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To all whom it may concern:

Be it known that I, Hexprix J. Van pEr
Bisx, a subject of the King of Great Brit-
ain, residing at -Pretoria, in.the Union of

5 South Africa, have invented certain new
and useful Improvements in Methods of and
Systems for Radiosignaling, of which the

following is a full, clear, concise, and exact:

description.

This invention relates to methods of and
systems for radio signaling whereby mes-
sages are transmitted as modulations of a
high frequency carrier wave. ,

An object of the invention is to provide
15 a signaling system which may be highly

selective. - .

Another object of the invention is to en-
able the simultaneous transmission of a large
number of messages without the use of a

20 correspondingly large number of high fre-
quency carrier waves. - ‘

In order.to simultaneously transmit a
number of non-interfering messages from a
single station, it has been proposed to em-
ploy a different frequency carrier wave: for
each message. This method requires a large
frequency interval between any two succes-
sive carrier waves and the number of simul-
taneous messages is-accordingly limited. - It
30 has also been proposed to transmit several

messages upon 4 single high frequency car-
rier wave. This may be done by modulat-

10

ing each of a number of auxiliary carrier.

frequency currents, in accordance with one
of ‘a corresponding number of signal cur-
rents, and then modulating a high frequency
carrier in accordance with each of the modu-
lated auxiliary carrier currents. The opera-
tion of modulating a carrier frequency wave
by another wave which has been modulated
in accordance with a third wave is termed
double or successive modulation.

The present invention provides means
whereby the auxiliary carrier currents em-
ployed to modulate the carrier current in
a double modulation system, may each be
modulated in accordance with a number of
messages, each of which is impressed upon
its modulator as a-current of audio-fre-
quency which may be selected from the re-

490
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maining message currents in accordance
with which the same auxiliary carrier fre-
quency is modulated. The modulated aux:
iliary carrier wave is passed through a band
filter or transmission net work, which per- 55
mits only components corresponding in fre-
quency to the range of the difference be-
tween the auxiliary carrier frequency and
the audio or signaling frequency to pass.
In other words, if the ?:requency of the aux- 60
iliary current be s and the frequency of the
modulating or message current be p, which
in ‘telephony is a variable frequency, the

‘band filter transmits only the component

of the modulated auxiliary carrier current 65
having a frequency s—p. Since the sum of
the frequencies of this transmitted com-
ponent and the message current is constant,
either may be termed the frequendy conju-
gate of the other. Since an ascending fre- 70
quency signal or speech current gives rise
to a_descending conjugate frequency cur-
rent, the signal current frequencies ‘are in-
verted by the action of the modulator and
filter. The high frequency cdrrier wave is 75
then modulated in accordance with the cur-
rent component transmitted "by the filter or
the frequency conjugate of the -message or
signal current.. A number of auxiliary car-
rier frequencies may be used and each may so-
be modulated in accordance with a number
of signal currents of different frequencies.
At the Teceiving station the high carrier
fréquency component of the received waves

is first elimjnated and each of the modu- ss. -
lated auxiliary carrier frequency com-

‘ponents is transmitted to a modulator from

which the various signaling components
may be picked out by suitable band filters.

In the drawing, Fig. 1 represents a radio 9o
telephone transmitter set; Fig. 2, a corre-
sponding receiving arrangement; Figs. 3

~and 4 illustrate modifications of the circuits

of Figs. 1 and 2, respectively; while Figs. 5
and 6 illustrate the ~application of my in- 95

“vention to multiplex radio telegraphy and

radio telephony. - :
In Fig. 1 a generator G; and a micro-
phone circuit 1, are inductively coupled to

.the input circuit of 'a modulator My, to 100
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which they supply oscillations of frequency

2% and 2
respectively. The modulator M, may be
of the audion type and have a character-
istic which is represented by

(1)

t=av-bvit-cvi. . .
where ¢ represents instantaneous values of
current in the output circuit, » represents
instantaneous E.M.F.’s impressed between
the cathode and the grid elements, and

1,502,889

a, b, ¢, etc., are constants depending upon
the external circuits and the design of the
modulator. tube. In general, the terms

_above the second degree are negligible and

may be dropped. If the value of », which
is the sum of the electromotive forces set
up in the modulator input circuit by genera-
tor G,, and the microphone circuit 1, be

written thus:
o=e¢ sin st-te, sin pt (2)

and be substituted in equation (1) the out-
put current is represented by

i=—ae sin st-+ae, sin pt-+ be? sin? st + 2bee, sin st sin pt+be,’ sin? pt  (3)

The following trigonometric transformations may be made to simplify equation (8):

be® sin? st ="be?

