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THe INsTITUTE OF RaADIO ENGINEERS
announces with regret the deaths of

Walter Everett Chadbourne

and
Chomas Leo Murphy

Mr. Chadbourne was born in Waterboro, Maine,
in 1882 and spent most of his early years in Dor-
chester, Massachusetts. He attended the Mechanic
Arts High School, and later Massachusetts Institute
of Technology, from which he received the degree of
Bachelor of Science in Naval Architecture. There-
after he studied electrical engineering at the Lowell
Institute.

After working for a short time with the Edison
Company, he entered the radio field. He worked
with Mr. Fessenden of the National Electrical Sig-
naling Company for some years at Brant Rock, and
then with the Marconi Wireless Telegraph Company
in New York. While with the latter company, he
went to Europe to study radio stations.

In September, 1914, Mr. Chadbourne was assigned
as Expert Radio Aide of the United States Navy
to Charlestown Navy Yard. Apparatus of his de-
sign was used in the Naval stations. While still
engaged in this work in May, 1918, Mr. Chadbourne
fell ill and died. He was well known to radio workers
in the United States, and was an Associate Member
of The Institute of Radio Engineers.

Mr. Murphy was one of the early workers in radio in
the United States Navy, and did much to further the
development of radio for naval uses. He was afhili-
ated with The Institute of Radio Engineers as an
Associate Member.

While serving as a Radio Gunner in the Navy,
he was seriously injured in a seaplane accident at
Ravenna, Italy, on September 15, 1918. From the
effects of these injuries he later died.
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ON THE

ELECTRICAL OPERATION AND MECHANICAL DE-
SIGN OF AN IMPULSE EXCITATION MULTI-SPARK-
GROUP RADIO TRANSMITTER*
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aluminum gap is generally run with an opening of 0.006 to 0.014
inches (0.15 to 0.36 mm.), while the two latter gaps operate
between 0.001 and 0.003 inches (0.02 to 0.06 mm.). The
operation of these gaps has been taken up before. (See “Pro-
CEEDINGS OF THE INsTITUTE OF Rap10 ENGINEERS,” August,
1916, page 34, Volume 4, Number 4, and December, 1916,
Volume 4, Number 6.)
The operation of these gaps is as follows:

The gap is connected in the usual way with a primary con-
denser, and the primary inductance of the coupling coil. This
circuit, however, is designed to have a very low persistence.
In our type 4A 0.5 kilowatt set the condenser has the value
of 0.16 »f. The inductance—a single turn of heavy copper
tubing—is approximately 1.2 microhenries. For maximum
energy transfer, this primary circuit should have a free period
of from 1.2 to 1.7 that of the secondary. The primary con-
denser is connected to a source of potential, either direct or alter-
nating, having a value of from two to four hundred volts. If
direct current is used, a fairly large iron core inductance should
be inserted in this line. If an inductor alternator is used, the
inductance of a machine is found sufficient. The condenser
charges up until it has reached a potential sufficient to break
down the gap; it then discharges thru the gap in a single loop
or half cycle which sets the antenna in oscillation. The con-
denser immediately begins to charge again, and when it has
reached a potential almost sufficient to break down the gap,
the slight counter e.m.f. induced in the primary by the still
oscillating secondary adds just sufficient increment to ‘“‘trigger”
the gap off in the proper phase relation to maintain smoothly
the antenna oscillations. If direct current is employed, this
process continues at regular intervals and as the value of the
feed current is increased the gap discharges more and more
frequently. The number of antenna oscillations which occur
between the discharges of the gap is called by us the “inverse
charge frequency.”’ :

The following oscillograms may be helpful to a clearer un-
derstanding of these phenomena. The pictures were taken
with the Braun tube at an antenna frequency of 500,000 cycles
persecond.

Figure 1 shows the E-I' characteristic of the gap—the cur-
rent vertical, voltage horizontal. A large residual charge is
shown in the primary condenser.

206

« o



Fi1GURE 1

. Figure 2 shows the gap current. In this photograph, the
beam was deflected vertically by the current thru the gap and
the horizontal time axis was obtained from the antenna potential.

Fi1GURE 2

Figure 3 shows a highly damped train of oscillations in the
antenna (the antenna resistance in this case was about 40 ohms)
with an inverse charge frequency of 9.

F1GuRre 3
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Figures 4, 5, 6, and 7 show the antenna oscillation train
with an antenna resistance of 5 ohms and an inverse charge
frequency of six, four, three, and two, respectively. These
wave-train pictures were taken by deflecting the beam ver-
tically with the antenna current, and horizontally with the
potential of the primary condenser. The gap discharges and
the wave-train starts in the antenna. The gradual rise of
potential in the primary condenser gives us our time axis until
the gap discharges again when the spot returns to zero and
traces the pattern over again. In Figures 5, 6, and 7 the return
of the spot, which takes a time interval equal to nearly a whole
antenna cycle, may be seen. It should be noted that these
pictures were taken with exposures of from 0.1 to 0.4 seconds,
so that the pattern was repeated several thousand times, show-
ing" a remarkable regularity of functioning of the gap.

FI1GURE 4

FIGURE 5 . FIGURE 6 FIGURE 7

Figures 8 and 9 are: of inf,erest principally as showing what
can be done with the Braun tube. Figure 8 shows the damped
train of Figure 3 in polar co-ordinates. Figure 9 shows two an-
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tennas of slightly- different period coupled to the same primary
‘showing the re-transfer of energy between the two, and the
production of beats.

FIGURE 8 Fi1GUuRE 9

The remaining oscillographs were taken with a special high
speed Duddell oscillograph—some with direct current feed and
others with a 60-cycle alternating current feed. The antenna
in this case had a natural frequency of three or four thousand
cycles per second..

In Figure 10, the upper: curve shows the primary current
and the lower curve the secondary. The inverse charge fre-
quency is 3. The small loop on. the lower side of the zero line
is due to insufficient damping of the oscillograph vibrator and
not to any reversal of current thru the gap. It will be easily
seen that the envelope of these primary pulses in no sense ap-
proaches a logarithmic envelope, so that even without the
Braun-tube oscillograms one would be reasonably sure of the
uni-directional current pulse of this gap. (All the oscillograms
have been retouched by tracing them carefully with white ink
to enable them to be properly reproduced.)

Ficure 10
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Figure 11 shows the antenna current in the upper eurve and
the primary current in the lower. The inverse charge fre-
quency is one, and a practically undamped wave is emitted.
This can be done quite successfully at even the shorter wave
lengths. We have gotten fair ‘“‘beat receiving” at a wave
length of 450 meters, tho, of course, the adjustment of the re-
ceiving apparatus at this high period is extremely critical.

FiGuRre 11

Figure 12 is taken with a 60-cycle feed current—the top
curve being the primary curve, the bottom the secondary. It
will be seen that the functioning of the gap is similar but the
radiated energy is divided into tonal groups.

Fieure 12

In Figure 13, the upper curve shows the primary or con-
denser voltage, the lower the primary current. A 60-cy¢le feed
was employed.

