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To all whonmv t¢ may conceri:

lator is to elastically absorb said

Be it known that I, Perer Coorer Hrwrrr, | such manner that 1t will oscillate persistently

a citizen of the United States, and a resident
of New York, county of New York, State of

New York, have invented certain new and use- |

ful Improvementsin Apparatus for Producing

Oscillatory Currents, of which the following

is a specification. |
My invention relates to means for producing

oscillatory electric currents of the general

character employed in wireless telegraphy
and also the radiation of energy thereby.
The invention is useful not only for wire-
less telegraphy, but for other purposes.
The oscillatory electrical currents of the

charged condenseror capacity. Thecondenser
discharge may be oscillatory if R* is less than
47,/C, R being the resistance, Li the induct-
ance, and Cthecapacity. WhereR"1s greater
than 41./C, nooscillations take place. In prac-
tice all losses, including those due to friction,
induction, or radiation, may be included or
Where oscillatory,
the oscillations are in the natural period of the
system as determined by the inductance, ca-
pacity, and resistance thereot, and the persist-

be
inereased by minimizing the incidental fric-
tional or otherlosses. Lossesby radiation are
of course inevitable, since in wireless teleg-
raphy particularly radiation represents the
The internal
frictional losses are detrimental and serve no
useful purpose. Oftheseinternal detrimental
losses that which occurs at the spark-gap is of
considerable importance. Asordinarily con-
structed all of the energy stored in the con-
denser is forced to cross the spark-gap twice,
first in one direction and then in the other,
for each complete wave or oscillation; and the
object of my invention i1s to provide an aux-
iliary oscillator designed, proportioned, and
arranged in such relation to the prime oscil-
lator that the said prime oscillator will trans-

ferto said auxiliary oscillator all or, at least, a

large fraction of the energy of the prime dis-
charge. . The function of the auxiliary oscil-

in its own natural period.

ciliation.

kind referred to are commonly produced by -
the discharge through an inductance of a

The auxiliary os-
cillator has no spark-gap, and oscillations
therein once initiated will persist much longer
than is the case where all the energy must
cross a spark-gap twice for each complete os-
1t 1s obvious that where a unidirec-
tional-discharee device or arrangement, like
my vapor-lamp interrupter, is substituted fov

the spark-gap the advantages of an auxiliary

oscillator such as described are very great,
the auxiliary oscillator being excited or
charged quite as efficiently by a single uni-
directional discharge as it would be by several
oscillations. |

The invention can best be understood by
reference to the accompanying drawings, 1n
which—

Figure 1 is a diagram showing one organi-
sation of apparatus suited to carrying out the
invention, and Figs. 2and 3 illustrate modifi-
cations. Fio. 4 illustrates a special form of
discharge device or spark-gap.

Referrine to the drawings, 1 represents a
transformer whose primary 2 is supplied with
alternating currents of a suitable period-—say
sixty cycles. The secondary 8 is wound to
have the required potential, which may be in
the neighborhood of, say, ten thousand or
twenty thousand volts.  The terminals of the
secondary coil 3 are connected to the conduc-
tors 4 and 5, which constitute a portion of the
secondary circuit.

In Fie. 1 the circuit 3, 4, 5 is completed
through the inductance 10 and condenser 11,
whichare in series with the transformer-wind-
ing and in parallel with each other. This 1s
a well-known form of resonant-circuit, some-
times called an “‘antiresonant” circuit, because
of its peculiar properties. Itisnotnecessary
to enter into elaborate technical description
of the internal reactions of such a circuit n
order to understand my present Invention.
Itis sufficient to say that the inductance branch
10 and the condenser branch 11 together form
a circuit resonant to one critical frequency
and that when the current impressed thereon

| through the conductors 4, 5 is of that partic-
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ular frequency the opposite reactancies of
10 and 11 balance each other in such manner
as to produce a relatively great current-flow
in the circuit 10, 11. TUnder these conditions
the current in 4, 5 is at a minimum.
whole circuit 4, 5, 10, 11 is called ‘‘antireso-

nant” because the conditions ; n 4, 5 are quite
the opposite to what they would be if the in-

ductance 10 and condenser 11 were in series
with each other as well as in series with 4, 5

instead of being, as they are, in parallel with
each other and in series with 4, 5. Insuchan
antiresonant circuit the bmneheg 10, 11 to-
agether offer a great impedance to the passage
therethrough of i impressed carrents of the one
critical frequency to which they are resonant,

~whereas they offer much less im pudfmce (O 1m-

pressed currents of all other frequencies.

