJT‘ OF THE VACUUM TUBE
MODULATOR*

By
Joun R. Carson, Pu.D.

(REsSEARCH ENGINEER, AMERICAN TELEPHONE AND TELEGRAPH COMPANY,
NEw York)

It is a well-known fact! that if an emf. E is impressed on the
input terminals of the three-element vacuum tube amplifier of
amplification constant # and external or load impedance z, its
behavior as an amplifier may be correctly described by postu-
lating an emf. #E impressed on the load impedance z thru a
resistance R,, where R, is the “internal resistance’’ of the tube
and is given by the formula

1 91
—_—— e 1
R, aEb ()

Here I is the plate current, and E, the steady plate-filament
potential difference.

This law has led to the concept of the equivalent circuit
-of the vacuum tube amplifier, indicated schematically in Figure 1,
which has proved a very valuable aid for interpreting the behavior
of the device and in designing the associated circuits. The
value of such a physical picture of the phenomena does not need

‘R.

Equivalent
Applied em.f uE Load Impedance z

FiGure 1—EQuivALENT AMPLIFIER CIRCUIT

*Received by the Editor, APril 30, 1920.

1 The recognition of this valuable principle appears to be due to van der
Bijl; see his papers: ‘‘Physical Review,” September, 1918, and the Pro-
CEEDINGS OF THE INSTITUTE oF RaApio ENGINEERS, April, 1919, Strictly
speaking, van der Bijl's statement of the law is limited to the case where the
load impedance is a pure resistance; its extension to the case where the load
impedance is unrestricted is however a very simple matter; see my paper in
the PrRoCEEDINGS OF THE INSTITUTE OF RADIO ENGINEFRS, April, 1919.
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to be pointed out to the engineer actually engaged in the devel-
opment of the device and its simplicity as a working guide in
interpreting and predicting results far outweighs the fact that
it is necessarily incomplete and approximate only. On the other
hand, in using such a physical conception, he will be wise to
recognize clearly its limitations and guard against employing
it under circumstances where it ceases to be a reliable guide.

The purpose of the present note is to point out the fact that
the device when functioning as a modulator? may be represented
by an “equivalent circuit”’ of almost equal simplicity, and the
resulting physical conception may be used with considerable
advantage and profit in interpreting the behavior of the device
and in correctly designing the associated circuits for optimum
performance. The equivalent modulator circuit may be in-
ferred at once from the following theorem:

If a voltage E is impressed on the input terminals of a three-
element vacuum tube feeding into a load impedance 2, the
operation of the device as a modulator may be correctly de-
scribed by postulating an emf.

LR, -\?
u(z55) @)
impressed on the load impedance z thru a resistance B,. M is

the modulation factor, a physical parameter of the tube, and is
given by the equation.

() ()

The equivalent circuit is shown schematically in Figure 2.

The law formulated by this theorem and the character of
the approximations involved are easily deduced from the treat-
ment of the problem developed in my PROCEEDINGS OF THE
InsTITUTE OF RADIO ENGINEERS’ paper (April, 1919); the proof
will be supplied in an appendix to the present note.

It should be remarked that the foregoing law and the equiva-
lent modulator circuit to which it points are, of course, approxi-
mate only. It is important, however, to observe that the
approximations underlying the concept of the equivalent modu-
lator circuit are of precisely the same character and substan-
tially the same order of magnitude as those involved in the
equivalent amplifier circuit, which has proved so useful in the

.*The following discussion applies equally well to the operation of the
device as a detector in the arrangement where it functions by virtue of the
curvature of the characteristic.
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engineering development of the amplifier. This will be evident
from the proof given in the appendix.

A simple problem will now be dealt with to illustrate the
application of the concept of the equivalent modulator circuit
in deducing certain principles which have a direct and impor-
tant bearing on the design of the associated circuits.

.

