2,207,620

R. A. HILFERTY
WAVE SIGNALING METHOD AND APPARATUS

July 9, 1940.

Filed July 1, 1939

e

INVENTOR ’
erd A. 6’//2[02;/
RNiY

: HOLVHANZD ]
H3IATIdAY /N
. TYNDIS JM k
o_n5<\ INNISOVA
——s 3 ﬁ,./
vz o 3z
. oz —K i}
pA
z YOLYHINID
] & /] AON3NDIYJ
43ty > S £ “SNOINIDOYILIH
--—  owanv _ _
, i . .
/ mN\ 7 _||I_ s B r
ssvd LI
sz ¢ “ anve —= |
g
HOLYYINIO
————] H3LAaAY 341Ny
HOLVINGON HOLYINAOW IWNOIS
—_—— olany olany
INISOVS
\.\ \\ \\ .\\ - \
97 >4 2z VA oc
2 | Linouid VY
' DAY
& iﬁ._u.n. u_
: ¥0L53.130Q dOLVHINID NETRIN HOLVHINID
¥35n0408d3Y H3IdAY 43ty a3i
o AONINDIN S IYNDIS ssvd AON3IND3IL I
ERI olany ; -1dRY <I1dNY
SNOINISO¥ILIH INNWISIVS anve SNO3INIDONILIH
s . - ¢ ¢ &4 Vi :
~ ~ = Y, \ ; 7 7
27 # o7 2 7 Vi o7 /



Patented July 9, 1940

UNITED STATES

2,207,620

PATENT OFFICE

2,207,620

WAVE SIGNALING METHOD AND
APPARATUS

Richard A. Hilferty, Oceanside, N. Y., assignor to
Press Wireless, Inc., Chlcago, 1., a corpora-

tion of Delaware

Application July 1, 1939,, Serial No. 282,356
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This invention relates to wave signaling systems
and more especially to methods and apparatus
for compensating for level variations in a trans-
mitting medium of the wire or wireless type.

A principal object of the invention is to pro-
‘vide an improved method of transmitting signals,
such for example as tele-facsimile signals, fele-
graph signals and the like, so that the selective
fading characteristic of the transmitting me-
dium are compensated for.

Another object is to provide a system of tele-
facsimile transmission wherein the facsimile sig-
nals are simultaneously transmitted on a band
‘of heterogeneous carrier or sub-carrier frequen-
cies having predetermined lower and upper fre-
quency limits.

Arnother cbject is to provide a system of -auto-
‘matic gain control for a recelving amplifier
which utilizes the average ampiitude of a received
heterogeneous freauency band for level control,
thus avoiding the drawbacks incident to the use
of a single level confrol frequency. In accord-
ance with this object, instead of transmitting the
signals as a modulation of a single fundamental
frequency carrier or as a modulation of a plu-
rality of simultaneous carriers of one or more
dominant or fundamental frequencies, the signals
are transmitted as modulations of a “noise band”
carrier, that is one wherein a large number of
.~ frequencies are generated but without any domi-

nant frequency. An example of such a ‘“hetero-
geneous frequency” band may be ‘mentioned the
“noise” currents which are generated when an
-oscillating circuit is suddenly quenched at a lower
- frequency, of which a super-regenerative oscilla-
% tor of any known type is typical. I have found
that this ordinarily undesirable “noise” or hissing
can be practically utilized as a carrier or sub-
carrier for signals such as facsimile signals or
the like, and that it has highly advantageous
results when used for automatic Ievel control at
a receiving station.

Accordingly a feature of the invention relates
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to a sighaling system wherein a “noise” gen-

erator of a “heterogeneous frequency” band is
employed as a carrier or sub-carrier of message
signals such as telegraph signals, facsimile signals
and the like.

Another feature relates to a signal transmis-
- sion system wherein a “heterogeneous” carrier
frequency band is employed so as to produce a
smooth noise or hiss over a relatively wide por-

tion of the audio-frequency spectrum, the am--

plitude of the band being modulated in accord-

g5 ance with signals to be transmitted.