Ficure 13
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Figure 14 is a set of curves obtained partly from oscillograms
and partly by caleulation, and portrays, with I think fair accu-
racy, the operation of a 0.5 kilowatt set at a wave length of a
thousand meters. The first curve shows the feed current, the
peculiar shape of which will be explained later. The second
curve shows the condenser voltage and will be seen to be similar
to the top curve of Figure 13. The third curve shows the
primary or gap current, the fourth the antenna current. It
is obvious that the gap discharges at a rapidly increasing rate
as the alternating feed current approaches its maximum and at
a decreasing rate from maximum to zero, only to repeat this
process, but with opposite polarity, during the next half cycle.
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The envelope of the antenna current is a curve of substantially
the same shape as the feed current.

This leads us to a consideration of the effect of this envelope,
when rectified, upon the receiving telephones. It will be seen
that if a sinusoidal e.m.f. is applied to the gap the results in the
receiving telephones will be a wave which is approximately
a rectified sine similar to that obtained by beat reception. This
is a far from efficient way of exciting a telephone diafram, as
there is thruout almost every moment a force applied to the
diafram and it is not allowed to swing naturally thru the zero
point and return; in other words, it might be said there is a
large direct current component which is of no value as a sound
producer.

In our first sets we found that while the antenna current is
high, the audibilities obtained on any receiver but one of the
regenerative type were only 50 or 60 per cent. of those obtained
under similar conditions with a single-spark set. This, of course,
led us to an investigation, and from this investigation we dis-
covered the value (I might almost say the necessity), of properly
grouping our sparks. When this grouping is correct, the tone
efficiency is at least as high as that of any other group trans-
mitter. This grouping may be accomplished in one or two
ways, both of which appear thoroly satisfactory.

The first is by a special alternator which was developed
thru several stages. Our first alternator in which any effort
was made for spark grouping was a Holtzer-Cabot machine,
of armature type, having considerable third harmonic in proper
phase to produce a fairly peaked wave. This machine appeared
to be very little better than a sinusoidal machine. When in-
vestigated with an oscillograph, it was found that the open
circuit voltage was approximately as shown in Figure 15.

PANVANEPANIVAN
vV v VvV vV

F1GURE 15

When the load was applied the voltage was roughly as shown
in Figure 16 and the current practically sinusoidal, showing
that the gap was in operation thruout far too long a period for
good tone efficiency. Our next step was to build an inductor
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FIGURE 16

alternator of the Alexanderson type, having a single concen-
tric field coil between two stators, and an unwound rotor.
The pole .spacing of this machine is shown roughly in the straight
line sketch of Figure 17.



Direction of rotation—)
Fi1Gure 19

Thi§ gave a wave shape on open circuit approximately as
shown in Figure 20 and a load voltage like Figure 21.
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Ficure 21

The portion of these load voltage curves shown by a ragged
line occurs when the gap is in operation, as the discharges of the
gap occur too rapidly, when using 500 cycles and 20 or 30 dis-
charges per alternation, for the oscillograph vibrator to follow.
This alternator is very satisfactory, for the purity of tone is
absolutely independent of generator speed.

Our second method consists of placing an inductance and
capacity in series across the primary condenser, the two having
a period of approximately 1,500 cycles (called by us a ‘‘concen-
tration circuit”’). The operation of this circuit may be ex-
plained as follows. During the first sixty degrees of the alter-
nating current pulse, this circuit acts almost as a short circuit on
the machine and its condenser charges up. From sixty to one
hundred twenty degrees, this circuit discharges into the primary
condenser in conjunction with the machine. From one hun-
dred twenty to one hundred eighty degrees, it is again a partial
short circuit on the line. This circuit gives a remarkably de-
sirable tone; and if of the right constants, it is much less critical
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than would be supposed. In fact, with a standard Crocker-
Wheeler, 500 cyele, 0.5-kilowatt, motor-generator set containing
- a shunt wound motor and a properly designed coneentration
circuit, the direct current voltage may be varied from 85 to 135
without a ‘“break’” in the note.

Figure 22 shows a eurve of secondary current of one of these
sets plotted against secondary wave length. The primary wave
length remained fixed and had a value of about 850 meters.
It should be noted that a good value of antenna current is
obtained from 490 to 675 meters without change of primary.
The advantages of a transmitter of this type seem to the writer
quite numerous.
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Fi1GURE 22

The main advantage perhaps is the almost entire lack of
critical adjustment of both the audio and radio frequency cir-
cuits. Owing to the multi-spark system, a comparatively large
change in the 500-cycle voltage will not affect the note with
only 4 or 5sparks more or less out of 20 or 30, and will not appre-
ciably affect the shape of the tone envelope. With the inter-
pole generator, there is no audio frequency resonance, and with
the concentration circuit it is very broad. The note is stable
thruout a large range of generator speeds. To be more specific,
a properly designed cencentration circuit will give a good note
anywhere between 400 and 600 cycles. If the interpole gener-
ator is used, the note will remain good'thruout any range of
frequency in which the generator is likely to be operated. In
fact, the one limiting factor of this case is that the speed must
not be lowered to such an extent that the input is of such small
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value as to give an insufficient number of sparks to produce a
smooth tone envelope. Even in this case the note can be
returned to its original purity by short-circuiting one of the two .
gaps usually supplied. A change of 4:1 in primary condenser
and 2:1 in number of gaps does not ordinarily effect the note.
As for the radio frequency adjustments, they are few. The
gaps are screwed in until the electrodes are touching, and then
opened about 0.002 inch (0.051 mm.). The primary inductance is
fixed and the coupling is fixed. A 4:1 change is made in the pri-
mary condenser between 300 and 600 meters by the wave-
shifting switch. The periods of the primary for these two wave
lengths are approximately 425 and 850 meters respectively.
If a third wave length is desired, such as 476 or 756, the 600
meter condenser can be so proportioned that 600 and one of
these two wave lengths can be used with good efficiency in
conjunction with the same primary. The only adjustment,
therefore, in the radio-frequency circuit, apart from the length
of gap, is the amount of inductance in the secondary or antenna
circuit. As the apparatus emits one wave and that at the
natural frequency of this secondary circuit, it is only necessary
to tune this circuit for the desired wave lengths. With the ex-
ceedingly low voltages used—the total gap voltage on a 0.5-
kilowatt set being about 900 maximum and 200 root-mean-
square—the insulation can be of considerably less bulk than
is usual in sets of the same power and yet the factor of safety
may be much greater. The low voltage and the lack of adjust-
ment make for a set that is compact, light, inexpensive to build,
and very easy to operate.

It is the writer’s opinion that the less radio apparatus is
dependent upon the intelligence of the operator, the more satis-
factory service it will give. Both the transmitter, and receiver,
which. will be described later, are designed with this point in view.

Another point of some importance is that the high rate of -
charging the primary condenser, which may be considered ap-
proximately 15 or 20 thousand cycles per second, reduces the
losses of this piece of apparatus to a very great extent. This
fact, in common with the low voltages, enables a remarkably
small condenser to be used with a large factor of safety.