Equivatent .
Applied emf: M (’RF:?" E) Load Impedance z

F1Gure 2—EQUivALENT MobuLaTOR CIRCUIT

Let the impressed emf. E be the sum of two sinusoidal
functions; thus
E=E, sinp,t+Es sin pst (4)
To fix our ideas, the first component of E may be regarded as
the carrier wave and the second the signal wave. In substi-
tuting this expression for E in (2), to evaluate the fictitious emf.
acting in the equivalent modulator circuit it is essential that E
be written down as a complete real time function, since the
operation of squaring is in effect a frequency transformation.
From (4) we have:

wRo o, N
Ro+zE_FR°(Z—(p1) sin(pit 0,)+Z(p2)sm(pgt 07)> (5)

where Z (p;) and Z (p,) are the absolute values of the impedance
Ro+2 to currents of frequencies p;/2 7 and p;/2 7 respectively,
and 0; and 0; are the corresponding phase angles. By aid of
(5), formula (2) becomes after simplification and rearrangement

%{Vl’[l—cos (2pt—26,)]4 Va2 [1—cos (2 pet—265)]
+V1Va[eos [(— po) t— (01— 02) | +cos [ (p +p2) t —
(01—09)]} . (6)

_MR.E,

Vi= Z(py)

= 13 ROE2

Z(pe2)
This is the effective emf. acting in the equivalent modulator
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circuit and the current corresponding is calculated by usual
methods. The modulated output current is evidently that
corresponding to the term in ¥V, V: of (6); it consists of the follow-
ing two components

M , EiEs 1 (m—p)
M R, . — of f
o (BB Gy Zip) Zip—pe OF TreaUeney “oo @

and

M E.E, 1 (m+p)
—(+R,)? . of frequenc —=4 8
2 (- Ro) Z(p) -Z(p2) Z(prtp2) q y 2z (8)

Now suppose that by a proper design the load impedance
acts like a pure resistance R at the frequencies corresponding
P1, P2, (1 —p2), and (p1+p2). Then the modulated currents are
proportional to

R,?
(Ro+R)?
and the modulated energy W, delivered to the load impedance
is proportional to

This expression is a maximum when R =% and when this

condition is satisfied becomes

) ®
5R.

Now consider a second arrangement, where the load imped-
ance acts like a pure resistance R at the frequencies correspond-
ing to pi, (p1—p2), and (p:+p:), but acts like a short circuit to

currents of the signal frequency gl This condition is sub-

s

‘stantially realizable at least when the carrier frequency is suffi-
ciently large in comparison with the signal frequency. In this
case the modulated currents are proportional to

Ro

(Ro+R)?

and the modulated energy W: is proportional to

R R,?

(Ro+R)*
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This expression is & maximum when R= %, and when this
condition is satisfied becomes

G)‘ _ (10)

3R,

Comparison of (9) and (10) shows that for the same applied
emf.’s, the modulated energy outputs W, and W; are related by

Wi _ §> (é)‘ (?)‘ 0625
W, <5 3) (g) =063
or Wz= 1.575 Wl.

It follows at once that a proper design of associated circuits
to satisfy the conditions laid down in the second case results
in a gain of 57 per cent. in the available modulated energy as
compared with the first arrangement. Another immediate
deduction from formulas (7) and (8) is that, altho we are con-
cerned only in transmitting radio frequency modulated currents,
it is necessary to provide a low impedance path in the output

circuit for the low frequency signal currents ; otherwise

P2
27
a serious loss in the available modulated energy results.

The foregoing simple example has been worked thru toillus-
trate the application of the concept of the equivalent modulator
circuit and to exhibit the utility from an engineering standpoint
of a simple physical picture which, in its large outlines, is a
faithful likeness of the actual phenomena.

APPENDIX

The deduction of the equivalent amplifier and equivalent
modulator circuits follow from the general operational solution
of the vacuum tube circuit problem as given in my paper in the
April, 1919, ProcEEDINGS OF THE INSTITUTE oF Rabpio EngI-
NEERS. Inasmuch as it will be impossible to repeat here the
course of the argument it will be assumed that any reader who
is interested in the problem will consult that paper for the details
of the solution.

The method of solution is one of successive approximations.
The output cireuit current J and the potential difference v across
the load impedance are written down as the expansions

J=li+Ja st - - (1)
v=v+v+v3t- - -
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It is hen shown that the assumed expansions satisfy the con-
ditions of the problem if the successive terms are related and
defined by the scheme

Ji=P; (re+uv)
Jo=Piv+P; (he+u,)? )
Js=Pv3+2 Py (Fe+n) v.+Py (netn)?
Here e (following the notation of the previous paper) is the
emf. impressed on the input terminals, and P,, Ps, P, are differ-

ential parameters of the tube which appear in the power series
expansion.