(1-—cos 2st)
2

2bee, sin st sin pt="bee, cos (s—p)t—bee, cos (s+p)t

be,? sin? pt = be,’ a

The output circuit of the modulator M,
is coupled to a band filter F, of the type
described in Patent No. 1,227,113 to G. A.
‘Campbell and is designed to transmit the
frequencies corresponding to the range of

s—P

2r "

For example, if the range of frequencies

i=ne, sin pt-l—b‘ee1 cos (s—p)t—

In general speech frequencies may be
assumed to range from about 100 to 3,000
cycles, and the band of frequencies through-
out this range may be termed the acoustic
spectrum of speech. The center of energy
of the acoustic spectrum of speech lies at
about 900 cycles. The first’ term of the
second member ae, sin p¢, may therefore be
dropped. In general, this term represents
frequencies which will be almost wholly

.eliminated if s is equal to or greater than

the maximum value of 2p so as to make the
lower limit of the range of the band filter,

§—p
27

?

equal to or greater than gp;

The last
term of equation (4) represents a com-
ponent of frequency 2p#, the maxium
energy of which will lie at about 1.800
cycles and this component will be largely
eliminated by the band filter. Where s is

—cos 2pt)
2

for effective speech be taken as 100 to 3,000
cycles and the auxiliary carrier frequency
be chosen as 6,000 cycles, the band filter F,
would be designed to pass frequencies be-
tween 5,900 and 3,000 cycles. Dropping
constant terms and those of frequency out-
side the range of the band filter, equation
(8) reduces to:

be,? cos 2pt
__1_,2___2 (4)

chosen as larger than the maximum value
of 2p, the elimination of this term is still
more complete. If ¢ and e, are made equal,
the coeflicient of the last term will be half
that of the middle term which will accord-
ingly represent four times as much energy
and if e is made greater than e, the last
term will become relatively less. Consider-
ing these three factors, it will be evident
that the last term will represent a very
small portion of the energy passing the
band filter and may therefore be neglected,
leaving,

i=bee! cos (s-p)t=Fk cos rt (5)

2

the speech current.

The band filter I, is coupled by means of
an amplifier A, preferably of the audion
type to the input circuit of a modulator M,.
A generator G, supplies high frequency
carrier oscillations of frequency ¢ to the

where is the frequency conjugate of
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input of the modulator M, by means of a
transformer coupling 2. The characteristic

8

of modulator M, is like that of M, and may
be represented by - '

hy=a0+bwl+ -y

and since

v, =k cos rtfi-ez sin gt, :

i, =agk cos rt+a.e, sin gt-+b,k? cos? rt+besin’ g+ 2b,ke, cos 7t sin qt ' 6)

Transfor\ming the terms of the second mem-
ber of equation (6) in accordance with the
transformation used in connection with

’ 2
iy =ae, sin gt—blez czos 2qt

‘Modulator M, is coupled by means of an

amplifier A, preferably of the audion type,
to an antenna 3 tuned fairly flat to a fre-
quency '

7
on Ty

" which is the mean. of ‘the carrier frequency

20

25"

30

40
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50
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and the frequency of the component repre-
sented by the term

b,ke, sin (g-+r)t.

If desired, a filter which will pass only
currents of {requency lying between = =

may be inserted between modulator M, and

amplifier A,.
The radiated wave is therefore propor-

tional to: . .

ae, sin gi-+bke, sin (gr)t

.- Referring to Figure 2, a receiving antenna £

4, also tuned as is antenna 3, to -
‘ g.,"
. 21r+41r,
is shown coupled to a detector D, of the
audion type having a high frequency leak
path 10.
Assuming a wave of form-
_ k, sin ¢tk sin (g+7)¢
supplied to the input circuit of detector D,
having a characteristic of the form repre-
sented by equation- (1), and dropping the
radio frequency terms representing the en-
ergy dissipated in the leak circuit, the oscil-
lations supplied to the input of the ampli-
fier A, are proportional to

k,ks cos 7t or k, cos 7t

- It may be noted that this is the frequency
conjugate of speech current which' would
be received by parties attempting to pick up
the message by means of an ordinary de-
tector system, When s is not considerably

equation (3) and ‘dropping constént terms
and all terms not of radio frequency;