The space taken up by the 0.5-kilowatt set, type 4A, as
shown by the detailed description which follows, is very limited,
but the output appears to be about the same as that of the best
quenched sets—five to nine antenna amperes being obtained,
and the tone efficiency or audibility per ampere, as shown by
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recent exceedingly careful tests conducted by ourselves and in
a preliminary test by the Marconi Company, seems to be equal
to that of the quenched spark set.

MEecHANICAL DESIGN OF TYPE 4A Rapio TRANSMITTER AND
TyPE 8A Rapio RECEIVER

Figures 23 and 24 show the front and rear views respectively
of the complete transmitter, excepting, of course, the motor-
generator set, which is a standard 0.5-kilowatt Crocker-Wheeler
type. The dimensions of this transmitter are 14 inches (35.6

FIGURE 23 FiGure 24

cm.) wide, 28 inches (71.1 em.) high and 18 inches (45.7 cm.)
deep over all, including gaps. The panel is divided into two,
parts, which may be roughly termed audio and radie frequency
panels. These panels are of one-half inch ‘‘bakelite dilecto.”
It may be noted in passing that all insulation, with the exception
of the field rheostat, transformer paper, and condenser di-
electric, is bakelite, either moulded or sheet. On the lower part
of the audio frequency panel will be seen the D. C. line switch,
used for starting and stopping the motor generator, the motor
field rheostat, and an automatic starter of the two step current
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limit type. These two panels are complete mechanical units
in themselves. The lower unit also contains a ‘concentration
circuit, the condenser of which is seen at the left (Figure 23), and
the inductance at the left (Figure 24). A fixed resistance for
the generator field, and another for the concentration circuit,
is contained in this unit. At the rear of the lower unit is a
terminal board.

On the upper or radio frequency unit are mounted the gaps.
Suitable cooling fins are provided, and the current is led to the
two movable sections by heavy multi-leaf brushes, which bear
on the inside fin of this section. Locking screws are supplied
in order to lock the two units in correct adjustment. On the
right hand gap (Figure 23) a scale will be seen, which reads
gap lengths directly in thousandths of an inch. Above the gaps
are the antenna transfer switch and wave changer. The antenna
transfer switch shifts the antenna from transmitter to receiver,
and in the receiving position opens the generator field. The
wave shifter picks off desired numbers of turns from the second-
ary of the coupling coil by means of flexible leads, and clips
suitable inductance values for the 300 and 600 meter waves;
and in the 600 meter position cuts in some additional primary
condenser. These switches are mechanically identical. The
radiation meter is of the hot band type, and 10 amperes are
required for full scale deflection. The primary of the coupling
coil is a single turn of 0.375 inch (0.95 cm.) copper tubing. The
secondary consists of 30 turns of edgewise strip, 0.1875 inch
(0.48 cm.) by 0.0625 inch (0.16 cm.), having a diameter of
thirteen inches (33 ¢m.) and a total inductance of 320 micro-
henries, which is sufficient for antennas down to the value of
0.0003 microfarad. A good deal of work was entailed in the
design of this coupling coil; the diameter and inductance were
fixed upon, and strips of various cross-sections were wound with
different spacing and the resistance determined with an oscil-
lating, 3-element vacuum tube with a view to obtaining a coil
of the lowest radio frequency resistance commensurate with
this diameter and type.

The primary condenser is seen mounted on skids directly
back of the gaps, and on the.same skids is the transformer,
mounted in a copper box as a shield from the high frequency
field of the coupling coil. This transformer is of the clesed core
type with very low magnetic leakage. It has a short magnetic
path and the primary and secondary are divided equally be-
tween the two legs. It is insulated to stand the full antenna
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voltege between primary and secondary. The weight is in the
neighborhood of five pounds (2.3 kg.). Its efficiency is 92 per
cent., the losses being distributed equally between the iron and
copper (about 20 watts each).

The complete connections of this transmitter, with the ex-
ception that but one unit of the starter is shown, are given in
Figure 25.
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The gap handles, handle guards, gap supports, wave changer,
antenna transfer switch handles, switch insulators and trans-
former supports are moulded. The radio frequency panel is
an even one-quarter of a sheet of bakelite. The helix posts,
skids and audio frequency panel are made of one-eighth of a
sheet. The pointers, switch blades and connecting bars are
punched. The angles supporting the x posts and skids
are identical, and these bakelite parts are identical, except that
the helix posts have slots milled in them to take edgewise strip
with a “gang miller.” The gaps are made with cast aluminum
flanges forced on a copper core. The thread on the movable
sections is cut on a section of Shelby steel tubing, shrunk on the
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inside fin, and working in a cast bronze ring. The transformer
supports form the bottom half of the insulated bushing thru
which the transformer terminals are brought, and the support-
ing rods form the terminals themselves. We have confined
ourselves as much as possible to similar sizes of holes in these
panels, so that a panel may be drilled with the aid of a jig in a
multi-spindle press with great rapidity.

The insulation factor of safety has been kept very high
thruout. The primary condenser, for instance, is subjected to
a maximum working voltage of 1,000 volts, is provided with a
safety gap of 0.016 inch (0.4 mm.) and tested at 6,000 volts with
a spark gap of 0.032 inch (0.8 mm.). On an antenna of average
size, the potential from the rat-tail to the ground is sufficient
to break down a 0.25 inch (0.64 cm.) needle gap, and yet the
insulation is comparable with that in some of the more compact
types of quenched transmitter.

One of these transmitters, of the 2-kilowatt size, has been
subjected in the laboratory to forty-eight hours of continuous
operation, in eight-hour shifts, and to sixteen hours in two eight
hour shifts of five minutes on and five minutes off, without
showing signs of deterioration. The electrodes were cleaned
off once with emery paper by hand during the two tests, and the
radiation was maintained practically constant thruout the entire
period. The set was, of course, operated at full power. Out
of some ninety sets of this type, which have been given a one-
hour key-locked run, but two have shown electrical or mechani-
cal breakdown in any part, and this was in both cases due to
defects of material rather than to faulty design or construction.

Figure 26 shows a 0.5 kilowatt set of the same type, mounted
in a fiber chest.

TyrE 8A RECEIVER

The type 8A commercial receiver is shown in Figure 27, and
its wiring in Figure 28.