J=P\(Ke+v)+Py(netv)+ - -

so that
_1(al
Pl—l!<6Eb>
_1(&1\__119R _M
P=5 (aw)‘ 2R3 Ey» R. ©)
Now from (1), (2), and (3)
RaJ1-01=F8
RoJ2—02=RoP'_» (;te+v,)’ (4)
=M (ke+v)?

Writing vy = —2zJ, and v,= —zJ,,—relations which follow at
once from physical considerations,—equations (4) become

(Ro+2) Ji=pe (5)
and
(Rot2) Js=M (Rﬁ’; #e)z ©)

Equation (5) is simply the equation for the current J; in a
circuit of impedance Ro+z in response to the impressed emf. e,
and therefore, identifying J, with the amplification current, it
leads at once to the law of the equivalent amplifier circuit.
Similarly (6) is simply the equation for the current J; in a circuit
of impedance R,+z in response to the impressed emf.

R, 2
AI(R,;-}-Z . #8)

As shown in the paper, the component current J; is that which
represents the modulated or detected output current; conse-
quently equation (6) is simply a statement of the law of the
equivalent modulator circuit.
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It will be evident from the foregoing that the concepts of
equivalent amplifier and modulator circuits are approximate,
and that from a mathematical standpoint they represent simply
first and second order approximations to infinite series. Expe-
rience, however, has shown that the convergence of the series
is so rapid in the usual range of values occurring in practice as
to make the deductions from these approximations useful
engineering guides. Furthermore the mathematical theory
enables us to recognize conditions where the approximations fail
to be reliable and to make the necessary corrections under these
circumstances.?

Department of Development and

Research, American Telephone

and Telegraph Company.
February 8, 1920.

SUMMARY: The author starts from the consideration of the equivalent
circuit to a three-electrode vacuum tube amplifier. After pointing out the
engineering usefulness of such an equivalent circuit, there is derived the
equivalent circuit to a three-electrode vacuum tube modulator. The resulting
theory is applied to a practical example in modulator design and its usefulness
demonstrated.

3Since the foregoing was written the writer’s attention has been called to
the fact that the law of the equivalent circuit of the vacuum tube amplifier
was first published by Dr. John M. Miller, in the June, 1918, issue of the
PrOCEEDINGS OF THE INsTITUTE OF RAD10 ENGINEERS. The writer regrets
that this had escaped his notice, and takes this opportunity of giving to Dr.
Miller due credit for the first published recognition of this valuable principle
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VACUUM TUBE AMPLIFIERS IN PARALLEL*

By
R. V. L. HARTLEY

(WESTERN ELECTRIC CoMPANY, NEW YORK)

It is occasionally desirable to operate a number of vacuum
tube amplifiers in parallel, that is, with all of their grids connected
together and all of their plates connected together.

Very often the tubes are not uniform in their amplification
constants and plate resistances. It is therefore of interest to
express the effective values of these quantities for the group in
terms of those for the individual tubes, and to compare the power
output of the group with that of the tubes operated individually.

If we assume a straight line characteristic it is well known
that for a single tube,

i=1 (nepter) (1)

where ¢, is an alternating emf. applied to the grid; e,, the alter-
nating plate voltage; ¢, the alternating plate current; u, the
amplification constant; and r, the internal alternating current
plate circuit resistance.! If the external impedance in the plate

circuit is Z, then
€p= —Z )

. (2)
and 1= i~z €

For n tubes in & common circuit, that is, the same ¢, e, and Z,
the current in the output circuit can be expressed as

- B :
1=z € 3
+zZ" (3)
The problem is to evaluate x and r in terms of py, pg, « « - pim
and ry, vy, * - - s, the constants of the individual tubes. For

any one tube
.1 -
i, == (nje,—Z3)
- 75
* Received by the Editor, September 1, 1920.

11t is assumed that the frequencies are such that no account need be
taken of the effect of internal capacities in the tube or of connecting leads.
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since ep= — 21,
Then

Whence =it

Comparing with (3)

(4)

L

ts
Sl

and

l =

!

(5)

| -

¥
U]

It is at once evident that r, the effective out’,put resistance of the

combination, is equal to the resistance of all of the tubes in

parallel.

