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To all whom it may concern. 
Be it known that I, LLOYD EspeNsCHIED, 

residing at Queens, in the county of Queens 
and State of New York, have invented cer 
tain Improvements in Plural Modulation 
Systems, of which the following is a speci 
fication. 
This invention relates to the transmission 

of telegraph, signals and more particularly 
to transmission of telegraph signals by so 
called carrier currents. 
One of the objects of this invention is to 

narrow the band of frequencies employed in 
transmitting telegraph signals by carrier 
waves in a system in which modulation takes 
place by a plurality of steps. 
Another object of the invention is to sup 

press the transmission of carrier waves dur ing certain signaling conditions, by taking 
advantage of the property of a vacuum tube 
whereby when operated upon any non-am 
plifying portion of its characteristic it will 
function to practically prevent the trans 
mission of carrier currents supplied thereto. 
Another object of the invention is to pro 

vide for the transmission of signals formed 
by direct current pulses by suppressing the 
transmission of carrier waves during the 
steady state condition of the pulses and only 
transmitting carrier waves during 
change from one steady state to another. 
A further object of the invention is to sup 

press, in a system for translating so-called 
direct current signals into carrier waves, the 
direct current component of the signal and 
transmit only the alternating current com 
ponent. w 

Other and further objects of the inven 
tion will be clear, from the following de 
scription when read in connection with the appended drawing, in which Figures 1 and 
2. represent circuit diagrams of two forms 
of transmitting arrangements which may be 
employed in connection with the invention, 
Fig. 3 of which is a diagram of a receiving 
arrangement to be used in connection with 
the transmitting circuit of Fig. 2, and Figs. 
4, 5, 5, 5, 6, 6, 6, 77 and 7 are curves illustrating the operation of the modulator 
employed. 

eferring to Fig. 1, L. designates a trans 
mitting circuit over which telegraph or 
other direct current signals may trans 
mitted. The circuit L terminates in a trans 

the 

mitting relay, TR, which controls the appli 
cation of potential from a battery C to the 

55 

grid of a modulator M, of the well known 
vacuum tube type. A grid battery C is con 
nected between the filament and grid of 
the modulator M, through a resistance 10, thereby giving the grid a normal potential, 
S9 as to cause the tube to operate upon a de 
sired part of its characteristic curve, in a 
manner more fully described hereinafter. 

In order to narrow the band of frequen 
cies involved in the transmission of ordinary 
direct current signals such, for instance, as 
telegraph signals, a filter LF is included in 
the input circuit of the modulator, as indi 
cated. This filter is preferably a low pass 
filter of the type disclosed in the United 
States Patents to George A. Campbell, Nos. 
1227,113 and 1227,114, issued May 22, 1917. 
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An ordinary direct current signal having a 
sharp wave form and recurring at a fre 
quency of say 50 cycles per second actually 
represents a frequency band of considerable 
width and the impressed wave may be ana 
lyzed in accordance with Fourier's theorem 
into a series of harmonics of the fundamen 
tal frequency of say 50 cycles. In order to 
transmit the signal it is not necessary to 
transmit all of these harmonics, the extent 
to which they may be eliminated being de 
pendent, among other things, upon the type 
of receiver employed, a wave-recording type 
of receiver, such as the photographic or 
siphon recorder, for instance, requiring a 
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less sharp wave and, therefore, the trans- . 
mission of fewer harmonics than a relay type of receiver. Consequently, by properly 
esigning the filter LF as to its upper cut 

off frequency, all of the harmonics above a 
given frequency may be eliminated, thereby narrowing the band of frequencies which it 
is necessary to transmit in order to repro 
duce the signal. It will always, be necessary 
to transmit at least the fundamental or dot 
frequency, so that the limit to which this 
expedient may be extended will be to elimi 
nate all of the harmonics and retain simply 
the fundamental, 

The modulator M, may be supplied with 
carrier waves from a suitable source G. 
which is illustrated as being a vacuum tube 
oscillator. The frequency of this source 
should not be too high as compared with the 
frequency to be transmitted through the 
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filter LF, for the reason that the side bands 
resulting from modulation should be sepa 
rated by a sufficient amount relative to the 
carrier frequency to permit of the selection 
of one side band to the exclusion of the 
other. i. 