+Bjke, sin (g+n)t+ b, sin (@—)t (1)

: greater than 2p, this inverted frequency cur-

rent is of audio frequency, and would give
rise to an unintelligible noise in the receiver, :
thus effectively masking the talking signal.
To this extent the system is secret. -
In order to obtain intelligible signals
from this conjugate signal frequency cur-
rent, the output circuit of amplifier A, and
the circuit of a generator G, supplying.oscil-
lations of auxiliary carrier frequency s, are

60

65

both coupled to a modulator M, the output .

circuit of which. is connected to the circuit
of a receiver R, by means of a band filter
F,. The band filter F, is designed to pass

70

all frequencies within the range of effective .

speech transmission, or, in the present case,
frequencies between zero and the maximum

7,
value of o

The resultant modulated wave supplied to
the band filter after modulating the aux-
iliary carrier wave %, sin s¢, emanating from
venerator G, in accordance with the con-
jugate signaling frequency wave %, cos r¢
is filtered, and the resulting current in the
receiver circuit is proportional to &,/%; sin p#.

It will be noted that the term represent-
ing the receiver current contains the factor

75

80

%, and the received signals are therefore in-

creased in intensity by an amount which is
dependent upon the amplitude of the aux-
iliary carrier oscillation component intro-
duced at the receiving station. The gurrent

‘of ‘the receiver corresponds in frequency and

is proportional in amplitude to that in the
microphone circuit 1 at the transmitter sta-
tion. Speech may accordingly be. trans--
mitted by this system. .

In the systems of Figs. 3 and 4, the modu-
lators M, and M, corresponding respectively
to M, and M, in the system previously de-

‘seribed are of the balanced type.described

and claimed in the application of Carson,
Serial No. 64,524, filed December 1, 1915.
A modulator of this type has a character-
istic that may be represented by

j=bor-tdvitete. (8)

90
95
100

105 -
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Dropping terms of higher than %euond de-
gree and substituting The value of » from

i=be? sin? st-+be;? sin® pt+2bee, sin st sin pt

The expression obtained in this instance -

~contains' no term representing  a . currert

component of frequency sé. The modulated
auxiliary carrier current is supplied by mod-
ulater M, to the input ¢ircuit of a band filter
F, w hich may be  designed to pass fre-
quencies corresponding to range of

S—-p.
27

The use of this type.of modulator thus per-
mits the band filter to have a greater range
of ‘transmitted - frequencies ‘and to be- less
sharply selective.

The generator G, produces oscillations of
frequency s which. are modulated as . de-
scribed in accordance with speech currents
by the modulator M,. The flter F, elimi-
nates all components ‘except those corre-
sponding to the conjugate speech: frequency

‘and these remaining components are sup-

plied to a modulator M;, in order to mod-
ulate the high frequency carrier oscillations
of frequency ¢ impressed upon the mod-
ulator by a generator G, The resultant
modulated hmh frequency carrier current is
amplified by an amplifier A, preferably of
the audion type, the output circuit of which
is inductively coupled to antenna 5. An-
tenna 5 and the receiving antenna 6 of the
system of Fig. 4 are both tuned fairly flat
to the frequency

g7
27r+47r

If desived the other mean side frequency,

-conld be employed, in which case the trans-
mitting and receiving antenns would be -

tuned flcco1chn01v

At the receiving station, signal oscilla-
tions are nnplessed upon a dgtector D, hav-
ing a high frequency leak 11 in its output
civenit which is coupled to an amplifier A,.
The conjugate speech frequency current com-
ponent of‘the output current of detector D,
1s amplified and then employed to modulate
auxiliary carrier frequency oscillations pro-
duced by generator G, The modulation is
effected by a modulator M, of the balanced
Carson type. The adxantacre of this form
of modulator, as will be seen by reference
to equation (8), is that it eliminates the
first degree components which are difficult
to weed out. This permits the use of a filter

"F, which is not as sharply selective as that

1equmd in the case of the single tube mod-
ulator. A receiver R, is coupled to the band

1,502,889

equation (2), the expression for the current
in . the output circuit of modulator M, is

®

filter ¥, and its operation is the same as that

of receiver R,.