All adjustments are made with the one handle. The receiver
is of the untuned secondary type and is equal in efficiency
and sharpness to those commercial receivers the writer has had
opportunity to test. It has the one disadvantage that no
“stand-by’’ is provided, but the simplicity of ¢peration is such
that we feel this to be not a great disadvantage. The multi-
point switch shown in the lower portion of the| panel operates
on the first section of the primary coil, and cuts in inductance
at a gradually increasing rate. When this switch is rotated

!
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Ficure 26

FI1GURE 27
311



F1gUre 28

thru one complete revolution, the disc shown above the switch,
which is connected to the switch-shaft by a light sprocket and
chain and is geared down at a ratio of 8:1, cuts in the second
section of the primary coil, which is equal in inductance to the
whole of the first section.. This process is repeated with the
third section of the primary coil at the end of the third revolu-
tion of the switch handle and so on. This disc is also a dead-
end switch. On. the dull-silver plated scale the operator can
mark in pencil the adjustment for certain wave lengths which
are used frequently. The relative positions of the primary and
secondary coils are fixed. The secondary coil consists of 25
turns of Number 30 B. and S. wire,* spaced 16 to the inch (6.3
to the cm.), and is a true untuned secondary, as its period is
well below 100 meters which-is the shortest wave length which
we are equipped to measure easily. A test buzzer and silver
chloride dry cells are provided in the cabinet. The detector is
a combination of silicon, antimony, and galena, made by the
Wireless Specialty Apparatus Company. The wave length
range of the tuner on an antenna having a capacity of 0.0005
microfarad is fairly. wide. On very large antennas, a small
fixed series condenser is inserted in the primary circuit
* Diameter of number 30 wire =0.010 inch =0.25 mm.
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The completely assembled set on shipboard is shewn in
Figure 29. In Figure 30, a larger set of the same type is Hlus-
trated. In this 2-kilowatt set, the panel design is again used.
The increased number of gap sections is indicated.

FiGure 29

ANTENNA

As shown in erecting sketch, Figure 31, we have made an
effort to standardize our antenna  construction. The main
insulators used are the Ohio Brass Company’s compression
strain type, about six inches (15.2 ¢cm.) in diameter, one at each
bridle being found sufficient. The spreaders are one and one-
half inch (3.8 cm.) galvanized Shelby steel tubing, twelve feet
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(3.66 m.) long, and are provided with clamps, as shown in the
sketch at the lower left-hand corner of this figure. The screws
which tighten these clamps on the spreader are provided with

Ficure 30

314



sl i D

Lse shocates witn serew cpes A
7 ' 1Ay 2

CUTTING & WASHINGTON, IncC.

Lrectng Shehh of Sprevaer.
22d Hn

Soktererd et

YL CALE
swne Y 77 e 9-5-/7
Y ows w0277

Fiaure 31

two small sheaves which give both the antenna wire, and the
stranded ploughshare steel rope used for the bridle, a sufficient
bending radius to reduce the chances of breakage at this point
to a minimum.

SUMMARY: After a discussion of impulse excitation, three forms of gaps
suitable for such extreme quenching are described. Braun tube oscillograms
showing the operation of such gaps for various values of ‘“inverse charge fre-
quency”’ (number of secondary oscillations per primary discharge) are given.
’l;_heydshow a remarkably regular gap-functioning over hundreds of thousands
of cycles. -

The problems of commercial construction of such sets are then con-
sidered. The necessity for using an alternator giving a special (highly non-
sinusoidal) wave for feeding the gap transformer is demonstrated. The use
of a modified tone or “concentration circuit’’ across the gap is justified on
the basis of the increased receiving station audibility per ampere in the trans-
mitting antenna.

The actual 0.5- and 2-kilowatt sets are then fully described, and the
simple mode of wave changing explained. The receiver is also considered.
A standardized antenna for these sets is shown.
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THE VERTICAL GROUNDED ANTENNA AS A GEN-
ERALIZED BESSEL’S ANTENNA*

By
A. Press

(ConsuLTiNG ENGINEER, NEW YORK, N. Y.)

. In reality, the theory of the voltage and current distribution
in a vertical grounded antenna should be based not only on the
fact that the inductance and capacity are distributed; but, what
is equally important, on the fact that such capacity and induct-
ance are of variable distribution. It is this latter type of antenna
that will be investigated.

In a former paper the following formula was developed giving
the inductance in henrys per centimeter of a vertical grounded
antenna where 7 was the radius of the wire and z the height of
any given point from the ground, also in centimeters:

_ 2 Vritritz
L= {7 log M- ¢y

It is found that with a sufficient degree of exactness, up to
200 feet (60 m.), the above formula can be replaced by

L= 101 henrys per cm. (2)
10°

Evidently before one obtains a solution of the differential
equations controlling the current and voltage relations in the
aerial conductor, it will be necessary to obtain a formula similar
to the above for the capacity per centimeter of the vertical
grounded antenna as a function of the same distance z as before.

The above differential equations of condition are

di . dv

La_—dx (3)
dv di

CE—_E 4)

where L and C may be functions of x.

* Received by the Editor, December 27, 1917.
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With wires having uniformly distributed inductance and
capacity, the speed of propagation, neglecting the effect of re-
sistance and conductance leakage, leads to the relation

1
La Co = V_‘ (5)

where V is the velocity of light in centimeters per second, and
L, and C, are respectively the inductance and capacity in centi-
meters per centimeter. This is the same relation as obtains for
free ether waves. The thought occurs to one that since the
velocity of wave propagation along a straight vertical grounded
antenna is practically the same quantity V,that, over the infin-
itesimal parts of the aerial wire, formula (5) should hold and be
generalized! to read

1
LC=L,Co=; (8)
which would give

1
C=

2X 9 X 10°log, ﬁtﬁﬂ

rf. per cm. (7)

which is of the right order. Practically one may take over the
same working range of 200 feet (60 m.)

1
C= e rf. per cm. (8)

4.6Xlogm<%x> - 9(10)3
The latter formula should account for a good deal of the work of
of Professors Slaby and Howe.2 If the formula (8) is compared
with that obtaining for an antenna horizontally arranged with
respect to the earth’s surface, it will be seen that so far as ver-
tical antennas are concerned, one can estimate antenna capaci-
ties on the assumption that the individual elements are made
up of independent infinitesimal parts of horizontally disposed .
antennas.

The following set of expressions can therefore be said to
prevail:

1
LC= 72 (6)

! Compare Dr. Louis Cohen, ‘‘Calculation of Alternate Current Phenom-
ena,” page 108. In another place, I have indicated how for helices the equa-
tion (6) should be generalized to read LC=L,C,= %’ where ¢ represents
the equivalent magnetic loading of the medium giving an inductance axially
to correspond with a straight wire having the same inductance per cm.

2See reference to above in Fleming’s ‘“Electric Wave Telegraphy,” 1916,
pages 204 and 642.
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L=L,z" ‘ 9)
=G (10)

an
LC=L,C, (11)

Conditions (9) and (10) lead to the solution of a Bessel’s antenna
in precisely the same manner as Heaviside® has treated the
corresponding Bessel’s cable.