To arrive at a physical picture of u, consider a single tube,
constants u,, 1, operating as a voltage amplifier with an external
resistance r, in its plate circuit. As is well known, the voltage
developed across r, is

r .
. _ T 6
Foli= 2t (6)
(4) may be written
W Ha W
;7,= 1 1+ _ 1+ « o o + ”l
nd= rd- Thd—
] T r
The first term may be written
L
e 1
v1
1 2T
n l 1
1 = r—
+n T n+ "1

27
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Comparing this with (6) we see that r, is replaced by which

1

Tj

is the resistance of all the tubes except the first in parallel.
We may, therefore, say that z is made up of the sum of n terms,
each of which, when multiplied by e;, represents the voltage
which one of the n tubes would develop across an external
resistance in its plate circuit equal to that of the remaining
(n-1) tubes connected in parallel.

Certain special cases are of interest.

n
\
2

Let
Then

o= - =H=p
>
1

+* F
Il

te |

7

=y

Ty
That is, if u is the same for all the tubes, the effective value for
the combination is the same as that of each tube. The effective
resistance is still that of the individual resistances in parallel.

Again let the resistances be alike and the amplification
constants different.

Putting r=re= -+ - =r,=r
1
n=_\Nu:
» n ]
- r
r= -
n

That is, the amplification constant of the group is the arithmetic
mean of those of the individual tubes and the group resistance
is that of a single tube divided by the number of tubes.

These equivalent constants furnish a basis for comparing
the maximum power output per unit voltage input of the tubes
as a group with the sum of their individual maximum outputs.
This is equivalent to comparing the power output of the group
of dissimilar tubes with that of a group of similar tubes each of
which has a power output equal to the average of the indi-
vidual outputs of the dissimilar tubes.

For this we shall take ¢, as unity and assume that in each
case Z is equal to the plate resistance of the tube or group of
tubes in question. This is the condition for maximum power
in Z. For a single tube this power is given by

e
P] 4 T (7)
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and for the group
=2
=
A measure of the relative efficiency of a group of n tubes is then
given by the ratio

P
P=—— : 9
Y (9)
From (4), (5), and (8) ( v ,_11->’
P=— (10)
axl
s
Then ‘.ﬁ)’
r r.

(11)

EE)

The conditions for making p a maximum are given by the 2n
equations of the types

ap
=0 12
o0 B ( )

— =0 (13)

The equation ap

reduces to N

From symmetry, it follows that the other equations of the type
of (12) lead to the relation

M=p= - =p,
The equation ap

T o
an

reduces to

(53 (35)oe-2(33) (5 (22) (55
T Tj 7y Ts Ty, Ty

The other equations of this type differ only in the subscript of u,
and hence from symmetry they can all be satisfied only if
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P=pa= - c c =p,
Under these conditions
p=1
regardless of the values of r, 3, and so on.

We may conclude, therefore, that the total power that can
be drawn from a group of tubes, per unit input voltage, is the
same in & common circuit as in individual circuits when, and
only when, the amplification constants of all the tubes are equal.
When this condition is met it is not essential that the resistances
be equal.

However, a very large fraction of the total power of the
individual tubes is available when they are connected in parallel,
even tho the tubes differ widely in amplification constant and
internal resistance. To illustrate, two tubes the amplification
constants of which are in the ratio of two to one, and the resist-
ances of which are equal, give 0.90 as much power in a common
circuit as they do in individual circuits. If, with the same ratio
of amplification constants, the resistance of the first is twice
that of the second, the power ratio is 0.89, and if the resistance
of the first is half that of the second the ratio is 0.926.

Research Laboratories of the American

Telephone and " Telegraph Company

and the Western Electric Company.
May 10, 1920.

SUMMARY: The general theory of the power output of a number of dis-
similar vacuum tubes operated in parallel is given. The equations obtained are
applied to the case when all the tubes have the same amplification constant,
and also the case when the tubes all have the same internal resistance. Some
practical examples are given.

254



DIGEST OF UNITED STATES PATENTS RELATING TO
RADIO TELEGRAPHY AND TELEPHONY*

GRANTED FEBRUARY 22, 1921—APRIL 12, 1921

By
JoHN B. Brapy

(OuraY BuiLping, WasHINGTON, D. C.)