By way of illustration, suppose the induct-
ance 10 and condenser 11 of Fig. 1 adjusted
so as to be resonant to a frequency of sixty
cycles and the spark-gap closed. Then it the
generator be run at such a speed as to give a
frequency of twenty-five cycles pmctlmll‘,
all of the current may be made to flow through
the inductance 10, restrained only by a IBL:L-
tively small 1mped.mce of said inductance,
and very little of it will flow through the
condenser 11, which offers a compar atwely
great'imped’ance to currents of such low fre-
quency. Onthe 0"hel hand, if the generator be
rotated at a speed
hundred and twenty-five cvcles—the induct-
ance 10 will offer a relatively great impedance
to such high frequency, whereas for salc fre-
quency the condenser 11 will offer a relatively
low impedance, and most of the current will
therefore flow through the condenser branch.
1, however, the G‘enemtor be rotated atfmpeed
Wh'ch will uwe a frequency of exactly sixty
cycles, (the frequency to which the cireuit 10,
11 1s adjusted for resonance,) then approxi-
mately equal energies may pass in 10 and 11.
The resonant rise of current therein will be
great, and comparatively little current will
flow in 4, 5. This opposition of 10 and 11 to
the passage of currents of a particular criti-
cal frequency, and the resonant rise of cur-
rent of such frequency in S‘le branches 10
fmd 11 are utilized 1mn a very efficient manner
111 the systems shown in Figs. 1 and 2, which
1gures will be recognized as embodwno an
oscﬂlatma circuit 4, 5 with the usual con-
denser 9 and spark-gap 8. The branches 10
and 11 are not made resonant to the sixty-
cycle frequency of the generator, but to the
natural oscillatory pel iod or hequencv of the
circuit 9, 4, 6,7, 10, This is accomplished
by mﬁ,hmo the condensel 11 approximately the
same capacity as the condenser 9 and then ad-
justing the same until the maximum reso-
nance effect 1s obtained.

With such system 1f wireless telegraphy

is the intended purpose the natural
discharge of the circuit may be, for e

period of

The

example, |

[
|'

very m uch hloher —SaYV One -

or across the coil 10.

actions between the condenser and

780,997

one million per second, in which case the fre-

- quency to which the bmndms 10, 11 are reso-

nant and to which they offer gre LL Impedance
and in respone to which th(w develop great
resonant rise of current is the same fre-
quency—namely, one million per second.

The operation of this system of circuits in-
volving my invention may be deseribed some-
what as follows: The alternating current in-
duced in the secondary 3 'Jemﬂ of a fre-
quency ot sixty cycles, the time pmlod of a
half cycle or pulsation in one direction is one
one-hundred-and-twentieth of a second. ltis
evident, therefore, that the rate of (_,hfu oe of
the condenc;el 9 from the secondary 3 is enor-
mously slower than the rate of discharge of
sald condenser through the circuit4, 8, 10, 11,
5. 1t is so slow, in fact, that the potential
rises uniformly througeh the cireuit on each
side of the spark-gap 8 and on the plates of
the condenser 9 without the accumulation of
any appreclable drop across the condenser 11
This slow rise of vol-
tage continues until the spark-gap or equiv:
lent breaks down, permitting abrapt dls-
charge of the condenser 9. As has been ex-
plained, the system is so constructed that the
natural or free discharge period of the con-
denser 9across the spark-gap 8 issubstantially
the same as the period to which the cirenit 10,
11 1s resonant. The equilibrium of the cir-
cuit 10, 11 being thus abruptly disturbed in
accordance with 1ts own time period ab-
sorbs substantially all of the energy of the
discharge of the condenser 9. The oscilla-
tory disturbance being thus initiated, the in-
ductance 10 and the capacity 11 continue
discharging the one into the other until the
energy 1Is dissipated in radiation, frictional,
or stmilar losses. This probable operation
of the systemn may be made evident by consid-
ering that any circuit containing a condenser
and a coil 1s set 1n oscillation when its elec-
trical equilibrium is disturbed either by sud-
den charge or sudden discharge, the disturbed
equilibrinm being restored by oscillatory re-
_ the coil,
which continue until the energy of the dis-
turbance has been absorbed or dissipated.
The cireuit 10, 11 isitself a closed cireuit con-
taining a condenser and a coil capable of such
equilibrium disturbance by sudden charge or
cdischarge, and when thus disturbed equilib-
rium is again restored.