To arrive at the resultant characteristic from equations (3)
and (4), following the symbolical methods of Heaviside let

d
h=—
el
dzx
then equations (3) and (4) can be written
thl= -0 (12)
) Ctiv=—x1 (13)

and by non-commutative algebra’c processes, so far as the
coefficients L and C alone are concerned, one obtams by solving
for » and < in succession

Lti=x 1
17 ICll Z,

which, interpreted back again, gives:
d?t _1d 1d .
de"Las " Cax " (1)

Ct
0= x’Lt.

dv_1d 1d
dt~Cdz Ldz ' (15)
It is the equations (14) and (15) that can be thrown into the usual

Bessel’s form with constant coefficients L,, C, by means of the
relations (9) and (10) mentioned above and in consequence

s  n di_ i

dz Tz d ~L.C.y dt’ : (16)

v _n dv d’v_

dz? z dz =L.C. dtz_qv (17)
with the understanding that the operation L,C,-— has been

dt‘

) ‘Compare Heaviside, “Electromagnetic Theory,” Volume 11, page 239.
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symbolized by ¢*. These latter equations are to be solved in
order to determine the true current and voltage relations which
enable stationary waves to be set up in straight vertical grounded
antennas with variably spaced nodes and antinodes.

The general solution of (16) ist

i=Im (gx)A_'_I—mS.qx) - B (18)
z z
given that m=1;—-1 and where
L0
In(g2) _\2) , \2 2 C (19)

2™ 0/ml " 1 (m+1)! " ol (my2)! T

,<2>—mx—2m <g>—m+2x—2m+2 <g>""'+4x_zm+4
I_n(g2) _\2 2 L2

zm 0/ (—m)! 1/(—m+1)! " 21(-m+2)!
+ - (20
0.13—1

In the case at hand n=0.13, whence m= 5 = —0.435,

showing that m is negative and therefore the indices of the #’s in

I__,;’(“_qz) are all plus.

To satisfy the simplest boundary conditions, by way of example,
one may take

i=1I when z=0 (21).
1=0 when z=1, the antenna height (22)

4See Heaviside, previous citation, page 244 and page 240.
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Thus for the first boundary condipion when
z=0, I—J—""xmq z) =0,
and therefore, by (18),

m

q

2
I"o.rmJA

Im!
A= 0/m! I

(23)

(&

o=Iml§f’)A+I";,S‘IQB

=—MA (24)

I_n(gl)

and therefore, for the above set of boundary conditions, the
complete solution is

L Uml (L) In(a) - I.n(a2))
L
2"

and I is the impressed current function of the time for z=0.
The current function I is that produced directly by the ex-
citing or oscillation circuit, and therefore dependent on the
constants in that circuit. On the other hand, the voltage
distribution in the antenna is obtainable thru the fundamental
equation:

Again, for z=1,

cdv__ds (4)

and thus one may obtain a relation between the current at =0
and the maximum antenna voltage at =1, that is, at the top of
the antenna. Another way would be to assume a definite im-
pressed voltage function where the lead of the primary circuit
attaches to the antenna.

Substituting (25) in (4), there obtains®

80 _0ml(In(ql) I min(92) _Ins1(g2))
dt <g>m I_m(ql) zm zm (26)
: 2

$ By formula (27) in Heaviside, previous citation, page 245.
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and therefore since

) a
2 — hadil
¢=LC %
4__9 _
ai=vic- e i 27)
whence A
a\"(
7-CVa\2 " 1_, (q)) . (28)
0/m! (In(gl) - I—ms1)(@l) —I-m(gl) . Im41(g2)

If then we write v, for the maximum voltage at =1 and C, for
the capacity per centimeter at =1 the relationship between the
maximum voltage and the maximum current is as follows

Q\"{ -
I=C:V<1_<2> "1_w(ql) }
0/m! (Um(gl) . I-m+1)(g)—I-m(qD) . Im41(g))

(&)

0!m! 2sznm

For steady impressed sinusoids the function I _,, (¢l) becomes
a real Bessel’s of oscillating character and then, because ¢ is
imaginary, one may use the formula®

"= (cos+jsin) mm
This would indicate that for Poulsen circuits, the maximum
current amplitude is in general always out of time phase with
the maximum voltage.’

SUMMARY': By taking account of the variable distribution of inductance
and capacity along a vertical grounded antenna, the general expression for
the current at any point of the antenna is obtained.

For the case of an antenna having zero current at the top and maxi-
mum current at the (unloaded) bottom, the particular solution for current
and voltage distribution is obtained.

¢ Heaviside, previous citation, page 245.
7 Heaviside, previous citation, page 253.

322



ON THE POSSIBILITY OF TONE PRODUCTION BY _
~ROTARY AND STATIONARY SPARK GAPS*

By
Hipersucu Yacl

(PrROFESSOR OF ELECTRICAL ENGINEERING, ToHOKU IMPERIAL
UNIVERSITY, SENDAL, JAPAN.)

INTRODUCTION

In a previous paper on resonance transformers,' the author
has shown that the tone phenomena are possible only for certain
values of discharge voltage, and he has considered how the
possible range varies with the ratio of the natural frequency g8 of
the circuit to the forced frequency w of the source.

A remarkable result was obtained, namely, that with a
stationary spark gap, the possibility range vanishes at absolute
resonance, B=w, if the damping of the circuit is negligibly
small.

The possibility range will naturally be quite different when
a rotary spark gap is employed.

An admirable paper has been published by Lieutenant
L. Bouthillon® on the combined system of a high voltage, direct
current generator and a rotary spark gap. So the ‘author
finds it hardly necessary to go into the details of the fundamental
principles of tone production both for the alternating current
resonance transformer method and for the high tension direct
current method. ’

In what follows, an attempt is made to determine the pos-
sibility range of the regular discharge, or the tone phenomenon,
in the two systems above mentioned when equipped with a
rotary or a stationary spark gap. Part I deals with the discharge
characteristic of a rotary gap, and enables the drawing of con-
clusions concerning the stationary gap since this is but one
particular case of the rotary gap. In Part II, the possibility
ranges are considered for the resonance transformer method

* Received by the Editor, September 20, 1917.

1 H. Yagi, PROCEEDINGS OF THE INSTITUTE OF RapIO ENGINEERS, Vql-
ume 5, Number 6, December, 1917.

2L, Bouthlllon, PROCEEDINGS OF THE INSTITUTE OF BADIO ENGII\EERS
June, Volume 5, Number 3, 1917. NEREIEN
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with both kinds of spark gap; and in Part III, the same is done:
for the high tension, direct current method.

PART I. CHARACTERISTICS OF A ROTARY SPARK GaAFP

Whatever the shape of the rotary gap, the variation of the
gap length with time may be deduced from the following simple
formulas.

Suppose that the point a is fixed and b moves along a straight
line b ¢ with a constant velocity ». Other points ¢, d, and so on,
similar to b, move in unison with b and with a constant distance
S between them.

If b, ¢, d, and so on, form one electrode and a the other, then
the gap length between two poles varies periodically. Let ¢, be
the time at the moment when b lies at the minimum distance I,
from a, and ¢ the time at any other position distant ! from a.
Then

E=12+9* (t,—t)?

This is an hyperbola like A in Figure 2, the asymptote of
which has an inclination v to the horizontal axis.