(CL 250—6)
A further feature relates to the novel organiza~

tion, arrangement and relative interconnection -

of parts which cooperate to produce a signaling

system which is singulaly free from the effects.
of fading or level variation in the transmitting

medium whether of the wire or wireless type.
Other features and advantages not specifically
‘enumerated will be apparent after a considera-

- tion of the following detailed descriptions and
10

the appended claims.
Inasmuch as the invention in its broad aspects
is -concerned with the method and apparatus of

. generating and utilizing a carrier or sub-carrier
of the “heterogeneous frequency” band type,
‘15

only those parts of a signaling system are shown
as will enable the inventive concept to be under-
stood and practised. Accordingly, apparatus and
connections. which are old or well-known in the
art will be illustrated in the drawing in sim-
plified or diagrammatic form,

ig. 1 shows in schematic form a transmission
system embodying features of the invention. '

Fig. 2 is a modification of Fig. 1.
. Pig. 3 is-a more detailed diagram oif connec-
tions of the system of Fig. 2 showing the “hetero-
geneous frequency” generator that may also be
used in the system of Fig. 1. '

It can be shown by mathematical analysis that
‘“npise” generated by the excitation or quensch-
ing of an oscillating circuit by means of other
waves of steep wave front, consists of innumera-
ble frequency components. Thus where the ex-
citation or-quenching is by means of a square
wave pulse, the frequencies are theoretically in-
finite in nuiber.
grid-controlled vacuum tube and exciting it with
square front waves, that.a series of separate fre-
quedcies are produced in the cutput:circuit, how-
ever these freguencies are generated on a regu~
1arly continuous time basis'and successively high-
er frequencies are regularly recurrent as far as
the time axis is concerned. Such an arrange-
‘ment is quite comtonly used in carrier telephone
systems. In contradistinction to this known type

of harmonic or ‘“homogeneous frequency genera- -

tor, the present invention contemplates the gen-
eration and utilization of the innumerable com-
ponent freguenecies
random time axis and will-be referred to herein
as a “heterogeneous frequency” band generator.
Tt is possible by proper excitation of a grid-con-

It is known that by using a -
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trolled' vacuum tube .to generate such “hetero- -

‘geneous frequency” bands so that the recurrence
of the individual frequencies of the band is not
on a harmonic basis, and the frequency recur-
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rence of any given wave or waves is fortuitous.
When such “heterogeneous” frequencies are gen-
erated in the audio frequenicy band they are evi-
dent to the ear as a smooth hissing in which no
particular frequency is outstanding or dominant.
In accerdance with the present invention, a pre-
determined portion of the spectrum of such a
“heterogeneous frequency” generator 'is selected
for example by band filters or the like, and this
band is used as a carrier or sub-carrier of signals
to be transmitted over a wire channel or a wire-
less channel. Consequently since at any given
instant at the receiver a signal is represented by
an innumerable number of individual heterogene-
ous carrier or sub-carrier frequencies, the effects
of selective fading can be materially reduced at
the receiver. Cne manner of utilizing this “hetero-
geneous frequency” band is to apply it to control
the generation of an automatic voelume control
sigsnal for application to a receiving amplifier.
Thus where the signals are transmitted over a
radio channel, it is well-known that individual
frequencies are very often subjected to selective
or non-uniferm fading. Consequently two fre-
quencies separated by a small fraction of a per-
cent wiil not always fade simultaneously and to
the same extent. In the usual system of am-
plitude-modulated carrier transmission where the
transmission is carried out by means of a sub-
carrier usually of audio frequency, only a single
sub-carrier is employed for the signals. Con-
sequenly at any given instant at the receiver,
there will be present the sub-carrier frequency
and its upper and lower side-band frequencies.
It is the usual practice in applying A. V. C. sig-
nals at the receiver, to generate such A. V. C. sig-
nals in accordance with the received carrier or
sub-carrier frequency alone, and the side-band
fequencies may fade in and out irregularly with
respect to the carrier or sub-carrier although the
latter may be held quite constant. In accord-

ance with the present invention, by using sub-

carrier frequencies of the “heterogeneous fre-
quency” band type and utilizing these “hetero-
geneous frequencies” for A. V. C. control pur-
poses there is assured at all times a considerable
number of frequencies for the A. V. C. control.
Consequently even if some frequencies are actual-
ly missing as a result of selective fading, there
will be sufficient remaining to prevent a com-
plete loss of the receiver output.