The object of this section of the PROCEEDINGS OF THE INSTI-
TUTE OF Rap10 ENGINEERS is to make available in convenient
form for research engineers and others interested, brief informa-
tion on the radio patents which are granted each week by the Pat-
ent Office. The rapid developments in this art emphasize the im-
portance of radio research engineers being familiar with patent
literature in order to eliminate as far as possible the duplication
of research effort. It is not the purpose of this section to explain
radio inventions fully, but merely to indicate the general nature
of the patents in order that those of particular interest to indi-
viduals concerned with certain problems may be selected, and
copies of the patents obtained for complete study. Copies of
the complete patents may be obtained at ten cents each by
addressing the Commissioner of Patents at Washington, D. C.

1,369,281—Oscar C. Roos, of Brooklyn, New York.
Electromagnetic-Wave-Transmitting System—Patented
February 22, 1921.

This patent relates to a transmitting system in which an are
is shown as a source of sustained oscillations. The object of the
invention is to provide a circuit for absorbing one or more of the
higher harmonics of the fundamental of the antenna system so
that the transmitted electromagnetic waves will have the fre-
quency of such fundamental and will be substantially simple
harmonic. Parallel branch circuits are provided adapted to
absorb the undesirable or parasitic frequencies, while the remain-
ing oscillations are transmitted as electromagnetic waves. The

*Received by the Editor, April 25, 1921. While great care has been
taken in the preparation of these Digests, THE INSTITUTE OF RADIO ENGINEERS

assumes no responsibility for their correctness or completeness, or for possible
omissions of particular patents.—EDITOR.
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branch circuits are arranged to rectify the absorbed oscillating
energy and return it to the generator circuit to assist in feeding

the arc.

FZa.0. 3}’1’ fr

z
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v

NuMBER 1,369,281 —Electromagnetic-Wave-Transmitting System

1,370,093—George B. Crouse and Isaac H. Mills, of Brooklyn,
New York, Assignors to the Sperry Gyroscope Company,
of Brooklyn, New York, a corporation of New York.
Receiving-Panel—Patented March 1, 1921.

Z19.3.

NuMBER 1,370,093—Receiving-Panel

This patent relates to a construction of panel for mounting
radio apparatus. The panel is made up of insulating material
and a metallic shield embedded therein which forms a barrier
to stray magnetic and electrostatic fields which might affect radio
apparatus supported and enclosed by the panel.
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1,370,504—John Hays Hammond, Jr., of Gloucester, Mass.
Telestereotypy—Patented March 1, 1921.
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Numser 1,370,504—Telestereotypy

This patent is directed to a system for transmitting and
reproducing forms and shapes of objects and solids at a distance
by radio transmission. The transmitter is energized by a suit-
able source of oscillations and an apparatus connected in circuit
with the antenna for successively varying the amplitude of the
oscillations in accordance with the shape of the object at the
transmitter station. The receiving station contains an appara-
tus synchronized with the apparatus of the transmitter whereby
the variation in amplitude of the received oscillations cause a
reproduction of the shape of the object at the distant station.

1,370,688—John Hays Hammond, Jr., of Gloucester, Mass.
System of Radio-control—Patented March 8, 1921.

This patent relates to a system for controlling a torpedo, a
boat, or aircraft by radio. Two loop antenna, arranged in differ-
ent planes are employed, each connected to separate vacuum
tube detectors which mutually control a relay which is connected
to regulate the position of the steering gear.

1,370,735—Charles Samuel Franklin, of London, England,
Assignor to Radio Corporation of America, of New York,
N. Y, a corporation of Delaware.

257



Figd.

NumBeR 1,370,688—System of Radio-control

Aerial System for Wireless Signaling—Patented March 8,
1921.

Fig s

NumBER 1,370,735—Aerial System for Wireless Signaling

The object of this invention is to sccure a more complete
cancellation of signals in a direction opposite to that in which
reception is desired. A plurality of antennas are employed,
each separated a fraction of a wave length, and circuits arranged
for combining the antennas to secure a plurality of directional
systems. The systems are effectively separated a fraction of a
wave length and the energy superimposed upon a common
receiver. The patentee points out that the resulting polar curve
for the combined systems is much better than can be obtained
from each system alone. The curve is sharper in the direction
toward the distant transmitting station and gives nearly com-
plete cancellation in all directions, both vertically and horizon-
tally, at the back of the station.
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1,371,061—Clarence D. Tuska, of Hartford, Connecticut.
Condenser—Patented March 8, 1921.