When a, b, ¢, and so on, are mere points, or the gap is a needle
gap, ! denotes the gap length itself. In actual gaps, however,
the electrodes are not points but have various shapes which may
for convenience be taken to be spheres. Assuming their radii
to be r, and r, respectively, the true gap length p is

P =l—r,—n
and the minimum gap length is given by
Po=lo—Ta—Ts.
Or, (p4re+n)r=12+0 (t,—1)? (1)

Now r,, n. &, v, and ¢, are all constants, and p as a function
4

A P — . e



of ¢ traces an hyperbola with its center C displaced r,+7, from
the ¢ axis. (B in Figure 2.)
The period T is given by

¢ 3%
ems. | Kilovolfs
Ao

“w e . =
1]

eSom. Tan¥ ™y
Zan'm,

1 1
/-!r' 22103 %107 40 Sec,
F1gure 2—Characteristics of Rotary Spark Gaps

T is determined by the proposed spark frequency and then S
is proportional to v. As v is proportional to the diameter of
the wheel, or the diameter of the path of b, the number of knobs
(or studs) around the circumference for this condition is in-
dependent of the diameter when the number of revolutions
per minute of the wheel is constant.

With increasing v, the hyperbola becomes more and more
peaked and the characteristic feature of a rotary gap becomes
more manifest. It has usually been supposed that a rotary gap
is an arrangement which enables the discharge to take place
with ideal exactness at intervals independent of the terminal
potential at the moment. However, from the consideration of
the mechanical stress due to centrifugal force, there is a practical
limit to the peripheral speed », and the rotary gap can never -
be so ideal an arrangement as is usually supposed. For an ideal
gap, the characteristic curve must coincide with the straight
lines D in Figure 2.
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The most efficient way of improving the discharge character-
istic is to divide the gap into many series gaps, each one being
a rotary gap of the highest permissible speed.

When »=0, as a particular case, S must also be zero, and the
gap is nothing but a stationary gap. (F in Figure 2.)

In Figure 2, A and B represernt the discharge characteristics
for r,=7,=0, or [,=0.6 cm. (needle gap) and for r,=7r,=0.8
" cm.,orl,=2.2 cm. (spherical gap) respectively. For both of them

2=10* cm. per sec. (100 m. per sec. or 330 feet per sec.)
P.=0.6 cm. .

T=0.001 sec.

S=Tv=10 cm. (4 inches).

G is the curve of the spherical gap for v=>5X10? em. per sec.
(50 m. per sec. or 165 feet per sec.) or S=5 cm. (2inches). His
drawn for 7'=0.002 sec. and »=10* cm. per sec.

The relation between the air gap length and the disruptive
voltage is not truly linear, but they may practically be assumed
to be proportional to each other, and Figure 2 may at the same
time be taken as a diagram representing the relation between
the sparking voltage and the time.

In cases of alternating current operation, in which alternate
discharges may take place, the image of the characteristic
curves must be drawn below the horizontal axis as in Figure 2.
Whenever the terminal voltage passes beyond these upper and
lower limiting curves, there will be a spark discharge across
the gap.

It is plain from these examples that even at the high speed
of 100 meters per second (330 feet per second), with 10 em.
(4 inches) distance between consecutive knobs, the rotary gap
is not an arrangement which causes the discharge to occur as
sharply as presupposed.

Part II. PossiBiLiTY RANGE oF TONE PHENOMENA WITH
THE RESONANCE TRANSFORMER METHOD

The performance of a spark gap is not to be defined by the
magnitude of current thru it, but is determined simply by its
disruptive voltage; and consequently the explanation of its
operation should be more suitably developed from voltage
considerations. It is true that the introduction of current
terms in the equations makes the forms of some expressions
simpler; nevertheless, a method of solution that might be
called a ‘“current method” is no more convenient than the
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“potential method” used by the author to deduce directly the
most important relations. ,

Let us restrict the subject as hitherto® to the two sorts of
regular discharge, namely:

Alternate discharge—one discharge per half cycle;

Unidirectional discharge—one discharge per cycle.

The terminal voltage e, of the condenser is given by the
following expression for alternate discharge:

(e,=E, sin (wt+9)—KE, ' cos (Bt—(i—tan"%) (2)
1
K=
—a” —at 3
) ‘Jl +2<€ w> €08 Bz +<€ w)z ( )
w -
e_u;sinﬂ—
tan 0= — L
—a® 4
L 1+¢ “cosﬁi )

and for unidirectional discharge:

(e=E, sin (wt+q!>)—i’ﬁ’fae'“c"s (‘B t+0_tan—l%> ®

ey

e—ajsmﬁ—z
tan 0 = ) @
" 7
1—¢ “cosﬁg—? @
w

A

\

where t is measured from the instant of a discharge.
When « is negligibly small in comparison with 3, we have

(50)eo= () oo

This corresponds to the assumption in the current method
that the current ¢, at discharge must remain constant during the
momentary short circuit. It will later be seen that <(fl—et2>

o
is an important term in deciding the possibility of tone .phe-
nomena from the characteristic of the spark gap.

3H. Yagi. Previous citation.
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Another initial condition is
e=0 at =0,

or ;sin4>=%’Kc080 (8)

K and 0 are constants for a given f ,and when E, is held con-
w

stant, there is a value of sin ¢ corresponding to each E,. As-

1
Keosd is never greater than 2, E, can never be larger
than 2E ¢,

In actual rotary gaps, tho not in ideal ones, in order to
have discharges at a definite E,, the wheel must be rotated in
such phase relation that the gap length becomes that correspond-
ing to E, at the proper instants.

From equation (1),

E,=qp=qVi2+ (t,—8)*—q (ra+ns) (9
where ¢ is the disruptive strength per cm. or nearly 30,000
volts per ecm. (75,000 volts per inch) in the air.

If ¢t is measured from the instant of a discharge, then ¢,
is the time interval between the discharge and the time cor-
responding to the minimum length of the rotary gap. Putting
Y =wt, we know that there is a definite ¢, or ¥ corresponding
to the given E,.

Now the time interval between the discharge and the zero

of the fundamental sine wave, E,sin (0 t+¢), is ¢ , and there-
w

fore the time interval between this zero condition and the mini-
mum length of gap condition is

$+v
w
where ¢= sin‘ll—aﬁ Kcos 8
E.
2
and V= (_;)\/ [%’ + (7'¢+Tb)] -1z (10)

Hence the phase difference between the alternator position®

4In Lieutenant Bouthillon’s paper, the coefficiznt in his equation (19)
and the value in Figure 8 correspond to what is denoted by _K%O in the
present paper.

8 The phase difference between E, sin (w:+¢) and the alternator E.M.F.
is determined by the circuit constants.
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and the position of the rotary gap must be adjusted to accord
with E,. + and ¢ are plotted in Figure 3 as the functions of E,.

