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To all whom it may concern!

Be it known that I, Exwsr F. W. Arexan-
pERSON, a citizen of the United States, resid-
ing at Schenectady, county of Schenectady,

5 State of New York, have invented certain
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new und useful Improvements in Wireless
Signaling Systems  (division of my prior
application, Serial No. 92,156, filed April
19, 1916), of which the following is'a speci-
fication. »

My present invention relates to wireless
signaling systems, and more particularly to
& system in which means is provided “for
overcoming the effect of static disturbances
in the receiving instruments.

Ilectrostatic disturbances occur continu-
ously in the atmosphere, sending out electro-

. magnetic waves of varylng ireguency, which
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will in the description Swhich follows be
referred to as strays. These waves are ab-
sorbed by the receiving antenna and among
the variety of waves absorbed there are al-
ways some which are in resonance, That is,
which have the same length as a signal
which is to be received and consequently
act upon the receiving devices in the same
way as the signal. Having analyzed this

condition both mathematically and experi--

mentally, T have come to the conclusion that
2 fundamental rule must be the basis of
any device used for decressing the bifect of
ic disturbances. Amny discrimingtion be-
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tween these two waves. If the strays were
like the signals both in. frequeuwcy and
amplitude variation, and in addition to that
sironger than the signals, there would be
no way conceivable for discriminating be-
tween one and the other. The longer the

period is during which the strays and the

signsling waves can be compared, the
cveater is the chance for finding a distin-
cuishing difference in the sequence of ampli-
fude variations if in nothing 1o order
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else:
1 device be effective fo
eninst strays, it should, thex
d so that the wave traing
ished by comparing their character for
sufticiently long periods. The receiving de-
vices which are at present used comrner-
cially are constructed so as to advan-
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tage of this law to a certain extent by us-
ing a highly resonant receiving circuit on
which the signal can be allowed to act for
a considerable number of successive alterna-

tions. The reason why these devices do not’

entirely discriminate against strays is the
fact that the receiving anbenns 1is set in
oscillation by static shocks and stray waves
of short duration and thus the $ime during
which the disturbances can act upon the re-
ceiving device is prolonged to about the
same degree as the signal.

One of the objects of my invention is to
provide 2 means for prolonging the time
during which the signal can act with ac-
camulative effect on the receiving device
considerably beyond the time during which
disturbances can act. . :

In attaining this object T make use of 2
tuned circuit of lower than radic frequency,
but- above audibility, for eifecting the pro-
longation of the time during which the signal
and distarbances may be compared. The de-
sived lower frequency is provided by meansof
interference beats between two radie frequen-
cies. Both of these frequencies may be pro-,
duced at the sending station, or ons of them
may be produced at the receiving statiou.
1 also provide means for producing, trans-
mitting and veceiving both radio freguen-

‘eles. An arrangement of this kind is more

effective tlian one employing a single radio
frequency because it is more selective and
proof against interference, both frequencies
being necessary to produce an injpression In
the receiver. Also when means s provided
at the sending station for establishing the
beat frequency a less delicate adjustment of
frequency is necessary than when the beat
frequency is the result of the difference be-
tween two high freguencies. A further ob-
ject of my invention is to provide means for
efficiently producing signals of the desired
charvacter. ' )

The features of my invention which T be-
Heve to be patentable sre pointed out with
particnlarity in the appendsd claims. The
inventicn itself, however, together with
Farther objects and advantages thereof, will
best be understood by reference to the fol-
lowing description taken in connection with
the accompanying Grawing in which Figs.
b

1, 2 and 3 illustrate different roodifications
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of the circuil econmestions which may be

cemployed in trafemitting signals in aéeord-
ance with my inmvention,

In the form of Sransmitting
shown in Fig. 1, tn alternstor 1
curremt of radio fitquency o the
2 through ihs
Fhis alternator iz designed ¢ furnish corn.
tinuous waves of o definite freguency and
amplitude. Instead of trafsmitting the sig-
nals By waves of this nature, however, [
produce smplitude pulsations in the waves
supplied by the hlternator of such o nature
that the resulting wavs msay ke resolved
nte two waves ef different frequencies
which may be

antenns
coupling  fransformer” &,
i 4

transmitted simultanecusly.