NumBeRr 1,371,061 —Condenser

This patent relates to a form of variable receiving condenser
made up of paper stock and metal foil.

1,371,228—Austen M. Curtis, of Brooklyn, N. Y., Assignor
to Western Electric Company, Incorporated, of New York,
N. Y., a corporation of New York.
Reduction of Static Interference in Radio Receiving
Stations—Patented March 15, 1921.
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NuMser 1,371,228—Reduction of Static Interference in Radio Receiving
Stations
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This invention relates to a wave filter for use in:radio receiving
systems for the purpose of reducing the effect of static or atmos-
pheric disturbances.

1,371,567—Robert H. Marriott, of Bremerton, Washington.
Radio Receiving System—Patented March 15, 1921.
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Numser 1,371,567—Radio Receiving System

This invention relates to a receiving circuit designed to
dissipate or neutralize undesirable disturbing currents. A
plurality of receiving circuits are employed connected to a neu-
tralizing circuit and a circuit which contains rectifiers acting as
frequency changing devices.

1,371,757—Ernest Walter Brudenell Gill, of Oxford, England,
Assignor to Radio Corporation of America, of New York,
N. Y., a corporation of Delaware.
Wireless-Telegraph Receiver—Patented March 15, 1921.
This patent pertains to a circuit arrangement for vacuum
tube receivers wherein the voltage of the first grid is adjusted so
that the current in the plate circuit of the second tube may de-
crease as the voltage of the first grid increases and increase as the
voltage of the first grid decreases. The plate current of the
second tube varies inversely with the potential of the grid of the
first tube thru a portion of a cycle. The purpose of this arrange-
ment is to obtain a response of equal strength for all signals over
a particular strength and to provide more marked discrimination
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between signals received from different types of transmitters
such as Telefunken and British Navy spark sets.
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NumBer 1,371,757—Wireless-Telegraph Receiver

1,372,425—John Hays Hammond, Jr., of Gloucester, Mass.
System of Radio Telegraphy’ and Telephony—Patented
March 22, 1921.

g1

Nunssker 1,372,425—System of Radio Telegraphy and Telephony
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This invention relates to a system for simultaneously trans-
mitting and receiving in radio telegraphy and telephony. The
invention further contemplates the reduction in interference of
two transmitting stations in the same neighborhood. The prin-
ciple involved is that the antenna of each station is simultaneously
connected with the transmitter of that station, and the receivers
at this same instant are disconnected, so that neither station
receives during the instant that either transmitter is connected
for operation. .

1,372,426—John Hays Hammond, Jr., of Gloucester, Mass.
Multiplex Radiotelephony—Patented March 22, 1921.
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NumBER 1,372,426—Maultiplex Radiotelephony

This patent relates to a system for transmitting and receiving
two or more radio telephone conversations simultaneously.
Figure 1 represents a transmitting station wherein two conversa-
tions may be transmitted on different wave lengths and Figure
2 shows a corresponding receiving station wherein the conversa-
tions may be received on different wave lengths.

1,372,808—Alphonsus L. Golden, of Oakland, California, Assignor
to National Radio Company, of San Francisco, California, a
corporation of Arizona.
Apparatus for the Production of Intermittent or Continuous
High-frequency Oscillations—Patented March 29, 1921.
This patent shows a construction of oscillator comprising a
spark gap having electrodes submerged in distilled water. The
oscillator may be arranged in circuit for telegraphy or telephony
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forming a continuous arc when employed for telephonic con-
versations and an intermittent make and break when used in
telegraphing.

Numser 1,372,808—Apparatus for the Production of Intermittent or Con-
tinuous High-frequency Oscillations

1,372,658—Edward Thomas Jones, of New Orleans, Louisiana.

Underground or Underwater Antenna System—Patented
March 22, 1921.

NuMBER 1,372,658—Underground or Underwater Antenna System
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This patent shows an underground or underwater antenna
system comprising a pair of concentrated free ended coils of
insulated cable which are submerged in water, or buried in the
ground a relatively short distance apart and connected to receiv-
ing apparatus.

1,372,850—Eugene T. Turney, of New York, N. Y.
Inductance Device—Patented March 29, 1921.

NvMBER 1,372,850—Inductance Device

This invention relates to a construction of inductance formed
by a winding on a flat disc with radiating arms. The wire is
wound spirally on the flat arms.

