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My invention relates to signaling systems and
it has a particular relation to high speed sys-
tems of the type wherein a perforated tape or the
like is utilized at the transmitter and means at
the receiver are utilized for making a permanent
record of a received message.

Heretofore, in systems of the general type to
which my invention pertains, the limitation upon
the speed of transmission and reception has
been largely mechanical. That is to say, refer-
ring for example to teletype systems, the inertia
of the moving parts at the receiver prevents
ultra high speed and in printing telegraphs the
same-limitation appears.

It is, accordingly, an object of my invention
to provide a signaling system wherein the speed
of transmission and reception is substantially
unlimited, within reason, and a permanent record
of the message is formed.

Another object of my invention is to provide
a system of the type described that shall be sub-
stantially unaffected by static.

Another object of my invention is to provide,
In a signalling system of the type referred to,
receiving apparatus that shall enable the making
of a photographic record of an incoming mes-
sage. : :

Another object of my invention is to provide
a novel receiving tube wherein inconiing elec-
trical impulses representing message-characters
may ke translated into light and the light there-
from is of such nature that it may be utilized
Tor the purpose of making a photographic record.

A still further and more specific object of my
invention is to provide a novel receiving tuke of
the cathode ray type that shall be capable of
translating incoming electrical impulses repre-
senting characters of a message into visible re-
plicas of the said characters, which replicas may
be utilized for photographic recording.

. The novel features -of my invention are set
Jforth with particularity in the appended claims:
the invention itself, however, both as to- its
organization and its method of operation, to-
gether with additional objects and advantages
thereof, will best be understood from the fol-
lowing description of a specific embodiment when
read in connection with the accompanying draw-
ings, wherein: .

Figure 1 is a diagramamtic view, highly con-
ventionalized, of a signaling system embodying
my invention,

Figure 2.is a view of a perforated tape of the

type utilized in the transmitting portion of my

system,

1940, Serial No. 341,196
(CL 178—15)

Figure 3 is a view partly in section exemplify-

" ing the manner in which the perforated tape is

utilized for the purpose of providing a plurality

of groups of electrical impulses, each group of

5 impulses being representative of a message-char-
acter, :

Figure 4 is a circuit diagram exemplifying the
utilization of photo-electric currents for the pur-
pose of controlling the modulation of a trans-

10 mitter. _

Figure 5 is a circuit diagram of a receiver
utilized in my system,

_ Figure 6 is a conventionalized view, partly in
section, of my novel cathode ray translating tube

15 and exemplifying the manner in which the tube
is employed for the purpose of photographically
recording an incoming message,

Figure 7 is a view in vertical section of a gun-
element of the cathode ray tube shown in Fig-

29 ure§, ’

Figure 8 is an enlarged view of one of the dia-
phragms in the element shown in Figure 7,

Figure 9 is a view in vertical elevation of the
electron gun asesmbly exempilified by Figure 6,

25 looking into ‘the tube from the recording end
thereof,

« Figure 10 is a fragmentary view, partly in sec-
tion and partly in vertical elevation, exemplify-
ing an alternative form of my cathode ray tube.

39 Figure 11 is an enlarged secticnalized view of
one of the electron guns shown in Figure 10,

Figure 12 is a fragmentary view in vertical
section exemplifying an alternative embodiment
of my invention, and

25 Figure 13 is an enlarged elevational view of a
portion of the apparatus shown in Pigure 13.
In accordance with my invention, I provide
means for transmitting two modulated carrier
. waves by wire or radio, the said waves being
40 utilized at the receiving end of the system for
"determining the momentary angles of deflection
cof a locally generated cathode ray, the coordi-
nates of the position of the ray in turn determin-
ing a particular character-of a transmitted mes-
45 sage. More specifically, referring now to Figure

1 of the drawings, at the transmitting end or
the system, I provide two radio transmitters {
and 3, two carrier frequency generators 5§ and 1,
two signal frequency gererators 9 and ti, and

50 two modulators 3 and (5, the percentage of

modulation in each modulator being determined,
simultaneously, by the output from two photo
electric cells 17 and 19. At the receiving end, it
being understood that the two transmitters send
23 on- different carrier frequencies, I provide two
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receivers 21 and 23 permanently tuned to the car-
rier frequencies and two converters 25 and 21
for changing the incoming signals to D. C. poten-
tials, which potentials are simulfaneously im-
pressed across pairs of deflecting plates 29 and
31 in a cathode ray receiving tube.