Am ordér to -accomplish this. I divide the
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¢ actions are opposite.
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antenna civcuit into two branches nid in

these branches connect the windings of two-

aagnetic controllers or amplifiers 4 and 5.
“fach of these branch circaits include half
of the secondary of transformer 3, the mid-
dle point of which is grounded. The mag-
nelic controllers or amplifiers which I pre-
for to use in the present case, both as to
their comstruction and method of opera-
tion, are described in defail in my Letters
Patent of the United States, 1,328,797.
Hach controller comprises a reactive wind-
ing comsisting of two coils & and 7 wound
upon independent magnetic cores 8 and 9.
The two coils of each winding are connected
in' perallel with each other in the cireuis
and are so arranged that their magnetizing
Fach magnetic con-
troller is alse provided with two controlling
windings 10 and 11 wound around the mag-
netie cores 8 and 9 ag indicated,sso that
magnetization produced by ecurrenis in the
controlling windings wiil be in the same di.
reciion i poth coras. Controlling windings
11 are both supplied from the same source
of current, which in the present case may be
an slternator 12 of much lower frequency
than that of alternator 1, yet having a fre-
quency above the range of audibility., Con-

trolling windings 10 are supplied with direct
current from any suitable source, such, for.

example, as the direct current generator 13
shown in the drawing. The controlling
windings 10 are so. connected to the genera-
tor 18 that their magnetic effects upon the
two controllers are opposite with respect to
the instantaneous magnetic reactions set up
in the controllers by current from generator

12. The controlling windings 10 and 11
are se proportioned and the current sources

1% and 13 so chosen and adjusted that the
maximum ampere turns of winding 11 is
aprioximetely equal to the ampere turns of
he contre
controlier 4 will have a maximum of con-
trolling ampere turns when the controlling
ampere turns of controller 5 are practically
zero and vice versa., The characteristic of

iterposes an impedance substantially
‘alent to am open circuit .in the connection

-than that of the siternator 1

ng winding 10. As a result the

1,465,568

the controllers 4 and 5%are such that the im-
pedance of each high frequency winding 8
and ¥ varies between practically open ci
cuit and short circuit when the controlling
ezcitation varies from zsre to maximum.
Thus when the ‘current wave of controlling
alterfiator 12 is 5 wmaximum one of the con-
teplleys acts as a short cirenit connecting
the antenna to one terminal of ilhie secondary
of-transformer 3 while the other controller
i equiv-

to the other terminal, After the phase of
the controlling current wave supplied by
alternator 19 i changed 180 electrical de-
grees the other comtroller acts as a short
circuit and the first as an open circuit, thus
reversing the polarity of the radio frequency
current led io the antenna. At in‘erme.
diate poinis the voltage varies between.these
two extremes in accordance with the sine
wave law. The current wave thus supplied
to the antenna has an amplitude pulsation
substantially in accordance with the sipe
wave law and the impulses in avery other
group- of waves are opposite in bhase to

-corresponding impulses in the intermediate

grou’ips of waves. The frequency of these
amplitude’ pulsations is egual o the fre-
qaency or a muliiple of the frequency of the
alternator 12. For a description in greater
detail of the operation of this arrangement
reference may be had to my United States
Patent 1,388,830. :

The wave thus produced in the antenna
may be resolved into two waves of constant
amplitude, one having a { equency greater
by an amount
equali to the frequency of alternator 19 and
the other having g frequency as much lower
than that of the alternstor 1. If either one
of the magnetic amplifiers 4 and 5 wers nsed
2ione it would be possible to transmit from
a single antenna waves of any one of three
frequencies and by providing muliiple tun-
ing of the anterns waves of tWwo or mnore fre-
guencies may be transmitted simultaneously.
¥or example, the variable inductance 14 may
provide for one tuning and the variable con-
denser 15 in shunt to inductance 16 may pro-
vide for a second tuning at a different fre-
quency. 1If, for éxample, alternator 1 has a
frequency of 75,000 cycles and alternater 19,
5000 cyeles, the antenna may be tuned for
80,000 and 75;000 eyeles; 80,000 and 70,000
cycles, or 75,000 and 70,000 cycles. By provid.
ing a third tuned circuit in multiple wath
the antenna all three frequencies may be
transmitted -simultaneously. When hoth
magrietic amplifiers ave used in the manner
described, the current component of funda-

‘mentad frequency is suppressed and the an-
‘tenna will be tuned for

the two frequencies
into which the resultant wave may- bhe re-
solved, that is, one frequency higher than
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that of the alternator 1 by an amount equal
to the frequency of the alternator 12 and
the other frequency as much lower than that
of the alternator 1. Variable condensers 17
may be connected in series with the windings
6 and 7 of the controllers to neutralize the
leakage inductance in the windings thereof
s0 as to bring the minimum value of the im-
pedance as near as possible to a short cir-
cuit. It may alsc be desirable to employ con-
densers 18 in series with each branch of the
high frequency winding of such a value that
‘they offer very little impedance to the flow
of the high frequency current from alter-
nator 1, but a high impedance to currents of
the frequency of alternator 12, which may
be induced in the closed circuit formed by
the two windings 6 and 7.