It may be récognized therefrom that is mearly pro-

portional to E, within a certain intermediate region of E, when

the discharge takes place at o0 <¢ < g’ whereas +¢ is
nearly constant (equal to T') when g <$p<m-
w
180 gy, 8
. 4d
14 \‘
100 ‘\ .
140 N y /
N
/20
P <
AY E \
sold g4 )4 /
N //
V
L1
60 y LA oy
A Pz
40 "4
/
/
Ro
— Eb i Kfloyolts
[ /0 20 30 fo So 60 720 & 90
F1GURE 3
PossiBLE RANGE
From (2) and (5) we have
<Lfi_et2> = wE,cos$ F \/ o>+ KE,sin0,
o
or, substituting in (8),
(‘3—‘?) =wVE2—E.? K?cos* ¥ BKE,sinf, (11)
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taking the — sign for alternate discharge and the + sign for
unidirectional discharge.
When the circuit constants are all given and E, and « are
2

fixed, there will be a definite <(Zet~> corresponding to E,, and

when E, is varied from zero to 2E,, varies also according

0,
dt/,
to the equation (11). (See Figures 5 and 6.)

dt/o
mined by the characteristic of the spark gap.

As we have too many variable quantities, it is not easy to
determine very accurately the boundary of the possibility region
of tone phenomena. In the following, conventional methods,
tho not strictly exact, are resorted to; thus enabling us to solve
the problem very simply.

Whether this (Cig2 ) is permissible or not will be deter-

Rotary Gar

The permissible range of <%2> is limited by the following

relations:—

(1) Suppose a discharge to take place at P (Figure 2).
The condenser potential e, becomes instantly zero and then
rises from zero, whereby the curve of e; against ¢ must not cut
the characteristic curve before the next regular discharge.
The limit is reached when these two curves touch each other.
One of the curves is an hyperbola and the other a sine curve,
so that the solution is not quite simple. It is assumed that
the upper and the lower limits of <‘fl_etz> are given by the inclina-

tion of the tangents (straight lines) drawn to the hyperbolas
thru the point P.

If P is the point corresponding to the gap length I, the
inclination m, which the tangent to the hyperbola makes with
the horizontal axis is given by

m= 1 (o) Vir—ld £l Vir= (ot} (12)

This value of m, is graphically represented in Figure 4 as a
function of E,, E, being equal to ¢p,, or =q (lLi—r,—1).

The curves above the horizontal axis are for 7,47,=0,
0.8, 1.6, and 2.4 cms. (0, 0.3, 0.6, and 0.9 inch). Below the axis
are drawn only two of them, i.e, r,4r,=0 and =1.6 cm.
(0.6 inch).
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These curves show that the possible range is more restricted
for larger electrodes (r,+), when the minimum gap length
is to be constant. If v is made smaller, the relative proportion
is unaltered but all the limits as a whole are lowered in pro-
portion to v.

?m
-y
. \
\\ . 3
Ao dd \ 3
N om
i *e —— —F
—~N—_—
-~y
i Xl
° ™ r oo
-y
— g —
—oa 1,0\"// ’/"—
1
-a37| Ve o
V =
- /
//
-ofv \
\\
o7y AN
o \ 24
o T
L — m
\\ Rtvi=o
!

Ficure 4—A. C. Method

2) (%%’) » which is always positive in stationary gaps
[

may be negative in the case of rotary gaps, and its negative

’

limit is given by the condition that (‘fi—e:) coincides with the
T

inclination of the tangent to the hyperbola at the moment of
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discharge. This inclination m, is given by

m2=v\/1-<§11’>2 ' (13)
// P
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Ficure 5—Alternate Discharge

The m, curves in Figure 4 are plotted for r,+7,=0 and
=1.6 cm. (0.6 inch). The large part of these m, curves lie
beyond the first limit m,.

The same limits m, and m, apply also for unidirectional
discharges, provided that the stud number is halved and the

" wheel rotated at the same speed as before.
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On the other hand, the -curves of <%> corresponding

to E, are computed by equation (11) for various B8’s on both
sides of absolute resonance, assuming »=10007= and E. =40,000
volts.
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Figure 6—Unidirectional Discharge

F =

wi

—

These are plotted in Figure 5 and Figure 6.-

In computing the values of K, sinf, and cosf, e *T has
always been taken equal to 1, so that Kcosf=3, and the
first term of (11) is independent of 8 (which is not rigorously true).
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Now if (%) thus determined is without the possible limits
o

m, and m,, the presupposed sorts of regular discharge will be
impossible.

For two kinds of gaps, namely r,+r,=0 (needle gap) and
r4+7,=1.6cm. (0.6 inch) (spherical gap), the range of E, has
been determined from Figure 5 and Figure 6, which makes the
tone phenomena possible.

In Figures 7, 8, 9, and 10, two classes of possible areas are
distinguished by their hatchings, one corresponding to dis-

charges at 0<¢<g and the other to §<.¢<7r. That is,

they differ according as the discharge takes place on one or the
other side of the maximum of the fundamental sine wave,

E, sin (wt+¢).

Possible Region: for o<y YN for’ F<gem

F1GURE 7—Alternate Discharge—Rotary Ideal (Needle) Gap

As seen fg'oni'{;hese figures, the possibility range is more
restricted in actual rotary.gaps with spherical electrodes. At

B<w, the possible area is much larger for 0<¢<§ and at

B<w, for §<¢<n’.
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STATIONARY GAP

The limiting condition is somewhat different in stationary
gap operation; and there is only one condition, namely,

_ Rissible Region: 1) for <<, XXX for g

FicURE 8—Alternate Discharge—Rotary Spherical Gap(r,=r,=0.8 cm.)

The possible ranges of E, corresponding to -B— are shown in
w .

Figures 11 and 12. These curves, representing the limit

X Possible Re‘gi'on: V7] for o<f({- » foi- R*(u‘

F1curRe 9—Unidirectional Discharge—Rotary Ideal (Needle) Gap
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(‘Z—i’) =0, have been determined from Figures 5 and 6, and co-

incide exactly with the curves obtained by the author in his
previous paper. ’

Possible Regron: 177770 for ochex, NN for F<pem

F1GURE 10—Unidirectional Discharge—Rotary Spherical Gap (r,=r,=0.8 ch.)

Another limiting factor was considered in connection there-
with, which is reproduced here, for comparison, by the dotted
curves. The possibility areas given on that occasion lie entirely
within the possible range determined in the present paper.

Possitle Region: 7 for k<%, NN For F<p<n

F1GUurRe 11—Alternate Discharge——Statiénary Gap
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Part III. PossiBiLiTy . RANGE OF TONE PHENOMENA IN
THE HicH VoLtage D.C. METHOD

Altho Lieutenant Bouthillon’s solution is made without
neglecting the damping, the author nevertheless regards it as
convenient and important to treat the d. c. operation by a
potential method analogous to that of the above calculation,
even tho some approximation are introduced for the sake of
simplicity. ' :

Fossible Re'gion: ) for o< $<-+ NN for F<g<

Ficure 12—TUnidirectional Discharge—Stationary Gap

The transient term due to one spark discharge is given by®
ta=—BCE,s *'sinpt
es=E, e *!cos <,3t—tan" ;—;)

and the sum of the transient terms becomes

E E, e"“("""T)(cosB(t—}—nT) —tan™! '—l>

n=0 'B
=KE,s ' cos <Bt+0—tan”‘§> (14)
where
1
K= Y
V12 (¢°T) cos B T+ (¢™°T)2 (1)

=P, (cos BT)+¢°" Py (cos BT) 42T P, (cos B T) .
+¢ 3T Py(cos BT)+ . . . (16)
¢ H. Yagi, previous citation.
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—aT _-
and tanf=-% ?nﬁ T a7)
1—e"cos Bt
Hence, if E, is the E.M.F. of the source, the terminal
voltage e of the condenser becomes

e;E,—KE, ¢"‘cos(ﬁt+0—t¢m"1 g) (18)

Curves of ¢ are drawn in Figure 13 for various 8’s assuming
a=0.
From the terminal conditions

(€)tmo=0
alld R (e)‘-r =Eo,
we obtain
E,
7 =Kcosb (19)

o
When BT and E, are definitely given, the assumed form of
regular discharge may occur only at a definite E, as given by:
the above equation. That is, in the case of rotary gaps, which
require T to be constant, only one E, is possible for a given 8.