rom the aboveit will be evident that after
the first violent discharge of the condenser 9
practically all of the enerey isabsorbed in the
circuit 10, 11 and oscillates therein after the
manner cdeseribed and that thus the invention
secures persistent oscillations which are not

subject to the great losses incident to forcinge

a discharge- path for the energy acrossa spar -
gap twice for each complete oscﬂla,tlon or dou-
ble vibration. The spark-gap loss is practi-

cally limited to a single discharge in one di-
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rection following each charge of the condenser

9. These prime discharges of the condenser
9 across the spark-gap 8 may be made to suc-
ceed each other with the greatest possible ra-
pidity. Indeed, it would be desirable if they
could be made to follow each other so closely
as to supply fresh energy to oscillatory cir-
cult 10, 11 before the oscillations caused there-
in by the preceding spark had been damped
ott. o

The persistently-oscillatory circuit 10, 11

may be utilized as a source of high-frequency

oscillatory energy in any desired way. For
purposes of wireless telegraphy, for which it
1smore particularly designed, the ground con-
nection 1s led fromone terminal of the coil 10
and the aerial from the other terminal of said
coll. As shown, additional coils or windings
12 are provided 1n inductive relation with the
windings of the coil 10, the two coils together
constituting what is known as an " autotrans-
_ An additional
coll 15 may be added either as a part of the
winding 12 or as a separate coil, and this may

be utilized for adjusting the emitting-wire 13,

10, 12, 15, 16, sothatits natural period of oscil-
lation will be the same as that of the circuit 9,
4, 8, 10, 5. This condition may be approxi-

mated by making the entire length of the wire

and windings 13, 10, 12, 15, 16 of a physical
length slightly less than one quarter of the
length in either of a wave having a time period
equal to the time period of the oscillations in
9, 4, 8, 10,5 or 1t may be an odd multiple of
such quarter wave length. Synchronism of
the circuits may then be perfected by adjust-
ing the inductance of 15 until the maximum
effect is observed.

It will be seen that the broad principle of
the above arrangement involves elastic ab-
sorption of the condenser discharge in an aux-
tliary part of the system, thereby decreasing
the. potential available at the terminals of the
spark-gap or equivalent discharge device to
such an extent that after the first spark the
potential at that point will not again reach
the critical value necessary to disrupt the di-
electrie.  As has been explained, even as ar-
ranged in Kig. 1 there will besome tendency to
activity of the circuit 9, 4, 6, 5 even after the
first spark; but this may be still further de-
creased by making the connected open circuit
13, 10, 12, 15, 16 a good oscillator, which of
course means a circuit of low resistance and
capable of holding in the form of electrifica-
tlon o) magnetization a considerable amount
of energy. -Of course all energy passing into
this circuit 13, 12, 15, 16 whether radiated
from 16 or retained inan oscillatory state rep-
resents the load on the primary circuit 10, 11
and decreases the electromotive force avail-
aole to sustaln unnecessary activity ot the
condenser-circuit 9, 4, 8, 5. The amount of
energy that can be held 1n 13, 12, 15, 16 may
be greatly increased by making the electrical

3

length of sald circuit an odd multiple (as, say,
three-fourths)of the wave length, though for
wireless - telegraph purposes it 1s usually
preferable to make this length one-fourth
rather than three-fourths.

When the emitting-circuit i1s made three-
fourths of a wave leneth, the coils 10, 12, and
15 mayv be so proportioned that together their
capacity and inductance would give a time
period to the oscillation equal to one-quarter
of a wave length, 10, 12, being in inductive
relation, then they will form a true resonant
circuit and oscillate freely. The ground con-
nection 13, 10 will be made equal to a second
one-tourth wave length and the emitter 16
equal to a third one-fourth wave length, mak-
ing three-fourths altogether, though an equiv-
alent arrangement would be to make 15, 16 to-
oether a quarter of a wave length.