With the system which has been described
above, in order to produce the amplitude
pulsations of current, the output delivered
by the alternator 1 to the antenna must be
periodically varied between a maximum and

5 minimum. As a result the energy output

which can bé obtained from the alternator
is less than it would be if it delivered full
power continuously. To overcome this dis-
advantage an oscillating circuit may be pro-
vided which is capable of storing up consid-
rably more energy than the alternator must
give out during one period of the amplitude
palsations. By this means energy may be
stored up in the oscillating circuit when the
energy talen by the antenna is 2 minimum
and when the energy taken by the antenna
is' a maximum energy may be drawn me-
mentarily from the oscillating circuit at a
greater rate than the alternator is able to
deliver. In the present case the oscillating
energy storage circuit may be made up of
the primary of transformer 3 and con-

‘denser 19.

In order to transmit telegraphic signals by
the system described a key 20 may be inserted
in the circuit of alternator 12. When this
key is open the impedance of the two con-
trollers 4 and 5 will be equal and since they
are connected in opposition to each other no
current will be supplied to the antenna.
When the key is closed currents having am-
plitude pulsations will be supplied to the an-
tenna in the manner described. o

In Fig. 2 T have shown an organization in
which a single magnetic controller 21 is em-
ployed to secure the desired frequency split-
ting. In this case a single controlling wind-
ing 22 is shown and the alternator 12 is con-
nected to the winding in series with & hat-
tery 28 having a potential substantially the
same as that of alternator 12. The controb-
ling windings 6 and.7 of this controller are

_ connected in shunt to the se~ondary of trans-

former 8 instead of in series as in the ar-
rangement shown in Fig. 1. An oscillating
energy storage circuit comprising inductance

24 and condenser 25 connected. in shunt to

the secondary of transformer 8 functions in
a manner similar to that of the energy stor-
age circuit described in connection with the
arrangement of Fig. 1.- Two different an-
tenna tunings may be secured by means of
the variable inductance 26 and the variable
condenser 27 and inductance 28 in shunt to

portion of inductance 26, ‘

In Pig. 3 T have illustrated another modi-

fication in which the circuit which provides
the second tunivig for the antenna is also
utilized as an energy storage circuit: Con-
troller 5 in this.case is connected in serles
with the anténna and controller 4 in a cir-

cuit in shunt to the secondary of transformer

The main antenna tuning is made by
means of variable inductance 30 and the
gecond tuning by variable condenser 31.
This condenser in connection with jnduc-
tances 82 forms an energy storage circuit.
When controller 4 forms a short circuit if
the phase relations of the curre;:ts are prop-
erly adjusted energy will be delivered to the
storage circuit by means of transformer 33
and when controller 5 forins a short cirenit
energy will be delivered to the antenna from
the alternater and the storage circuit.

While I have indicated only three dif-
ferent circuit arrangements whereby my in-
vention may be carried into effect it will be
apparent that many modifications may be
made in the specific apparatus and the man-
ner in which it is employed without depart-
ing from the scope of my invention as set
forth ih the appended claims. ,

What I claim as new and desire to secure
by Letters Patent of the United States, is:

1. The method of producing an electric
current wave of radio frequency having
amplitude puisations in which the impulses
of alternate amplitude pulsations are oppo-
site in phase to corresponding impulses of
intermediate amplitude pulsations which
consists in continuously delivering current
from a source of radio frequency to a suit-

.able electric cireuit, varying the amplitudes

of the impulses of current thus delivered,
periodically reversing with respect to said
source and with a frequency corresponding
to the desired frequency of the amplitude
pulsations of the wave, the direction of cur-
rent flow in the cireuit storing up emergy
from the current source in a second resonsnt
civeuit when the amplitude of the enrrent de-
livered is smaller than that which "the
source is capable of delivering normally, and
delivering the store:l up energy to the first
eireuit when the amplitede of the current
flowing therein increases beyond that nor-
melly furnished by the current source.