1,373,504—Harry W. Hitchcock, of New York, N. Y., Assignor
to American Telephone and Telegraph Company, a corpora-
tion of New York.
Electrical Measuring Apparatus—Patented April 5, 1921.
This patent relates to an arrangement for variable condensers
in which a fixed capacity is adapted to be connected in parallel
with any desired portion of the variable capacity. By this cir-
cuit arrangement the desired maximum capacity and also the
desired intermediate capacities between the minimum of the
variable condenser and the maximum of the two condensers in
parallel may be obtained.
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Fig ./
NumMsBeR 1,373,504—Electrical Measuring Apparatus

1,373,612—Earl C. Hanson, of Washingt on, District of Columbia
Underground Loop-Antenna—Patented April 5, 1921.

NumBer 1,373,612—Underground Loop-Antenna
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This patent shows an underground antenna system for radio
signaling in which a looped coil is enclosed in a conduit and buried
beneath the earth. The coil is provided with filter coils at inter-
vals in the turns in the loop for the purpose of reducing response
to shock impulses.

1,373,710—Victor Joseph Francois Bouchardon, of Lyons,France.
Generator of High-frequency Oscillations for Wireless
Telegraphy—Patented April 5, 1921.

Numser 1,373,710—Generator of High-frequency Oscillations for Wireless
Telegraphy

This patent relates to a transmitter in which a rotary spark
gap set or a continuous wave vacuum tube generator set may
be employed. Three phase supply is employed to energize the
vacuum tube set wherein three tubes are shown-star connected
to form an oscillating circuit. '

1,373,931—Ernst F. W. Alexanderson, of Schenectady, New
York, Assignor to General Electric Company, a corporation
of New York. ‘
Radio Receiving System—Patented April 5, 1921.
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NumBer 1,373,931—Radio Receiving System

This patent relates to a receiving circuit in which a radio
frequency oscillator at the receiving station is adjusted to be
normally inoperative. It is arranged so that when signals of a
desired frequency are received in the system the local oscillator
will be set into operation and produce oscillations of the same
frequency as the signaling oscillations.

1,374,124—Albert D. Trenor, of New York, N. Y., Assignor to
John Hays Hammond, Jr., of Gloucester, Mass.
System for the Control of Dirigible Devices from a Distance

—Patented April 5, 1921.
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Numeker 1,374,124—System for the Control of Dirigible Devices from a
Distance
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This patent relates to a system of engine valve control by the
reception of radiant energy. The valve mechanism is arranged
for distribution of motive fluid to a plurality of different actuating
devices.

1,374,170—August J. Kloneck, of New York, N. Y.
Generating System for Electric Currents—Patented April 5,
1921.

NUuMBER 1,374,170—Generating System for Electric Currents

This patent relates to a generating system for radio frequency
currents, and shows a circuit arrangement for a radio transmitting
station.

1,374,293—Reginald A. Fessenden, of Chestnut Hill, Mass.
Wireless Direction-Finder—Patented April 12, 1921.

This invention relates to a method of determining the direc-
tion of signals from a receiving station. The method consists
in taking a plurality of observations at the observing station at
different wave frequencies transmitted from the radiating station
and noting the amount of the discrepancies between the observa-
tions thereby determining the amount of wave bending to obtain
the true direction of the radiating station from the observing
station.

1,374,679—John B. Pratt, of Schenectady, New York, Assignor
to General Electric Company, a corporation of New York.
Degasifying Process—Patented April 12, 1921.

This patent pertains to the pre-treatment of thermionic
vacuum tubes during the process of manufacture. Gas is re-
moved from the electrodes by a method of heating the metallic
masses to an elevated temperature by electric induction. By
driving out the gases from the conductive parts, the later slow
evolution of gases is substantially reduced. A radio frequency
magnetic field is employed to produce the induced heating
current.
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NuMBER 1,374,293—Wireless Direction-Finder

Fig. 1

NumBER 1,374,679—Degasifying Process
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1,374,832—Harold Potter Doule, of Meriden, Connecticut.
Assignor to the Connecticut Telephone and Electric Co.,
Inc., of Meriden, Connecticut, a corporation of Connecticut
Vacuum-Tube Base—Patented April 12, 1921.
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NuMBER 1,374,832—Vacuum-Tube Base

This patent shows a socket for a thermionic vacuum tube.
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