Figs. 5 and 6 illustrate the application of
my invention to multiplex radio telegraphy
and telephony. In Fig. 5, a generator G;
is arranged to supply auxﬂlary carrier os-
cillations of frequency s, to a modulator M,
of the audion type.. The auxiliary carrier
frequency is modulated in accordance with
signaling currents of frequencies u,, uz and
2y, supplied by generators Gy, G, and Gy,
respectively., Hach of ‘these signaling cur-
rents may be employed to transmit a mes-
sage which is determined.in accordance with
the operation of Mlgnahng device -such as
an ordinary telegraph key 7, in the circuit
of its individual generator.

The modulated anxiliary carrier current
is passed through a band filter F, which
transmits . the' range of frequencies corre-
sponding to :

8 —Uy
2r
The components which pass the filter may
be represented by .

Zan cos (8, —Un)t=2IZan coS ryt.

The generator G,, produces an auxiliary
carrier frequency current of frequency

]
2w
which is impressed upon modulator M, to-
gether with the signaling frequencies ot Uiy
u, and ., which are set up in their respective
circuits by generators G,y Gy, and Gy, A
band filter I, passing a range of frequencies
between

Sy
2

is coupled to the output circuit of M, and
transmits a set of current components which
may be represented by

ZBn cos ($,—Un)t=2Bn cos 7/ut.

Filters F, and F, are coupled to the in-
put circuit of modulatox M,, upon which
a generator G, impresses oscillations of the
hwh carrier frequency ¢. Oscillations of
the resultant frequencies are impressed
through a band filter F; and an amplifying
set A upon the antenna 8 which 1s tuned
flat to a mean frequency:

(N+1)g+7+7"n+ete.
27 (N+1)

where N represents the number of signal

—u
and 27r
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current sources. Kach auxiliary carrier fre-

quency modulating the high carrier fre-.

quency produces two side frequencies, one
of which is the sum of the carrier and aux-
iliary carrier frequencies and th- other of

“which is their difference. The frequency to

which the antenna is tuned is determined
by taking the average of-the carrier fre-
quency and one side frequency produced by
each of the auxiliary carrier frequencies.
The receiving antenna is similarly tuned.

Filter F, may be designed to pass only
currents of frequencies ranging from the

high carrief frequenoy 5% to the sum of

this frequency and the highest conjugate sig-
naling frequency, thus eliminating the side

frequencies less than %T and the higher

radio frequencies. : -
An auxiliary carrier frequency generator

Gy; and a microphone circuit 11 are asso-
ciated with a modulator M, which is con-.

nected to a band filter ¥,. Filter F trans-
mits a conjugate speech frequency current
to modulator M,;,. Xach of these elements
corresponds in every way to the similar ele-
ments in the transmitting system of Fig. 1,

and the frequency of the auxiliary carrier

current generator and the range of the band
filter are preferably about the same as in
the previously described system. It may
be noted that as many telephone circuits as -
may be desired could be employed with this
system, each operating upon its own auxil-
lary carrier frequency. The conjugate speech
frequency current would,, however, not be
audible except in cases where the auxiliary
carrier frequency is comparatively low. 40
Referring to the receiving system of Fig. -
6, the oscillations received from antenna 8
are impressed by the antenna 9 upon detec-
tor D, having a high frequency leak path -
in its output circuit. An amplifier A,, pref- 45
erably of the audion type, conductively con-
nects the detector D, to a series of band fil-
ters ', 'y and Fy each of which supplies
a conjugate signal frequency current to its
own modulator. E .
From previcus considerations it will be
evident -that the oscillations set up in the
output circuit of amplifier A, will consist
of a number of components, one series of
which will represent the conjugate signal
frequencies. Another series will consist of
all the interference combinations of the
modulated auxiliary ‘carrier frequencies.
The waves passed will therefore be propor- -
tional to ) 60

50

55

Zgn €08 Tpf+ -« - Thy €08 7/nt+ - -+ +52,,C, cas (ry—r'p)t+ - - (10)

-where g, and 27, signify the summation

of the various conjugate signal frequencies
of their respective auxiliary carrier frequen-
cles and Z,,C, represents the summation of
all the possible combinations of the auxil-
iary carriers. If, for example, the auxiliary
carrier frequencies s,, s, .. . 8, used for teleg-
raphy are chosen so that

8,=28,+2mi,

85 =8n-1+Sn_g 2ty

where m is any integer, there will be no com-
bination which will have the same frequency
as one of the modulated auxiliary carrier
currents. This will permit the band filters
F,, F,, etc., to eliminate these combination
frequency currents and the series represented
by the last term in expression (10) will
disappear. _