In order to select one of the side bands, 
say the upper side band appearing in the 
output circuit of the modulator M, a filter 
ing arrangement F, is included between the 
modulator M, and the next translating ele 
ment of the circuit. This filter may be, for 
instance, a fairly sharply tuned circuit ca 
pable of transmitting frequencies between 
200 and 250 cycles, where the highest fre 
quency employed in the signaling operation 
is 50 cycles. A modulator, M, of vacuum 
tube or other well known type, is included 
in the circuit beyond the filter F, and is 
supplied with carrier waves from a source 
G. This modulator serves to modulate the 
carrier waves from the source G. in accord. ance with the band of frequencies selected 
by the filter F, thereby stepping up the 
selected band in frequency. A filter F, 
which may be similar in construction to the 
filter F, is included in the circuit beyond the 
modulator M, to select the upper side band 
in preference to the lower side band. By 
designing this filter to transmit a band be 
tween 2200 and 2250 cycles, for instance, 
both the carrier frequency of 2,000 cycles 
and the lower side band extending from 
1750 to 1800 cycles will be spaced from the 
upper side band a sufficient distance to be substantially suppressed. 
In order to still further step up the fre 

quency, an additional modulator, Ms may 
be provided, said modulator being supplied 
with carrier waves of a still higher fre 
quency from the source G. The frequency 
of this source is illustrated as being 20,000 
cycles. The output circuit of the modulator . 
M is coupled through a transformer 11 to 
a transmitting antenna A, and in order to 
select the upper side band appearing in the 
output circuit of the modulator M, to the 
exclusion of the carrier frequency and the 
lower side band, the antenna A and the out 
put circuit of the modulator Ms may be 
tuned so as to readily transmit frequencies 
in the neighborhood of 22,200 to 22,250 cycles. 
The modulators M and M operate in 

the usual and well understood manner. The 
modulator M, however, is adjusted to trans 
mit the carrier frequency applied thereto 
only under certain conditions. The opera 
tion of this modulator may be understood by 
referring to the curves in Figs, 4 to 7, inclu 
sive. Jn Fig. 4 curve 20 indicates the char 
acteristic curve of a three-element vacuum 
tube, that is a curve representing the yaria 
tion of plate current with applied grid po 
tential. In this curve positive grid voltages 
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are plotted as abscisse to the right of the vertical axis O and negative grid voltages 
are plotted as abscissee to the left of the axis 
O, while the corresponding current values 
e EE as ordinates. It will be seen that 

as the negative grid voltage is increased the 
plate current decreases until it becomes zero 
in the neighborhood of the vertical line N. 
As the grid Yoltages increase in a positiye 
direction to the right of the axis O it will 
also be seen that E. current increases until 
a voltage in the neighborhood of the vertical 
line P is reached. Beyond this point further 
increase in voltage results in no further in 
crease in the current and the current re 
mains constant at this value, which is known 
as a saturation value. The points X and 
Y upon the curve 20 are known as the knees 
of the curve, the former being usually called 
the lower knee and the latter being the upper 
knee. The portion of the curve between the 
points X and Y is its amplifying portion 
and variations in grid potential over this 
part of the curve result in correspondin 
variations in the plate current, so that i 
the tube is working over this part of the 
curve carrier waves will be transmitted. 
The two flat parts of the curve beyond the 
points X and Y, however, represent por 
tions of the characteristic curve in which 
the tube is practically unresponsive to po 
tential variations, since the output current 
is constant at either zero or its saturation 
value. If the tube is operating upon either 
one of these two portions of its characteristic 
it will not transmit carrier waves. 