2. The method of producing an eletiric
current wave which is the equivalent of two
electric current waves of different frequen-
cles and -0f constant amplitudes which con-
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 sists in continuously-supplyis

1,46

F darrent from
2 gouree of radic frequency %o & suitable
eleciric circuit, varying the amplitudes of
the pulsations supplied to said civenit in such
2 .way as to produce a curront wave with
regularly recurring amplitude pulsations
and which can be resolved into two electrie
waves of different frequencies and constans
frequencies and constant amplitudes, storing
up energy from the current source in a see-
ond resonant circuit when the amplitude of

Qo

the current delivered to the fivst cireuit is

" smaller then that which the scurce is capable
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of delivering normally, and delivering this
stored up energy to the first circuit when
the amplitude of the current fowing therein
increases beyond that normally furnished by
the current source.

3. The method of transmitting signals
which consists in producing currents of two
diffierent radio frequencies from a single
source of current of radio frequency by first
producing from said scurce a carrent having
amplitude pulsations of uniform chrracter
in which corresponding impulses of any two
adjacent groups of amplitude pulsations are
apposite in phase and then conducting the
cerrent thus produced through a cireuit hav-
ing ftwo branches which are resonant io the
two ivequencies desired whereby the curvent

will resolved’ into two currents of con-
stant.nmplitude and the freguencies desired

and utilizing the two currents thus produced
for the transmission of signals.

4. The method of transmitting signals
which consists in producing currenis of two

different radio freguencies from a single
1

suitable electrie cireuit, uniformly varying
the amplitudes of the impulses of current
thus delivered to produce n current wave
having amplitude pulsations of & lower fre-
gtiency than that of the source above aundi-
bility, and then conducting the current thus
produced through & circuit having two
brancheés which are vesonant to the two fre.
quencies desived whereby the current wave
will be resolved inte two currents of con-
stant amplitude and of the frequencies de-
sired and utilizing the two currents thus
produced for the transmission of signals.
5. The method.of producing currents of
two different frequencies from s single
source of current of radio frequency which

consists in delivering curment from. said

source to a .suitable electric cirvenit, uni-

formly varyving the amplitude of the im-.

pulses of current thus deliversd to produce
a current wave having amplitude pulsations
of a lower frequency than thas of the source
but abave andibility, storing up energy from
the current source in a second resonant~cir-
cuit when the amplitude of the current de-
livered is smaller than that which the souree

5,008

is capable of delivering normaliy, deliver-

ing the stored up energy to the first circuit

when the armaplitude of the current flowing
therein increases beyond that normally fur-
nished by the current source and conducting
the current thus preduced throngh a circuait
having two branches which are resonant o
the two.  frequencies desired whereby the
current wave wiil be resolved into twe cur-
rents of constant amplitude and of the
frequencies desired. .

electric cur-

aving

6. Means for producing an
rent wave of radie freguency i

plitude pulsaiions in which the impulses of
alternate amplitude pulsations are opposite
in phase to corresponding impulsss of nter-
mediste pulsetions; comprising & source of
continuous current of radie freguency, an

B~

electric eireuit connected thereto, means for

varying the amplitudes of the impulses of
current delivered to said eircuit, meams for
periodically reversing with respect to tho
curvent source snd with a freguensy cor-
responding to the desired frequency of the
-amplitude pulsations of the-wave, the di-
rection of curzent flow in thé circuit, s sec-
ond rasonant cirenit sssveinted with the fres
circuit for storing wp energy from the cur-

tent source when the. curtent fowing in
the first cirewit is smaller than ot waich

the sotrce ig eapable of delivering novmally,
and delivering enmergy o the first circuit
‘when-the amplitude of the current flowing
therein increeses beyond thet noriielly fur-
nished by the current sourcs. .

. 7. Means for producing an idetvic cur-
rent wave which is the eguivalent of {wo.

electric current waves of difforsnt freguen-
cies and of comstant amplibudes, ompris-
ing # source of continuous cusrent of radio
freguency, an elsctric circait associeted
therewith, mesas for nniformly varying the
arpplitudes of the pulsations supplied to
sald circuit in such o woy as to produce s
current wave with regularly recurring sm-
plitude pulsations, and 2 second rssonant
circuit associabed with the first cireuit for
storing up energy from the current source
when the amplitude of the current delivered
therefrom to the first cirenit is smaller thap
that which the source is capable of deliver-
ing normally, and delivering energy io the
first circuit when the amplitude,of the cur-
rent flowing therein is greater than that nor-
mally furnished by the curremt source.