Band filters I, and T, each select the
conjugate signal frequencies set upon a sin-
gle corresponding auxiliary carvier {fre-
quency, and supply them to the input cir-
cuits of their respective modulators M,, and
M,,. For this purpose, filter T, is designed
to pass a range of frequencies

and

S 7%y 57U

27 27

and filter ¥, has a corresponding range of .
83Uy o S—Un
2T to 2T .
A generator G, in a circuit coupled to the
mput of modulator M,, supplies oscillations
of the auxiliary carrier frequency s, which
are modulated by the conjugate signal fre-
quencles, thus giving rise to a complex wave
in the modulator output having components 199
of frequencies :

95

2 27 27

A series of band filters F,,, F,, and F,, 105
select these and supply each to its respec-
tive receiver R,, R, or R,. ‘

The filter Fy and generator G,, ave both
coupled to a modulator M,, which is con-
nected to receivers Ry, R, and Ry through 119
filters F.,, F,, and: I¥,; respectively. The
operation of each of these devices is simi-
lar to that of the corresponding elements
in the train of devices connected to filter
F, and hence needs no further explanation. 115

Filter F, selects the components derived
from the talking circuit 11 and impresses
them upon the input of & modulator M,
which is connected to receiver R, by a band
filter Fi;. A generator G,, supplies auxil- 19
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iary carrier oscillations of the frequency s,
to the input of modulator M,,.

“The receivers R,, R, and R, will there-
fore serve to receive telegraph messages
from the transmitters giving signals of fre-
quency ;, %, and U, respectively, operating
with an auxiliary carrier frequency s,. he-
ceivers R,, R, and R, will be affected by
their respective signals transmitted by auxil-
iary carrier currents of frequency s, while
speech current will be received by recelver
R, as determined by microphone circuit 11.

"It may be noted that while I have illus-

. trated only two auxiliary carrier frequency

15
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generators at the transinitting station for
telegraphic signaling, each operating 1n
conjunction with three signaling frequency
generators, and a single auxiliary carrier
frequency for telephonic signaling, this sys-

tem is capable of operation with a large

number of auxiliary carrier frequency gen-
erators. €
generator employed for telegraphic pur-
poses may be associated with any number
of signaling frequency generators. As an
example, let us take the simple case illus-
trated in Figs. 5 and 6 in which only two
auxiliary carrvier frequencies are employed
for telegraphy and each is modulated in ac-

cordance with three signaling frequen-
cies. If

2% =10,000,

% —22,000, .

5= 500,

52 =600,

52 =100,

six code messages may be transmitted simul-
taneously The frequencies

$,— U, , S —Us
=L to 2—
- 27 2

will range from 9,500 to 9,300 and filter I,

will be designed to pass frequenciés of this
range. The output circuit current of modu-
lator M,, will have components of frequen-
cies 500, 600 and 700, and filters F,, F,,
and T, are each designed to pass one of
these frequencies. Obviously, with the fre-
quency ranges given, each of the filters ¥,
¥,,, etc., ten audio frequencies might be
used to modulate a single auxiliary carrier
frequency. DBy choosing more auxiliary
carrier frequencies and choosing the signal-
ing frequencies more closely, an indefinite
number of noninterfering messages may be
simultaneously transmitted.

A single receiving station might have a

Tach auxiliary carrier frequency

1,502,889

generator of auxiliary carrier frequency s,
another receiving station, a generator of
frequency s,, etc., and in this manner multi-
plex signaling may be carried on with a
number of stations.without interference.
In its genera]l aspects, the invention is
as applicable to transmission of signals by
means of waves guided on wires as to trans-
mission by unguided waves. It is also ap-
plicable fo electrical selective systems of
any type as well as to signaling systems.
While I have illustrated and described a
number of specific circuit arrangements, it
is to be understood that these circuits may
be variously modified by those skilled in
the art, and that my invention is therefore
to be limited only by the scope of the ap-
pended claims.
What is claimed is: o
1. The method of signaling which com-
prises inverting the frequencies of a talking
signal so as to produce an unintelligible
noise current of audio’ frequency and modi-

-fying oscillations in accordance with said

noise current. :

9. The method of signaling which com-
prises modulating a carrier wave in accord-
ance with a wave of inverted signal fre-
quencies. : '

3. The method of signaling comprising
modulating a carrier wave in accordance
with the frequency conjugate of a signal
wave, and suppressing one of the compo-
nents of the modulated carrier frequency

. wave.