For the purpose of providing message modu-
lated light for the two transmitting photo-elec-
tric cells, 1T and 19 I provide, as shown in Fig-
ures 2 and 3, a perforated tape 33 that is caused
to advance between the photo electric cells and
a pair of light sources 35 and 37, the light falling
on the photo tubes being limited by two slots 38

10

and &1 in a mask 43 interposed between the said -

tubes and the light sources.

Referring still to Figure 2, it will be noted that
the tape carries a plurality of paired groups of
.perforations disposed at each side of the center
thereof, the groups extending transversely of the
tape in alignment with the respective slots in
the mask, whereby, when the tape is caused to
advance between the light sources and the photo
tubes the amount of light reaching each tube
is determined by the number of perforations mo-
mentarily interposed between it and its individ-

ual light source. It will also be noticed that the

several transverse slots in the mask are nar-
rower than any perforation through the tape,
considered in the direction of the travel thereof,
whereby each group of the said perforations
dwells for a short space of time before the slot
corresponding to-it, The slots in the actual ap-
paratus are much narrower than shown in the
drawings. :
In Figure 2, I have made no attempt to ex-
emplify an actual message but have shown in-
_stead the manner in which the transverse paired
groups of perforations may be sa designed as to
the relative number of perforations per group
that 49 separate and distinct characters may be
transmitted. It may be pre-punched by any
suitable device. - | ] ]
'The manner in which each one of the two
- photo electric cells is utilized In the transmitter
to modulate a carrier wave is’ exemplified by the
.transmitter diagram of Figure 4. The space cur-
rent path in a photo tube is connected in series
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tube 49 and the strength of the input thereto
from the signal frequency generator.

1t will be noted from inspection of Figure 4,
that the direction of current flow through the
photo tube and the resistor 47 is such that in-
creased current produces a more negative po-
tential upon the grid of the thermionic tube 49
connected thereto lessening amplification there-

"in. In the operation of the apparatus, when no

light through the perforated tape reaches the
photo -electric cell, the resistor 5( across which
the signal frequency is impressed is so adjusted
that the normal self-bias applied to the grid -
from the cathode resistor 57 is just sufficient fo
permit 100% modulation of the carrier frequency
in the modulator tube. Obviously, when light
falls upon the cathode of the photo electric cell,
the bias applied to the tube becomes more nega-
tive, thus lessening the percentage of modula-
tion. The amount of modulation of the carrier
of each transmitter from maximum, or 100%, to-
ward zero is controlled in seven discreet steps
depending upon the number of perforations in
the group of perforations that momentarily per-
mits light to reach the corresponding photo cell.

Referring once more to Figure 2 of the draw-
ings, it will be noted that the paired groups of
perforations allocated, respectively, to each of

- the forty-nine characters are so chosen that the

light ‘simultaneously reaching the two photo
tubes differs, the amount of difference depending
upon the particular character momentarily being
transmitted. For example, the paired groups of
perforations representing the character “A” are
equal. Thus, when “A” is being transmitted,
each photo-cell receives the same amount of
light, this amount being the greatest of the seven
different amounts controlled by the perforations,
and the percentage of modulation of each carrier
will be changed from 100% to the lowest of the
seven predetermined amounts. Again, if the
character “G” is being transmitted, it will be

~ noted that one unit of light reaches one of the

45

with a source 45 of potential and a biasing re- .

sistor 47, which resistor:is included in the input
circuit of a thermionic tube 49 in series with an
additional adjustable resistor across which a
modulating frequency at constant amplitude is
impressed. The modulating frequency, for €x-
ample, may be within the audible range, such
. as one thousand cycles or the like, and 1t is pref-
_erably the same for both photo tubes. The anode
“ circuit of the thermionic tube includes the pri-
mary coil 53 of a transformer, a source 55 of po-
téntial and a self-bias resistor 57 shunted by a
by-pass condenser 59. . :
The secondary coil GI‘ of the transformer is

60

[y

included in the anode circuit of a modulator tube -

-63, in series with an impedance device such as
a tuned circuit 65. The carrier frequency is
jmpressed upon the input circuit of the modu-
lator tube 63 from an oscillator (not shown) and
appears across the impedence device, modulated
by the signal frequency which is introduced into

the anode circuit thereof from . the sgcondary-

winding of the transformer.

_ The percentage of modulation of the carrier
‘frequency depends upon the amplitude of the
signal frequency supplied to the anode circuit
from the photo-cell-controlled tube 49; the said
signal frequency amplitude, in turn, is a function
'of the negative bias applied to the grid of the

photo-tubes while seven units of light reach the
other tube. In that event, one carrier is mod-
ulated at the highest percentage of the seven
predetermined amounts eblow 100% while the
other carrier is modulated at the lowest of the
seven predetermined percentages.