If now the battery C of the modulator M, 
in Fig. 1 be given such a value as to bring 
the grid potential to the point designated by 
the E. line M, the normal adjustment of 
the tube will be about the midpoint of its 
amplifying characteristic. If, with the grid 
potential thus adjusted, an alternatingpo 
tential of carrier frequency be impressed 
upon the grid, a corresponding variation in 
the plate current will occur, so that carrier 
waves will be transmitted. Suppose now 
the battery C of Fig. 1, which is controlled 
by the transmitting relay TR is connected 
to the grid circuit and is so adjusted that its potential when superposed upon that of the 
battery C will bring the grid potential to 
the point N, if an alternating potential be 
superposed upon this grid potential it will 
be observed that no variation in current flow 
will take place in the plate circuit, since over 
this portion of the characteristic no current 
flow takes place. When the potential of the 
battery C' is removed by the action of the 
relay TR, thef potential will be shifted 
to the point M, where, as already pointed 
out, transmission of carrier waves will take 
place. w 

The variation in grid potential with time, 
corresponding to the opening and closing of 
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the circuit of the battery C at the relay TR 
in response to g is indicated by the 

1 of Fig. 6 and the super 
sed alternating potential from the source 
is indicated at the curve 22 of. Fig. 6. 

fhese curves are plotted on the same scale 
as Fig. 4, grid potentials being plotted as 
abscisse and time being plotted as ordi 
nates. The corresponding plate current is 
indicated in Fig. 6, which is likewise plot 
ted on the same scale as Fig. 4, ordinates 
representing time and the plate current be 
ing plotted as abscissae. By causing this 
current to flow through the primary of a 
carrier frequency transformer the alternat 
ing carrier current component will appear in the secondary circuit, this alternating 
component being indicated by the curve in 
Fig.6°. It will be observed from the curves 
of Fig. 6 and Fig. 6 that no current is 
transmitted when the tube is working on the 
flat part of the curve, but that carrier waves 
are transmitted when its operation is shifted 
to the amplifying portion of its characteris 
tic, as indicated in Fig. 6. 
St. similar results y be se cured by so adjusting the battery C to op 

erate upon the portion of the curve to the 
right of the point Y. Upon this part of the 
curve the plate current remains steady at 
its saturation value, but when the potential 
of the battery C is removed by the trans 
mitting relay the operation is shifted to the 

f portion of the curve and carrier 
potential, due to opening and closing the 
circuit of the battery C, will now be as in 
dicated by the dotted line curve 23 of Fig. 
7 and the superposed alternating current 
potential is indicated by the curve 24. The 
corresponding plate current is indicated in 
Fig. 7, where it will be noted that the plate 
current is steady while the grid potential 
varies about an axis in the neighborhood of 
the vertical line P of Fig. 4, but is decreased 
to a pulsating value at 25 when the battery 
C is disconnected and the tube operates on 
the amplifying portion of its characteristic. 
The alternating carrier current component 
is indicated in Fig. 7. The transmitting relay TR may be oper 
ated on either an open circuit or a closed 
circuit basis. As above described, carrier 
waves are transmitted when the relay TR 
9perates to open the circuit of the battery 
C and the carrier waves are suppressed 
when the circuit of the battery is closed. 
Exactly the opposite effect may be produced 
by suitably proportioning the batteries C 
and C’. If, for example, the battery C is so 
adjusted as to bring the normal grid potent 
tial to the point N in Fig. 4 and the battery 
C is oppositely poled and so adjusted that 
when it is connected in circuit the grid po 
tential is brought to the point M, then it 

the battel 

will be observed that carrier transmission 
takes places as in Figs, 6,6 and 6, when the 
circuit of the batte ? is closed." Like 
wise, if the battery C is adjusted to brin 
the normal grid potential to the point P and 

grid potential is brought to the point M, car 
rier transmission will only take place when the battery C is in circuit, as indicated in 
the curves 7, 7, and 7. 
In general, the operation of the circuit of 

Fig. 1 is as follows: Telegraph signals from 
the circuit L operate the transmitting re 
lay TR to produce sharply defined pulses 
in the circuit of the battery C. Due to 
the action of the filter LF, however, the up per harmonics of the fundamental frequency 
of the signals are eliminated, so that the sig 
nals transmitted to the grid circuit appear 
as curbed pulses which in the limiting case 
may involve merely the fundamental fre quency. These pulses produce potential 
changes, in the grid circuit, which results in shifting its operation to different points 
of the characteristic, as indicated by the 
curves 21, and 28 of Figs. 6 and 7, respec 
tively, so that carrier waves are alternately 
transmitted and suppressed, depending 
upon whether the pulse shifts the oper. 
ation of the tube to the amplifying or 
non-amplifying portion of its characteris 
tic. In the output circuit of the modulator 
Mi upper and lower side bands appear, the 
upper band ranging from say 200 to 250 
cycles and the lower side bard from 150 to 
200 cycles. The upper side band may be 
selected by the filter F, and transmitted to 
the modulator M, where it modulates os 
cillations of say 2,000 cycles from the source 
G, Upper and lower side bands again ap 
ear in the 'Rit circuit of the modulator 