It must be noted at the same time that a single value of <:—:) or
[4

(Q_e) is determined corresponding to this E, and 8; for
T

di
(%5) = V@ LB KE,*'sin (B1+06)

and (g—f) =BKE,sin0 o (20)

Whether or not the tone phenbmenon is possible at this E,

and (Z_:) has to be decided with reference to the characteristic
o

of the spark gap.

Rorary Gar

(I) After leaving zero potential, the e curve must not cut
across the characteristic curve of the gap before the next dis-
charge, so the same m,; as in the a.c. method gives the upper
limit of ‘E)

at/s

(II) Exactly as in the a.c. method, the negative limit of
(gf)r is given by m; which is the inclination of the tangent
drawn to the hyperbola.
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(III) Asshown in Figure 13, the e curve approaches a straight

line when BT becomes very small. Therefore, <z—§> ‘may
: o

never become larger than m;=%-

)

T A

Ficure 13—Curves of Condenser Potential e with
Regular Discharge—High Tension D.C. Method

(IV) In a.c. operation, the curvature of the e, curve after
a discharge is comparatively small and the positive and negative
limits of <%) were obtained by assuming e, to vary nearly

o

along a straight line.

The same relation does not hold for the e curve in d.c.
operation when (3—:) is negative, because the e curve will

o

soon reach a minimum and reverse its direction, and conse-
quently the same m, cannot be considered to indicate the negative

.. de
limit pf <d—2>o
It was determined by trial that the curve of e will touch

the gap characteristic on the negative side when <Z—f) exceeds

the values m4 shown in Figure 14,
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As this occurs at BT >grr, it does not give rise to any
very serious restriction in practice.

(V) When E, is chosen larger than a - certain value E,,
the point Q in Figure 13 will lie beyond the gap characteristic
and the tone phenomena are impossible beyond E,’, irrespective
of the value of BT. This limit is much higher for a needle
gap than for a spherical gap.
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Ficure 14—High Tension D. C. Method

Z

Fty

/

All these limits are shown in Figure 14. The straight lines
radiating from a point in this diagram show the relation between

E, and <(£3

dt
of BT.
From Figure 14, the permissible E, for tone phenomena

) as given by equation (20) for different values
o
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may be determined at various values of BT both for the case
of a needle gap and that of a spherical gap.

The results are plotted in Figure 15, and Figure 16.

When E, is fixed, E, must also have a deﬁnite value

E, _
Eo" KCOSB(—2EC)’

and whether or not this E, is well suited to tone production
must be checked by these diagrams.‘;‘ If the answer be negative,
E, or the gap ought to be adjusted. -

W R°75',‘l Gap m Sfaﬁonor,y Gap

Fioure 15—D. C. Method—Ideal (Needle) Gap

StaTiIONARY GaP
The special condition for stationary gaps is

de\—
(;,—);0

or, by equation (20) sin >0
i. e.. the tone phenomena are possible within the region
‘ 0<BT<=

272<BT<3x
and no ‘“late sparking’’ is possible for stationary gaps.
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Any value whatever may be assigned to E,, provided that
E, is 80 adjusted that E,=E, K cos 0, or in other words, when E,
is held constant, the tone phenomenon is possible with

c

E,= K cos 6

only.

m Ro'la';l Gap m 'Sfcﬁimar'y G‘f’

F1GuRrE 16—D. C. Method—Spherical Gap (r, =r, =0.8 cm.) (0.3 inch)

TRANSIENT STATE

No attempt is made in this paper to determine the pheno-
mena in the transient state preceding the establishment of
the true tone phenomenon. Nor is it easy to do so, especially
for rotary gap operation. A short survey, at least, will not
be out of place when appended to this paper.

The only condition which determines the phenomena during
this transient state is that “a spark discharge will take place
without fail as soon as the terminal potential difference reaches
the value determined by the characteristic of the spark gap,
no matter what the current at the moment.”

With stationary gaps, this disruptive voltage is constant
and the time interval T between consecutive discharges is
variable. With rotary gaps, T is supposed to be nearly con-
stant, nevertheless, if the solution were developed merely from
the current relations without considering the above-stated voltage
condition, there would be the possibility of an entirely false
assumption, since the discharge might have missed when e
was too small.

Again, the conclusions that regular discharge will follow
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the first spark if the initial current is equal to that corresponding
to the tone phenomenon, and that the tone phenomenon- will
be established automatically regardless of the current at the
beginning of the first charge need to be justified from the
above mentioned voltage condition, because a rotary gap is
not an appliance which guarantees that the spark discharge
shall occur at regular intervals regardless of the potential at
the moment.

The phase relation between the charging oscillation and the
rotation of the rotary gap has an important bearing upon the
matter, and unless the stud comes to its proper position at the
very moment when the potential difference has reached the
assigned value, the events will not.continue as desired.

Figure 17 shows the plainest example of this sort. If, in
this case, E,<V, where V=minimum disruptive voltage of
the gap, then the tone phenomenon has failed to start, and
the main switch or the key must be closed anew at a proper
instant. :

' ‘ Disch rge characferislic of ry ,'\/
LY VA YA
/ EE; \/Cllotyin’q oW \

>

v
|
¥

Figure 17

Thus, in order to work with E, nearly equal to 2E,, V must
be smaller than E,, otherwise some special device is necessary
to start the discharge. On the other hand, it is not desirable
to make E, too much greater than V.

The author has already stated in his previous paper, on the
a.c. method, that unless some special means is provided to
start the discharge in stationary gap operation, E, cannot be
made larger than E,, while it is quite desirable to work with
E, ranging between E, and 2E..
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SUMMARY: The possibilities of securing tone phenomena with the a. c. reso-
nance transformer, spark gap method, and with the high tension d.c. spark
gap method, are considered.

There are treated a.c. rotary spark gaps, resonance transformer effects
on tone production, and the effects produced respectively by needle and
spherical gaps. The results of using rotary, needle, and spherical gaps with
high tension d. c. are also considered.

Finally a brief treatment is given of the transient conditions existing be-
fore the establishment of a stable tone regime.
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