4, The method of masking talking signals
comprising disproportionally changing the
frequency of each of the different frequency
components of the talking signals and
modifying oscillations in accordance with
said components of changed frequencies.

5. The method of signaling which com-
prises transmitting a carrier wave modu-
ated in accordance with the frequency con-
jugate of a signaling wave.

6. The method of signaling comprising
modulating an auxiliary carrier wave in
accordance with a signal wave so as to-ob-
tain the frequency conjugate of said signal
wave, and modulating a carrier wave in ac-
cordance with said frequency conjugate.

7. The method of signaling comprising
modulating an oscillation current in ac-
cordance with speech current selecting the
components of the resultant modulated os-
cillation current lying within the frequency
range of the difference in frequencies of
said oscillation current and sald speech
current, and modnlating a carrier wave in
accordance with said components of
changed frequencies.

8. The method of masking a talking sig-
nal which comprises modulating an oscilla-
tion current in accordance with speech cur-

70
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rent in order to obtain a noise current and

modulating a carrier wave in accordance
with said noise current. e
9. The method of signaling comprising

modulating an auxiliary carrier wave in ac--

cordance ‘with a signaling wave, selecting
the components of the modulated auxiliary
carrier wave within a given band of fre-

“quencies, and modulating a carrier wave in
.accordance with said selected auxiliary car-

rier wave components. _ o
10. The method of receiving signals trans-
mitted ‘as doubly modulated carrier waves

‘which comprises detecting the carrier waves
-and employing a component of the detected

waves to modulate oscillations correspond-

ing in frequency to one of the waves by

which the carrier waves were modulated.
11.- The method of secret signaling com-

prising distorting signaling currents to pro-:

duce noise currents, modulating carrier fre-
quency currents .in accordance with said
noise currents, transmitting energy of said

‘modulated carrier frequency current to pro-

duce noise currents at a receiving station,
and distorting said last mentioned noise
currents to reproduce the signaling currents.

12. The method of signaling comprising
simultaneously varying each of a plurality
of auxiliary carrier frequency waves in ac-

" cordance with a plurality of independent

35

40

energy variations and simultaneously vary-
ing a carrier frequency wave in accordance

with each of said varied auxiliary carrier-

waves. : o :
18. A transmitting station comprising a

source of talking current, a source of oscil--
lating current, means for modulating said .

oscillating current in accordance with said
talking current, means for selecting the com-

" ponents of said modulated oscillating cur-
‘rent within a desired range of frequencies

50

55

60

65

and means for modulating a carrier wave by

-said selected components. o .
14. A signaling system comprising a modu- -

lator having input and output circuits, a
source of talking current and a source of
oscillating current operatively related to
said input circuit, a network coupled to said
output circuit for selectively transmitting
currents within a limited range of frequen-
cies and means associated ‘with said network
for modulating carrier waves in accordance
with the selectively transmitted currents.
15. A transmitting station comprising a
signaling circuit and a source of alternating
current, a modulator operatively related to
said signaling circuit and said source, a
wave filter connected to said modulator for
transmitting with uniformly negligible at-
tenuation a band of frequencies terminated
by definite cut-off limits and highly atten-
nating frequencies without said limits, a
source of carrier frequency current, and a

7

operatively related to said wave filter and
said source of carrier frequency current.
" 16. A receiving station comprising-a con-
ductor, 'a. detector connected thereto, a
source of alternating. current, a modulator
having its input circuit operatively connect-
ed to said detector and said source of alter-
nating current, and a wave filter counected
to the output circuit of said modulator, said
filter having a transmission band of uni-

formly negligible attenuation terminated by

definite cut-off limits beyond which the at-
tenuation is large.

17, A signaling system comprising a gen- -

erator .of .carrier waves, means including a
transmitter device for doubly modulating
said carrier waves, and means for impress-
ing said doubly modulated waves first upen
a detector to eliminate the carrier frequency
component and then upon a modulator and
wave filter to eliminate one of the modu-
lation components, said filter transmitting

-with -uniformly negligible attenuation a

band of frequencies terminated by sharply
defined cut-off limits beyond which the at-
tenuation is large. o

18. A multiplex signaling system, com-
prising a- generator of carrier frequency
waves, a generator of auxiliary carrvier fre-
quency waves associated therewith, means
for modulating said carrier frequency waves
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in accordance with ‘said auxiliary carrier:

frequency waves and a plurality of signal-
ing devices for simultaneously transmitting
a corresponding plurality of signals asso-
ciated with saild last named generator for
varying the waves generated thereby. _
19. multiplex signaling system com-
prising a source of carrier frequency waves,