the upper being selected by the filter 
F, and transmitted to the modulator M, 
Here again modulation of a frequency of 
say 20,000 cycles from the source G occurs 
and the pp. side band is selected by the 
antenna. A for transmission. Instead of 
the antenna A, an ordinary wire transmis 
sion line may be used, as indicated in dot 
ted lines. The filters F, and F, in selecting 
in each instance the upper side band, also operate to suppress the carrier frequencies 
as well as the lower side bands. 

Fig. 2 illustrates the invention as applied 
to a multiplex circuit. The apparatus for 
the second and third steps of modulation 
in this figure may be the same as in Fig. 1, 
although the filter F, is illustrated as being 
a band filter of the Campbell type above 

The input circuit of the modu 
lator M, is provided with three incoming 
branches, including filters F, F, and F. 
These filters may be tuned circuits, but are 
preferably filters of the Campbell type, each 

referred to. 
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C is then oppositely poled and 

so adjusted that when included in circuit the 
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SO proportioned and adjusted as to trans 
mit a proper band of frequencies. The 
transmitting relay TR, filter LF modu 
lator M, and source G associated with the 
first channel are identical with correspond 
ing apparatus of Fig. 1 and the frequency 
assigned to this channel may be the same as 
that assigned to the channel of Fig. 1, SO 
that the filter F, should be designed to pass 
a band lying between 200 and 250 cycles. 
The relatively low carrier frequency as 
signed to the second channel should be some 
what different from that assigned to the 
first channel and is illustrated as being 275 
cycles, the frequency of the generator G. 
Assuming that the signaling frequency is 
the same as that of Fig. 1, say 50 cycles per 
second, the filter F, should be designed to 
transmit a band from 275 to 325 cycles. In 
a similar manner the generator G, of the 
third channel may have a frequency of 350 
cycles and the filter F, pass a band from 
350 to 400 cycles, 
The second channel of Fig. 2 differs, some 

what from the first channel and is so ar 
ranged that carrier waves are only trans 
mitted during the change from one steady 
state to the other. For this purpose the 
transmitting relay TR is arranged to con 
nect either one or the other of two batteries 
of opposite polarity to the grid circuit of 
the modulator M. 
The operation of the modulator M, under 

these circumstances may be understood by 
reference to the diagrams in Figs, 4, 5,5 
and 59. As described in connection with 
Fig. 1, the battery C, of the modulator M, 
is so p and adjusted as to bring the 
normal grid potential to the intermediate 
point M. One of the batteries under con 
trol of the relay TR, when connected in 
the grid circuit, then shifts the resultant 
grid potential to the point P, while the 
other battery is so poled and adjusted as to 
shift the grid potential to the point N. 

Let us suppose now that the transmitting 
relay TR has its armature so thrown as to 
bring about the last mentioned result. The 
carrier waves from the source G will not be 
transmitted, as the plate current will remain 
at zero. This will be clear from Figs, 5 and 
5. In Fig. 5 the dotted line curve 26 indi 
cates the slow speed changes in grid poten 
tial, due to the action of the transmitting 
relay TR, while 27 is a plot of the super 
posed high frequency potential from the 
source G. Turning now to the curve of 
Fig. 5", it will be seen that in the part 28 
of the curve the current remains zero, re 
gardless of the high frequency variation in 
potential indicated in FE 5. As soon, 
however, as the relay TR operates to con 
nect in the other battery, so that the grid 
potential will be as indicated at P in Fig. 
4, the tube will momentarily operate over 
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the amplifying portion 20 of its character 
istic, during the p of change-over, as 
indicated at 29 in Fig. 5. When the change 
over is completed, however, and the steady 
state again reached, the current will remain 
at the saturation value, as indicated at 30 
in Fig. 5". Upon another reversal of the 
rid battery under the control of the relay 
Rii, the tube momentarily passes over the 

amplifying portion of its characteristic, so 
that high frequency pulsations again occur, 
as indicated at 31 of Fig. 5". Upon reach 
ing the initial steady state condition, how 
ever, the current remains zero and no high 