Another way of makine the emitting-cir-
cult a persistent oscillator capable of elastic-
ally absorbing and holding in the form of
electrification or magnetization a sufficient
amount of energy to render the discharge of
the prime condenser 9 or its equivalent 9* 9"
incapable of continued oscillation across the
spark-gap 1s shown in Fig. 3, wherein a sec-
ond inductance 20 1s employed in the parallel
to 10. This inductance 20 1if of substantially
the same resistance as 10 and 1f arranged in
non-inductive relation with respect to 10 may
be so proportioned as to capacity and induct-
ance as to elastically absorb an amount of
energy substantially equal to that taken by
10. By properly adjusting the lengths ot 20,
17, 21 the oscillation thereof may be made to
correspond and synchronize with those of the
rest of the system, particularly 1f 10 and 20
are so wound as to have considerable mutual
capacity between the turns. The precise ad-
justment is best found by trial. With such
parallel inductance-colls used in connection
with a very large capacity radiator, such as
shown at 16, the emitting system 13, 21, 17, 20,
10, 12, 16 may be made to absorb a sufhciently
large fraction of the encrgy of the discharge
of the prime condensers 9" 9° as to render the
spark -discharge non - oscillatory. This ar-
rangement, likethe others, is particularly use-
tul in connection with the unidirectional va-
por-lamp discharge device, and also with the
spark-gap 16 1s usetul, for even if the propor-
tions are not such as to prevent some oscilla-
tionsacrossthe spark-cap they will, neverthe-
less, store up a considerable fraction of the

energy, and thus decrease spark-gap losses

even though not preventing them altogether.

Theaction of inductance 20 may be account-
ed for in several ways. By being in parallel
with inductance 10 1t enables the adjustment

of the inductance of the circuit without touch-

ing other parts of the apparatus—by making
the inductance 10 equivalent to a smaller in-
ductance, inasmuch as the two are in parallel.

- Further, the loss from 20 will be very slight
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and will again react on the circuit, as its en-
ergy 1s not absorbed by the circuit at the
same time as the inductance 10, inasmuch as
20 1s out of 1nductive relation with the re-
maining portions of the circuit, althougeh 1t
may ald in maintaining suitable phase rela-
tions.

1t will be noted that one skilled in the art
will be able to practically employ the imduct-
ance 20 whatever may be its theory of action,
because the proper proportion thereof can
best be determined by adjustine the same
until the maximum effect 1s observed.

In Fie. 2 a modified arrangement is shown
wherein the spark-gap 8 1s located in a posi-
tion corresponding to that of the condenser 9
in Fig. 1, and the condenser 9* 1s located 1n a
position coue&pondinw to that occupled by
the spark-gap in said Fig. 1. A second con-
denser 9" is placed sy mmuucal]v with the

condenser 9°.  The location and function of
the 1nductance 10 and condenser 11 1s the
same as 1n Kie. 1, and as in said figure they
form a closed circuit having the same natural
neriod as the cirenit 9, 10, 9“ 7,8,6. InFig.
9 the secondary wmdmo n 11’1{]11(%1&*0 I elahou
to the primary 10 is made separate from the
latter, after the manner of the more usual or
conventional form of transformer construc-
tlon, although the arrangement emploved 1n
Fie. 1 may be employed, 1t desired. In this
system the emitting-circuit 13, 12, 13, 16 1s
adjusted to synchronism with the oscillatory
circalt 10, 11, as in the arrangement of Fig. 1

As there 1s difficulty 1in practice 1n adjust-
ing the primary circuit to be exactly in tune
with the secondary circuit, I usually prefer
to so adjust the circuits that the primary os-
cillations shall tend to be shorter rather than
longer than those of the secondary cirveuit.
Where the secondary circuit is freely oscilla-
tory, 1t tends to hold and bring the primary
circuit into 1ts own period. The tendency

will then be for the secondary circuit to main- |

tain its own period and to cause the primary
circult to adjust itself to that period, causing
1t to deliver its energy at the proper times.
By having the secondary circuit oscillatory

and approximately in tune with the period of

the primary circult I am cnabled to accumu-
late an enormous amount of oscillatine elec-
trical energy 1n the secondary or (;IICSCh{IIUO
circult when the secondary circuit is of such
capaclty and 1nductance as to give the maxi-
mum resonant rise at 1ts terminal, and there-

tore to secure a corresponding radiation of

energy from the emittine-cireuit.

1t -will be understood that various forms of
spark-gaps or discharge devices 8 may be em-
ployed. In practice I have found that a de-
vice of the general character of the gasor vapor
electric apparatus described in certain patents
issued to me on the 17th day of September,
1901, when adapted to this purpose may well

serve the purpose.