-an auxiliary source of oscillations for modu-

lating said carrier frequency waves, and
means for simultaneously modulating said
oscillations in accordance with a plurality
of independent messages. '

20. A receiving system for signals trans-
mitted as doubly modulated carrier waves
comprising means for selecting components
corresponding to the frequency conjugate of
the signals, and means for employing said
selected components to combine with oscil-
lations of the frequency of one of the com-
ponents used to modulate the carrier fre-
quency. :

21. A receiving system comprising a re-
ceiving conducior, a detector connected
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thereto, a band filter connecting said detec-

tor to a modulator for transmitting thereto

with uniformly negligible attenuation a
band of {requencies terminated by sharply
defined cut-off limits and highly attenuating

waves bevond said limits, and a sourse o?

oscillations associated with said modulator.
292. In coribination, a source of carrier fre-

quency waves, means for simultaneously’

second modulator having an input circuit varying said carrier frequency waves in ac-
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cordunce  with' a plurality of auxiliary
carvier frequency waves, and means for si-
multancously varying each of said ayxiliary
carrier frequency waves in accordance with
a plurality of “independent energy varia-
tions:

23, A radio’ receiving system comprising
means for receiving high frequency oscilla-
tions and’ converting the oscillations into
lower frequency inaudible oscillations, a de-
tector, and means for supplying said lower
frequency oscillations to said detector, said
last mentioned means comprising a band
puss filter. : ~ )

94. Tn a signaling system, means for gen-
erating a high {requency ecarrier wave,
means for generating an intermediate fre-
quency current, means for producing a sig-
nal current, means for modulating the in-
termediate frequency current by the signal
current, means for modulating the high fre-
quency wave by the modulated intermedi-
ate frequency current, and a band filter 10
prevent the modulation of the high fre-
guency wave by the signal current.

95, Tn a carrier wave transmission system
in“which a portion only of the components
of a given modulated carrier wave ave em-
ployed for transmission, the combination- of
1 modulator, a band filter having a trans-
mission band of uniformly negligible atten-
tenuation terminated by sharply defined cut-
off limits beyond which the attenuation is
large for restricting transmission to a por-
tion only of the frequency components of the
modulated carrier wave, an amplifier for

said portion of the components, and a trans-
“mission cireuit for the output of the ampli-

fier, in the order named.

26. In combination, a wave modulator, an
amplifier for the modulated wave, and =
filter having a transmission band of uni-
formly negligible attenuation terminated by
a sharply defined cut-off limit with large at-
tenuation beyond said limit between the
modulator and the amplifier for transmit-
ting to the amplifier one side band of the
modulated current and for suppressing
transmission of the other modulator output
components.

97. Tn combination, a source of modulat-
ing waves, a source of waves of higher fre-
quency to be modulated, a modulator, the
output circuit thereof- having connected

‘thereto a band filter of which the transmis-

sion band is of uniformly negligible atten-
uation and terminated . by sharply de-
fined cut-off limits beyond which the attenu-
ation is high for suppressing components
having the frequency of one of said waves
and one combination frequency produced by
the interaction of sai? waves, and an am-
plifier for amplifying the unsuppressed
components.

98. A signaling system comprising means
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for varying the amplitude of one wave in
accordance with-a plurality.of other -waves
each representing. a signal, and means for
suppressing all components of the resultant
waves of which the frequencies lie on one
side of the frequency .ot said one wave.

29. The method of signaling which com-
prises varying the amplitude of one wave
in accordance with a plurality of ‘other
waves each of different frequency ranges
and suppressing all components of the re-
sultant waves having frequencies lying on

one side of the frequency of said one wave.

30. A modulation  system comprising
means for varying the amphtude of  one
wave in accordance with a plurality of other
waves of different frequency ranges and
suppressing from the modulated output the
component having the frequency of said one
wave and all components having frequencies
on one side thereof.

81. A transmission system comprising
means for modulating the amplitude of one
wave in accordance with a plurality of fre-
quencies  of distinet and different ranges,
and means  for suppressing from the re-
sultant modulated output components hav-
ing the frequency of said one wave and of
all of said modulating frequencies.

32, A sending system comprising means
at one station for modifying one wave by
another, ‘means for suppressing all com-
ponents of the resultant modulated wave ex-
cept one combination frequency, and means
at said station: whereby the unsuppressed
component modulates another wave.