... frequency is transmitted. The alternating 
carrier current component of the 
current indicated in the curve of . 5 is 
shown in Fig. 5 and, as indicated, consists 
of a short train of high frequency impulses 
corresponding to each change in polarity 

pring ig 

produced by the transmitting relay. In 
each instance, as soon as the change-over is 
completed and the steady state condition 
reached, regardless of whether the potential 
of the Ef be as indicated at N or P, the 
alternating current will cease. . 
By the arrangement just described the 

carrier wave is only transmitting during 
the change-over and is not transmitted dur 
ing the steady state of the low frequency 
signal. The same result may be secured by 
means of the arrangement shown in connec 
tion with the third transmitting channel, in 
which the modulator M, is ; the duplex 
vacuum tube type illustrated and described 
in the U. S. application of John R. Carson, 
Serial No. 157,413, filed March 15, 1917. 
Such a duplex vacuum tube arrangement 
normally suppresses the carrier by reason 
of the fact that the carrier source G, is 
connected to the common branch of the two 
similar input circuits. The signaling bat 
tery C is connected in a local circuit in 
cluding the filter LF, which local circuit 
is inductively connected to the modulator 
M, through a transformer 33. The trans 
former 33 suppresses the direct current 
component of the low frequency signal, so 
that the steady state condition produces no 
effect upon the modulator M. Upon either 
closing or opening the circuit of the battery 
C., however, one alteration is induced 
through the transformer 33 and unbalances 
the modulator circuit, so that a brief train 
of high frequency waves from the source 
G is transmitted. 
The receiving apparatus for use in con 

nection with the transmitting systems of 
Figs, 1 and 2 may be as illustrated in Fig. 3 in which AR designates a receiving an 
tenna, D, a demodulator or detector sup 
plied with modulating oscillations from a 
source RG, and D, designates a second de 
modulator or detector supplied with modu 
lating currents from a source RG, RF, 
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designates a filter which may be, for in 
stance, of the Campbell type, said filter be-, 
ing inserted between the demodulators D, 
and D. This filter is designed to suppress: 
the upper side band Fing from the first 
step of demodulation and freely transmit 
the lower side band. The width of the 
lower side band will, of course, be, sufficient to accommodate the desired numbero chan 
nels to be received and the illustration given 
the filter is arranged to transmit a band 
lving between 2200 and 2400 cycles. A sim 

E. RF, is included in the output cir 
cuit of the second demodulator, D., to elimi 
nate the upper side band and transmit the 
lower side band resulting from the second 
step of demodulation. After the composite 
band has been passed through this filter, the 
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several bands making up the composite 
band may be separated by means of filters 
RF RF and RF in the individual re ceiving channels. For instance, the filter 
RF may select aband lying between 200 and 250 cycles, this band being impressed 
upon a receiving detector D supplied with 
detecting current from a source G and hav ing an ordinary receiving relay RR in its 
output circuit. The filter RF may select 
a band between 275 and 325 cycles, this 
band being impressed upon a detector D, 
supplied with a detecting frequency from a 
source. G'. In a similar manner the filter 
RF' may select a frequency between 350 
and 400 cycles, this band being impressed 
upon a demodulator D', which is supplied sh a detecting frequency from a source 
The operation of the receiving circuit of 

Fig. 3 when used in connection with the 
transmitting circuit of Fig. 1 may be as 
follows: Let it be assumed that the maxi 
mum low frequency signal transmitted by 
the relays TR, TR, etc., in Fig. 2, will not 
exceed 50 cycles per second, in the first 
channel the modulator M, will produce two 
side bands on either side of 200 cycles, of 
which the upper side band from 200 to 250 
cycles may be selected by the filter F. In 
R second channel, the modulator M will 
produce two side bands on either side of 
the carrier frequency of 275 cycles and the 
upper side band from 275 to 325 cycles may 
be selected by the filter F. In the third 
channel the modulator M will produce side 
bands on either side of the carrier frequency 
of 350 cycles and the upper side band from 
350 to 400 cycles may be selected by the 
filter F. These several bands now coalesce 
and form a single band extending from 200 
to 400 cycles, this band being impressed 
upon the modulator M, As a result, the 
new carrier frequency of 2,000 cycles, as 
well as two side bands, the lower of which 
extends from 1600 cycles to 1800 cycles and 
the upper of which extends from 2200 

band is transmitted by the filter F. 