‘Referring to Fig. 1, the numeral | represents a
device for generating a “heterogeneous” fre-
quency wave spectrum wherein the individual fre-
quencies are generated fortuitously or at random

50 far as timing is concerned. - For example there

is shown in Fig. 3, one typical generator com-
prising a grid-controlled vacuum tube 2 having
its input and -output circuits connected in feed-
back relation through the tuned oscillatory cir-
cuit 3, 4, so as to generate super-audible oscil-
lations which are interrupted at a super-audible
rate under control of the grid condenser 5 and
grid leak resistance 8, it being understood that
the D. C. voltage for plate 7 is applied through
the output transformer winding 8 in series with
the high frequency choke coil 8. This generator
is therefore of the well-known super-regenera-
tive type and any other well-known form of such
generator may be employed. As is well-known in
the art, the output of such a generator produces
a steady “hissing” or smooth noise which is free
from any one dominant or regularly recurrent
frequency component.

The audio-frequency or hissing output of de-

vice | (Fig. 1) is then passed through a suitable

band-pass filter I8 of known design whereby a
predetermined section of the audio-frequency

spectrum of the “noise” currents is passed to-
Device Il may.

the signal generating device i{.
be any well-known form of telegraph transmitter
such for example as a telegraph keying appara-
tus whereby the currents from the. filter (0 are
keyed in accordance with message signals. If
desired, the device {{ may be of any well-known
form of tele-facsimile signal generator including

means for optically scanning a representation to

convert it into corresponding electric signals.
The output of flter (0 is applied to the fac-
simile scanning equipment so that the output of
device ! consists of the “heterogeneous fre-
quency” sub-carrier of audio-frequency modu-~
lated in accordance with the instantaneous fac-
simile signals. The modulated heterogeneous fre-
quency sub-carrier can then be amplified in any
suitable amplifier {2 and impressed upon the
transmission link {8 which may be a wire chan-
nel or a radio channel.

At the receiving station, to which: t”xﬂ channel
{3 is connected, the received waves are ampli~
fied in’ a suitable amplifier (€ including prefer-
ably a stage employing a grid-controlled- am-
plifier tube (not shown) which is arranged in
the usual way to have its gain controlled by an
A. V. C. signal. Afler amplification the hetero-

geneous irequency sub-carrier is detected in any-

well-known detector whereby the original signals
are also defected and applied to the audio-ire-~
quency amplifier {6 the output of which is ap-

plied to any well-known form of signal repro-:
A portion of the detected sub-carrier °

ducer 47.
heterogeneous frequencies from device 15 are ap-
plied to any well-known form of A. V. C.:cir-
cuit {8 whereby there is produced a D. C. signal
representative of the average amplitude of the

heterogeneous carrier frequencies as actually re- ..

ceived from the link {4. These A. V. C. signals
are then applied in the usual way over the A, V.
C. conductor 9 to control the gain of the recelv-
ing amplifier 14,

Referring to Fig. 3, there is shown a slightly
modified form of the invention. The signals from
the facsimile or telegraph signal source 20 are

amplified in amplifier 24 and are applied to any-

well-known form of modulator network 22 which
is fed with a “heterogeneous frequency” band
sub-carrier from the generator 23 through the
band-pass filter 24. - After amplification in the
audio-frequency amplifier 2§ the signal modu-

lated sub-carrier is applied to the modulation.

network 2§ of any well-known form of carrier
transmitter the carrier generator of which is rep-
resented by the device 27. The doubly modulated
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carrier wave is then transmitted to the receiving -

station where after suitable amplification it is
subjected to double demodulation to detect the
“heterogeneous frequency” sub-carrier in order
to generate the local A. V. C. signal as described
in connection with Fig. 1, and to detect from
the sub-carrier the original signals to be repro-
duced.

Referring to IFig. 3, there is shown in more
detail, one modulating -arrangement that is rep-
resented by the blocks 22, 23, 24 of Fig. 2. The
heterogeneous- frequency generator 23 is Trep-
resented by the grid-controiled vacuum tube f
which as above described is provided with known
circuit connections whereby it acts as a super-
regenerative oscillator. Connected in the grid- -
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resistor to which is applied the output of the
signal amplifier 21 so that the “noise” current
in the output transformer 29 is modulated in
accordance with signals from source 28. - It will
be understood of course that any other suitable
way - of modulating the “ngise” currents of the
super-regenerative oscillator to produce the sig-
nal-modulated heterogeneous frequency sub-car-
rier may be employed, and other changes and
modifications may be made in the disclosed em-
bodiments without departing from the spirit and
scope of the invention. While in the foregoing
description reference has been made to the pro-
duction of a heterogeneous frequency in the audio
frequency band, it will be understood of course
that the heterogeneous frequencies that-are used
as the carrier or sub-carrier may be in the super-
audible spectrum or in the radio frequency spec-
tum.