33. A radio transmitting system compris-
ing at one station means for modulating
one wave in accordance with another, means
for suppressing all components of the re-
sultant wave except one side frequency,
means for modulating another wave in ac-
cordance with the unsuppressed side fre-
quency, and means at said station for radi-
ating energy controlled in accordance with
said last-mentioned modulation oulput.

84. A radio telephone transmission sys-
tem comprising a station having means for
modulating one wave in accordance iith
speech, means for suppressing all com-
ponents of the resultant wave execpt one
side band of a width approximately equal
to the width of the speech, means for modu-
lating another wave in accordance with the
unsuppressed band, and means at said sta-

tion for amplifying and radiating the out-

put of said last-mentioned modulating
means. '

85. In a successive detection signalling
system, the combination of the following
means arranged in tandem in one channel;
a receiving conductor, a detector, ampli-
fying and selecting means, a second detec-
tor supplied by currents traversing said
amplifying and selecting means, and an in-
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dicating device energized by current supplied
by said second detector, said amplifying
means producing amplification in addition
to-any incidental amplification in said de-
tectors.

- 86. In a double detection receiving sys-
tem comprising a channel for transferring
waves having inherent characteristics to be
reproduced, the combination of successive
detectors between which are locatéd ampli-
fying means and a band filter comprising
a plurality of sections.

37. In a multiplex transmission system,

- means in tandem for performing a plurality

of steps of modulation successively, and
means in each channel associated with one
of said means in tandem for suppressing

the unmodulated carrier component of the -

modulated wave before further utilizing
said wave in the system. :

38, In a multiplex transmission system,
means in tandem for performing a plurality
of steps of modulation successively, and
means in each channel associated with one
of said means in tandem for suppressinﬁ
the unmodulated carrier component an
one side frequency of the modulated wave

 before further utilizing said wave in the
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system.
39. The method of radio signaling, which

consists in modulating a plurality of closely -

spaced carrier frequencies in accordance
with low frequency signals, suppressing one
side band of each of the resultant modulat-
ed bands, so as to prevent interference with
the unsuppressed band of the adjacent chan-

nel, modulating another frequency with.

each of the unsuppressed bands, suppressi
the lower side band of the resulting b;:;g
and transmitting the unsuppressed band.
40. A radio signaling system comlgrising
a plurslity of low frequezxetz{ signaling cir-
cuits, modulators associated therewith for
modulating a plurality of carrier frequen-
cies in aecordance with low frequency cur-
rents transmitted over said circuits, means
for suppressing one of the resultant side
bands, a common modulator, means for im-
pressing the unsuppressed bands upon said
common meodulator in order to modulate

another frequency, means for suppressing
the lower band produced by the common
modulator, and means to radiate the un-
suppressed band. -

41. A signaling system comprising a
plurality of low frequency signaling cir-
cuits, modulators associated therewith for

“modulating a plurality of carrier frequen-

cies in accordance with low frequency cur-
rents transmitted over said circuits, means
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for suppressing one of the resultant side

bands, a common modulator, means for im-
pressing the unsuppressed bands on said
common modulator in order to modulate
current of  another frequency, and -means
for suppressing waves of all currents hav-

ing frequencies lying to one side of the

other frequency.

42, In a channel for selecting waves from ..

interfering waves, the combination in the
order named of the following elements; a
detector, a band filter, a second detector,
and-a second band filter. T

. 43. In a ‘multiplex signaling- system,

-a common demodulator for a plurshity of

channels, a plurality of demodulators each
for a plurality of channels supplied by said
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common demodulator, means for supplying

continuous waves to -each of said plurality
of demodulators, and a plurality of outgo-
ing channels supplied by each of said‘com-

‘mon demodulators.
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‘44, The method of signaling which

comprises producing a wave having a band
of frequencies including at least a portion
of the frequencies of a speech wave, invert-
ing the frequencies of said produced wave,
and modulating a carrier wave in ‘accord-
ance with said wave of inverted frequencies,
~ 45. A signaling system comprising means
for producing a wave of inverted uen-
cies comprising at least a portion of a band
of speech frequencies, and means for modu-
lating a carrier wave in accordance with
said produced wave.

In witness whereof, I hereunto sub-
scribe my name this 31st day of December,
A.D. 1917.

"HENDRIK J. VAN DER BIJL,
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