cycles, while the upp 

in the output cycles to 2400 cycles, ger The lower side 
t circuit of the modulator 

s the carrier frequency of 2,000 
cycles are suppressed and the upper E. 

8 

transmitted side band is then impressed upon 
the modulator M, so that upper and lower 
side bands are again produced. The lower 
side band extends from 17,600 to 17,800 

er side band extends 
from 22,200 to 22,400 cycles. By tuning the 
antenna to the average frequency of the up 
per band, say 22,300 cycles, the upper band 
will be readily radiated, while the carrier 
frequency of 20,000 cycles of the lower side 
band may be substantially eliminated. 
The radiated band extending from 22,200 
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to 22,400 cycles is now received by the re 
ceiving antenna AR, which is tuned to the 
intermediate frequency and the received 
band is modulated by a frequency of 20,000 
cycles supplied to the detector D, from the 
source RG, The lower side band resulting 
from this operation extending from 2200 
cycles to 2400 cycles may be selected by 
means of the filter RF, and impressed upon 
the detector D, where a EE action 
with the frequency of 2000 cycles takes 
place. This results in a further step down 
in frequency, the lower side band extending 
from 200 to 400 cycles being selected by the 
filter RF, The several bands making up 
this composite low frequency band are se 
lected by means of filters RF RF and 
RF', each being designed to pass the band 
indicated, and the selected bands are again 
modulated with frequencies of 200 cycles, 
275 cycles and 350 cycles, respectively, in the 
detecting apparatus D, D, and D, so that 
low frequency currents corresponding to the 
org signaling currents result, 

ince the modulating apparats of the 
second and third channels EF Figs, 2 and 8 
only transmit carrier waves to represent the 
change-over from one steady state to the 
other, it is necessary to provide a special 
form of signal receiving relay for the corre 
Enig receiving channels, in order that the receiving apparatus. will discriminate 
between a change from positive to negative 
and a change from negative to positive, both 
of these changes, being represented by the 
transmission of the brief train of high fre 
quency waves. Such a receiving relay is 
indicated at RR' and RR' in Fig. 3. Rela 
RR' is a polarized relay having two wind 
ings, 34 and 35. Normally the armature 36 
of the relay will reston one of its contacts, 
so that current may flow through one of the windings, say 35, from the battery 37. The 
battery 37 is of low potential and merely 
supplies enough current to hold the arma 
ture against the pole of the relay to which 
it is shifted. Suppose now a train of waves 
representing a change-over from positive to 
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negative is being received, the detector D.' 
will translate this brief train of waves into 
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a pulse of current flowing in its output 
circuit. This pulse will pass through the 
transformer 88, producing a pulse of current through the winding 35 in a direction oppo 
site to that produced from the battery 37. 
This pulse of current is of considerable 
strength and therefore tends to throw the 
armature 36 to the opposite contact of the 
relay. The pulse being of momentary dura 
tion has now ceased and a current from the 
battery 37 flows through the other winding 
34, in such a direction as to hold the arma 
ture against the opposite contact. If now 
a second train of waves corresponding to a 
change-over from negative to positive is re 
sing an exactly similar pulse of current 
will appear in the output circuit of the de 
tector D. Owing to the shifted connez 
tions of the relay RR', however, this pulse 
now flows through the winding 34 of the 
relay and being of greater strength and 
opposite in direction from the current flow 
ing from the battery 37, shifts the armature 
of the relay back to its original position. 
Thus it will be seen that since changes from 
negative to positive always succeed changes 
from positive to negative, in regular order, 
the relay RR' will in effect discriminate 
between the two kinds of changes, since, in 
response to a pulse of current, it will first 
produce one action and then in response to 
a similar pulse of the same character will 
produce another action. 
The receiving apparatus of the first chan 

nel of Fig. 3 may E. used in connection with 
the transmitting apparatus of Fig. 1 or in 
connection with the transmitting apparatus 
of the first channel of Fig. 2. The receiving 
apparatus associated with the other two 
E. of Fig. 3 can only be used in con 
nection with the second and third transmit 
ting channels of Fig. 2. The several fre 
quencies referred to in the preceding de 
scription are to be understood as being 
merely illustrative, a wide variation in the 
frequencies used being possible in actual 
practice. 