What I claim is:

1. The method of signaling which includes the
steps of generating a heterogeneous frequency
band wherein the frequency recurrence of any
given wave or waves is fortuitous, modulating
said band by a signal to be transmitted, and ap-
plying the modulated band to a transmission
channel.

2. The method of signaling which includes the
steps of generating a heterogeneous frequency
band wherein the frequency recurrence of any

given wave or waves is fortuitous, modulating

said band by a signal to be transmitted, receiv-
ing the modulated band, and detecting from the
received band the signal to be transmitted.

3. The method of signaling which inchides the
steps of generating a “noise” band consisting of
heterogeneous frequencies wherein the frequency
recurrence of any given wave or. waves is fortu-
itous, modulating said band by a signal to be
transmitted, receiving the modulated band to de-
tect the signal therefrom, and deriving from the

received heterogeneous frequenmes a level con--

trol signal.

4. The method of signaling which includes the
steps of generating a carrier in the form of a
band of heterogeneous audio frequencies wherein
the frequency recurrence of any given wave, or
waves is fortuitous, modulating said band by a
signal to be transmitted, receiving and detecting
the -signal from the band, and controlling the

level of the detected signal by generating a level:

control  signal in accordance with the average
level of the received heterogeneous frequencies.
- 5. The method of signaling which includes the
steps of exciting an oscillatory circuit by waves of
a super-audible frequency to generate a large
number of heterogeneous frequencies wherein the
frequency recurrence of any given wave or waves
is fortuitous, selecting from said frequencies a
predetermined band, modulating said selected
band by a signal to be transmitted, receiving
and amplifying said modulated band, and apply-

ing a portion of the received band to control the
level of the amplification to compensate for se-
lective fading in the transmission medium.

6. The method of radio signaling which in-:

cludes the steps of generating a plurality of sub-
carrier frequencies of heterogeneous frequencies
wherein the frequency recurrence of any given

- wave or waves is fortuitous, modulating said fre-

quencies by a signal to be transmitted, modulat-
ing a radio carrier by said modulated frequencies,
receiving the modulated radio carrier and detect-
ing therefrom the sub-carriers, and detecting
from the sub-carriers said signal.

7. The method of signaling employing a super-
regenerative oscillator which includes the steps
of generating a signal to be transmitied, excit-
ing the oscillator to produce heterogeneous waves
wherein the- frequency recurrence of any given
wave or waves is fortuitous, applying said signal
to the oscillator to modulate the normal “noise”
currents in the output circuit thereof, and trans-
mitting said modulated “noise” currents to a dis-
tant receiving station.

8. In a signaling system, means to generate a
band of heterogeneous frequencies wherein the
frequency recurrence of any given wave or waves
is fortuitous, means to modulate said band by a
signal to be transmitted, and means to apply said
modulated band to a transmission channel.

9. In a signaling system, means to generate a
series of heterogeneous frequencies wherein the
frequency recurrence of any given wave or waves
is fortuitous, the series being free from any domi-
nant or fundamental frequency, means to modu-

late all said frequencies simultaneously by a sig-

nal, and means to transmit said modulated
frequencies to a distant receiving station.
10. In a signaling system, a super-regenerative

- oscillator for generating “noise” currents com-

posed of heterogeneous frequencies wherein the
frequency recurrence of any given wave or waves
is fortuitous, a band-pass filter for selecting a
predetermined band of said ifrequencies, and
means to modulate said selected band by a 51gna1
to be transmitted.

11. A signaling system according to claim 10,
in which means are provided to receive said mod-~
ulated band and to detect therefrom the signal
being transmitted, and means to derive from the
received . “noise” currents a level control signal.

12. In combination a grid-controlled vacuum
tube, a feed-back circuit between the input and
output of said tube for generating super-audible
oscillations, means associated with said tube.to
interrupt said oscillations to generate in the out~
put circuit ‘“noise” currents wherein the fre-
quency recurrence of any given wave or waves is
fortuitous, means to apply a signal to be trans-
mitted to said tube to modulate said “noise” cur-
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rents, and means to apply said modulated noise g

currents as a carrier to a transmission channel.
RICHARD A. HILFERTY,