L5 | 780,997

In Kig. 4 I have indicated a discharge de-
vice 8¢ comprising an electrode 6% which may
beot any suttable material-—such, [01 mstance,
as mercury—and an electrode 7% here repre-
sented as being of mercury, both inclosed in
o suttable air-tight vessel previously exhaust-
ed and containing a rarefied atmosphere of
mercury. I have found that such a device,
while opposing a very high initial resistance,
will permit a discharge ander the influence of
a high difference of potential, and thrﬂ resist-
ance between the electrodes 6" and 7T will al-
most 1nstantly fall to a very low resistance
upon the passage of aspark, therchy quickly
draining the circuit, thus creating a very sharp
and effective oscillation,and, further, the high
initial resistance will reassert itselt after the
discharge of the condenser, thus necessitating
1ts recharge.

I claim as my invention —

The combination of acircuit comprising
a source of currents, a condenser or 148 equiv-
alent and discharge device connected 1n shunt
upon said source, an inductance 1 the dis-
charge-circuit ot the condenser, a condenser
in shunt upon the inductance, and an emit-
ting=-circeult, a portion of which 1s 1in inductive
relation to said inductance.

2. The combination with a source of cur-
rents, a discharge device connected with the
respective terminals of such source, a con-
denser connected in parallel with the discharge
device, an inductance traversed by currents
from the condenser, a second condenser n
shunt upon the inductance, adjusted to have
with the inductance an oscillatory period ap-
proximately the same as the oscillatory period
of the circuit of the first-named condenser.

3. The combination with the emitting or sec-
01‘1(1&1 v circult of a wireless- telearaph w%tom
having a given oscillatory period, of a pri-
mary circult having a natural (Jaulla,tm vV pe-
riod slightly less L]l‘LI] that of the . emittinge-
clreutt.

4. The combination in a wircless-telegraph
system, of an emitting-circult having a given
oscillatory neuod of an exciting primary cir-
cult, comprising a discharge dovi lce, Q4 con-
denser 1n parallel therewith, and a subsidiary
oscillatory circult of approximately the same
period as the primary oscillatory circuit whose
connections are independent of the discharge
device, whereby oscillations of that portion of
the primary circuit affecting the sezondary or
emitting cireuit may talke place independently
of oscillations through the discharge cevice.

| The combination with the secondary or
emitbing circult of a wireless-telegraph irans-

mission system, of a prunary or excibing cir-
cuit including means for establishing pericdic
discharges through the circuit, and a subsili-
ary oscillatory circuit of approximately tae
same period but free to oscillate independent'y
of the means for establishing the periodic dis-
charges.
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6. In a wireless-telegraph system, the com-

bination of the primary oscillatory circuit, of

a vapor or gas discharge device consisting ot
an inclosing chamber, two electrodes and an
intervening gas or vapor of a conducting sub-
stance, whereby sudden passages of current-
flow are permitted.

7. The combination of a primary oscillatory
circuit, a discharge device for creating oscil-
lations therein, comprising a gas or vapor de-
vice of the character described, and a subsidi-
ary oscillatory circuit of approximately the
same period freely oscillatory independently
of the discharge device. | .

3. In a wireless-telegraph system, the com-
bination of a primary oscillatory circuit con-
taining an inductance, a secondary or emitting
circuit in inductive relation thereto, and an
adjustable inductance in shunt upon the first-
named inductance, as and for the purpose de-
seribed. a |

9. The combination of a source of alternat-
ing electric currents, a capacity in shunt there-

O

on, a discharge device consisting of a conduct-
ing eas or vapor device, having an initial |
resistance, and a subsequent low resistance, 1n
shunt upon the capacity, and a secondary eir-
cuit having inductive relation to the primary
circult. -

10. The combination of a transformer, a ca-
pacity, an interrupter, an inductance in oscil-
latory relation, and a secondary circuit tuned
to one-quarter of a wave length, or a multiple
thereof, in such relation that the energy ab-
sorbed by the secondary will prevent the re-
turn impulse of the primary circuit from pass-
ing through the interrupter by reason of 1ts
transferred energy. ﬁ

Sioned at New York, in the county of New
York and State of New York, this 4th day of
February, A. D. 1903.

PETER COOPER HEWITL.

Witnesses:
W H. Carrr,
Prroy H. TronAaS.
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