It will further be obvious that the general 
principles herein disclosed may be embodied 
in many other organizations widely different 
from those illustrated, without departing 
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from the spirit of the invention as defined 
in the following claims. 
What is claimed is: 
1. The method of translating low fre 

quency telegraph currents into high fre 
quency carrier currents for carrier current 
transmission, which consists in curbing the 
low frequency telegraph impulses to elimi 
nate therefrom the higher harmonics, there 
by narrowing the band of low frequencies 
representing the telegraph signal, and then 
stepping up the frequency of the resultant 
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currents by successive steps of modulation 
with carrier currents. 

2. The method of translating low fre 
quency currents into high frequency car 
rier currents for carrier current transmis 
sion, which consists in passing the low fre 
quency telegraph currents through a filter 
to eliminate the higher harmonics, then rais 
ing the frequency of the resultant currents 
by successive steps of modulation. 

3. In a signaling system, means for pro 
ducing telegraph impulses, a filter for elim 
inating the higher harmonics from said tele 
graph impulses, and a plurality of modulat 
ing devices, one working into the other and 
each supplied with carrier current whereby, 
upon the application of the currents trans 
mitted through the filter to the first modu 
lating device of the series, such low fre 
quency currents will be raised to a desired 
carrier frequency by a plurality of steps. 

4. The method of transmitting telegraphic 
impulses by means of carrier waves, which 
consists in supplying carrier waves to a 
vacuum tube so adjusted that under a certain 
condition of operation the tube will work 
upon a non-amplifying part of its character 
istic curve which lies outside of one of the 
two knees thereof, thereby substantially pre 
venting the transmission of carrier waves, 
and causing by means of telegraph impulses 
such a change in the adjustment of the tube 
as to cause it to operate upon the amplifying 
part of its characteristic, thereby transmit 
ting carrier waves. 

5. The method of transmitting telegraphic 
impulses by means of carrier waves, which 
consists in impressing carrier waves upon 
a vacuum tube so adjusted that normally it 
operates upon a non-amplifying, flat portion 
of its characteristic curve lying beyond one 
of the knees of said curve, so that normally 
carrier currents will not be transmitted, and 
in disturbing the normal adjustment of the 
tube by means of telegraphic impulses so 
that the tube operates upon the amplifying 
portion of its characteristic curve to trans 
mit carrier currents. - 

6. The method of modulating carrier cur 
rents in accordance with telegraphic im 
pulses through the agency of a vacuum tube 
comprising a heated filament, a grid and 
plate electrodes, which consists in maintain 
ing under certain conditions such an ad 
justment of the grid potential that the tube 
operates upon a non-amplifying substan 
tially flat portion of its characteristic curve, 
impressing carrier currents upon the tube, 
and varying the grid potential in accordance 
with telegraphic impulses to cause the tube 
to operate at certain times upon the ampli 
fying portion of its characteristic wire, 
whereby the transmission of carrier waves 
will be permitted when the wire is operated upon the amplifying portion of its charac. 
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teristic and will be substantially prevented 
from operating on the non-amplifying por 
tion thereof. 

7. In a signaling system, a vacuum tube 
modulator, means to supply carrier waves 
thereto, said tube having its circuits so ad 
justed that the tube normally operates upon 
a non-amplifying portion of its character 
istic beyond one of the knees thereof, where 
by the transmission of carrier waves is sub 
stantially prevented, and means to disturb 
the adjustment of said tube by the action of 
telegraphic impulses, so that the tube works 
upon the amplifying portion of its charac 
teristic, thereby transmitting carrier waves. 