8. Means for transmitling signals com-
‘prising means for producing eurrents of
two different {frequencies comprising a
single source of current of radio frequency,
an electric ecircuit associated therewith,
means for -delivering to said cirenit a cur-

rent having amplitude pulsations of uni- .

form character in which corresponding im-
pulses of any two adjacent amplitude pulsa-
-tions are opposite in phase, said electric cir-
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cuit having two branches which are reso-

-nant to the two frequencies desired whereby

the current furnished thereto may be re-
solved into two currents of constant am-
plitude and of the frequencies, desired and
means for utilizing said currents for the
transmission .of signals.

9. Means for transmitting signals com-
prising means for producing currents of
two different radio frequencies comprising a
single source of current of radio frequency,
an electric circuit associated ‘therewith,
means for uniformly varying the ampli-
tudes of the impulses of current delivered
to said circuit to produce a current wave
having amplitude pulsations of a lower fre-
quency than that of the source but above
andibility, said circuit comprising ‘two
branches which are resonant to the two fre-
quencies desired whereby the current wave

stant amplitude of the frequencies desired
and means for utilizing currents thus pro-
duced for the_transmission of gignals.

10. Means for producing currents of two

- different radio frequencies comprising a

30
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single source of current of radio frequency,
an electric circuit. associated therewith,
means for uniformly varying the ampli-
tudes of the impulses of current delivered
to said circuit to produce a current wave
having amplitude pulsations of a lower fre-
quency than that of the source but above
audibility, said circuit comprising two
branches which are resonant to the two fre-
quencies desired, whereby the current wave
may be resolved into two currents of con-
stant amplitude and of the frequencies de-
sired, and a second circuit associated with
the first which is resonant to the frequency
of the current source for storing up energy
from said source when the amplitude of the
current delivered is smaller than that which
the source is capable of delivering normally,
and delivering energy to the first circuit
when the amplitude of the current flowing
therein increases beyond that normally fur-

- nished by the current source.

50
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11. The combination in a system for
transmitting signals of a source of high fre-
quency current, an electric circuit associated
therewith, a source of controlling current
of lower frequency than the first mentioned
source, means for alternately diverting by
means of said controlling current the effec-
tive path for the flow of current in said

" trollin
may be resolved into two currents of con-

circuit from one terminal of said source
to the other terminal thereof at a frequency
corresponding to the frequency of said con-
trolling current, and a signaling device in
circuit with said source of controlling cur-
rent. 1’

12. The combination in a system for
transmitting signals of a_source of high
frequency current, an electric circuit asso-
ciated with said source, a source of control-
ling cuirent associated therewith of lower
frequency than the first mentioned source,
electromagnetic means operatively related
to said circuit and operable by means of
said controlling current for changing the
effective path for the flow of current in said
circuit from one terminal of said source to
the other terminal thereof, and a signaling
device in circuit with said source of con-
current. .

18. The combination in a system for
transmitting signals of a source of high

{requency current, an electric circuit in-

cluding two parallel paths.for the flow of
current, said two parallel paths being elec-
trically associated at one end with opposite
terminals of said source and electrically
connected together at the opposite end, a
source of controlling current of lower fre-
quency than the first mentioned source
means for varying the impedance of said
parallel paths in accordance with varia-
tions in said controlling current and a sig-
naling device in circmit with said source
of controlling current.

14. The combination in a system for
transmitting signals of a source of high
frequency current; an electric circuit includ-
ing two parallel paths for the flow of cur-
rent, said two parallel paths being elec-
trically associated at one end with opposite
terminals of said source and electrically
connected together at ‘the opposite end, a

source of controlling current of lower fre-

quency than the first mentioned source, a
magnetic controller associated with each of
said parallel paths, means for varying the
impedance of each of said magnetic con-
trollers in accordance with variations in
said controlling current, and a signaling
device in circuit with said source of con-
trolling current.

In witness whereof, I have hereunto set
my hand this 13th day of July, 1918.

ERNST F. W. ALEXANDERSON..
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