8. In a E. signaling system, a vacu 
f ulator having a filament grid 
and plate electrode, means to supply carrier 
waves to said tube, the grid potential of the 
tube being normally so adjusted that it SE, 
erates upon a non-amplifying substantially 
flat portion of its characteristic curve, there 
by substantially preventing the transmission 
of carrier waves, means responsive to tele 
graph impulses to vary the potential of the 
grid, so that the tube operates upon the am 
E. portion of its characteristic, there y transmitting carrier waves. 

9. The method of translating direct cur 
rent pulses into carrier waves, which con sists in transmitting carrier waves during 
the period that the direct current pulse is 
undergoing a change, while suppressing the 
transmission of carrier waves during the con 
stant portion of the pulse. 

10. The method of translating direct cur 
rent pulses into carrier waves, which con sists in impressing carrier waves upon a 
modulating device so organized that during 
the application of substantially constant 
potential thereto carrier waves will not be 
transmitted, while carrier waves will be 
transmitted during a change in the applied 
potential, and in applying direct current 
pulses to said device to produce changes in 
the applied potential, thereby permitting the 
transmission of carrier waves during such 
changes only. . W 

11. The method of translating direct cur 
rent pulses into carrier waves, which con sists in impressing the direct current pulses 
upon a vacuum tube modulator so adjusted 
that during one steady state of the pulses the 
tube will operate upon a non-amplifying . 
ortion of its characteristic lying beyondone 
E. of the curve, while during another 
steady state condition of the E. the tube 
will operate upon a non-amp 
of its characteristic lying beyond the other 
knee of the curve, an 
waves upon said tube whereby during either 
steady state condition of the applied pulses. 
substantially no transmission of carrier 
waves will take place, while during the tran 
sition from one steady state to the other, the 

modulator having grid filament and plate 

ifying portion. 
in impressing carrier 
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tube will pass through the amplifying por 
tion of its characteristic ER consequent 
transmission of carrier waves. 

12. The method of translating direct cur 
rent pulses into carrier waves, which con- 70 
sists in applying potentials corresponding to 
said pulses to the grid circuit of a vacuum 
tube modulator comprising filament grid and 
plate electrodes, said tube being so adjusted 
that the potential on its grid during one 
steady state condition of the applied pulses 
will be such that the tube operates on a non 
amplifying part of its characteristic beyond 
one knee of the curve, while during the other 
steady state condition of the pulses, the po 
tential on the grid will be such that the tube 
operates on a non-amplifying portion of its 
characteristic lying beyond the other knee of 
the curve, and in applying carrier waves to said tube, whereby during either steady state 
condition of the pulses, substantially no 
transmission of carrier waves takes place, 
but during the transition from one steady 
state condition to the other, a change in the 
potential of the grid takes place which causes 
the tube to pass through the amplifying por 
tion of its curves, thereby transmitting car 
rier waves during such transition. 

13. In a signaling system, a vacuum tube 
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9. 

9. 
electrodes, a source of carrier waves there 
for, means to apply potentials to said grid 
corresponding to direct current pulses, the 
tube being so adjusted and the potential ap 
plied during one steady state condition of 100 
the direct current pulses being such that the 
tube operates on a non-amplifying portion 
of its characteristic beyondone of the knees 
of the curve, and the potential correspond 
ing to the other steady state condition of the 105 
pulses being such that the tube operates on a 
non-amplifying portion of its characteristic 
beyond the other knee of the curve, whereby 
carrier waves are substantially suppressed 
during the steady state periods, and are 110 
transmitted only during the transition from 
one steady state to the other. 

14. In a multiplex Sp system, a plu 
rality of carrier channels, means to apply 
telegraphic impulses to said channels, filter- 115 
ing means in each channel for eliminating 
the higher harmonics of the impulses, there 
by narrowing the band of frequencies repre 
senting the telegraph E. means in each 
channel to E. relatively low carrier 120 
frequencies, in accordance with the tele graphic pulses passed through said filtering 
means, and means to raise the resultant car rier waves to a higher frequency by a plu 
rality of subsequent modulating steps. 125 

In testimony whereof I have signed my 
name to this specification this 16th day of 
March 1920. 

LLOYDESPENSCHIED. 