Each character is represented by analogous
dissimilar paired groups of perforations. This
feature of my invention is very important be-
cause, as will be clear to those familiar with
mathematics, each character may be denoted by
XV coordinates. As an example, referring
also to Figure 9, “A” could be represented by
—TX,TY; “G” by —X, TY; “T” by —2X, 5Y, and
so on with the remaining characters, each char-
acter thus being capable of being represented
by a definite locus in a plane. The manner in
which I take further advantage of the geometric
relation between the perforation-greups and of
the consequent geometric relation of the per-

_ centages of modulation of the two carrier waves,

63

70

H

in the receiver, will be apparent hereinafter.

Referring now to Figures 1 and 5 of the draw-
ings, two modulated carrier waves are received by
two separate radio receivers 21 and 23 tuned, re-
spectively, thereto and two D. C. potentials are
derived therefrom by two converters 2§, 21. The
amplitudes of the D. C. potentials are propor-
tional to the percentages of modulation of the
two carriers. -It is to be understood, of course,
that the carrier waves may be transmitted either
by radio or over line wires or the equivalent.
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As shown in Pigure 5 of the drawings, the
receiver and converters are conventional in de-
sign comprising a detector 67 and ampilfier and
a thermionic tube 7f having an auxiliary diode
circuit on which the detected and amplified sig-
nal is impressed. The last mentioned tube func-
tions in a manner well known to those skilled in
the art and provides, across a resistor 13 included
in the output circuit thereof, a D. C. potential
proportional to the amplitude of modulation of
the incoming carrier wave.. Inasmuch as each
‘receiver is provided with AVC, the 1009% modu-
lated portions of the several carriers, correspond-
ing to darkness at the transmitting photo cells,
inay be kept at; & definite level which will serve as
the upper limit of a gauge or a voltage. The
varying momentary “drops” from this constant
level will be voltages that represent the coordi-
nates of a message character as hereinbefore ex-
plained.

For the purpose of making use of the voltages
representing character coordinates, I prefer to
utilize a composite cathode ray tube of novel
design exemplified by Figure 6 of the drawings.

Such a tube has at one end thereof a thermionic :

cathode 75, a grid 17, an electron gun 19 and two
pairs of deflecting plates 28 and 31. At the ex-
treme opposite end of the tube the interior sur-
face carries a layer 8! of fluorescent material
such as Willemite or.the like. At the position in-
termediate the two ends of the tube is disposed
a transparent screen 83 coated, on the side fac-
ing the deflecting plates, with a layer 85 of fAlu-
orescent material. Opposite the side of the
screen facing the fluorescent end of the compos-
ite tube, which screen may be curved as shown
in the drawings, is mounted a metallic support-
ing element 87 provided with forty-nine conical
cups 89 having their larger openings exposed to
the partition bearing the fluorescent material
and their smaller openings pointing toward the
open ends of an equivalent number of electron
guns 81 carried and electrically connected to-
gether by a second metallic supporting element.
The cups and the electron guns corresponding
thereto are arranged, substantially as shown in
Figure 9, in seven rows, each row comprising
seven cup-gun combinations. The cups and
guns, therefor, have definite X—Y coordinates as
explained in connection with the description of
‘my transmitting tape.

Preferably, the composite tube takes substan-
tially the form of a double cone with the fluores-
cent screen interposed at the junction of the

bases thereof and the electron guns mounted in 5

that portion, the end of which carries the fluores-
cent screen. Each of the guns, which may be
made from nickel or an analogous material, is
provided as shown in Figure 7 with one or more
‘electron-limiting perforated diaphragms 95, 97,
the opening in the diaphragm 97 nearest the flu-
orescent screen in each gun corresponding in
contour to a message-character. It will also be
noted from an inspection of Figure 6 that the
guns are trained ‘upon the center of the fluores-
cent screen. ‘

The interior surface of each of the cups has a
coating 99 material, such as a caesium compound
which, when exposed to light from the centrai

" fluorescent screen, emits photo electrons and the -

"cups 89 are maintained at a negative potential
with respect to the guns 81. The potential may
be derived from any suitable source such as. a
battery 191, the most positive point in the source
being connected to a focusing anode (03 mounted
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within the tube. The portion of the tube, extend-
ing toward the deflecting plates, is also supplied
with an interior focusing anode 105 which is
maintained at a high positive potential with re-
spect to the thermionic cathode 1.

In the operation of the receiving tube, poten-
tials determined by the light received by the sev-
eral transmitting photo-cells, as the tape moves
before them, are impressed from the two-receiver
convertiers, respectively, across the several pairs
of deflecting plates. When these two potentials
are equal and maximum, corresponding to the
no-signal condition, the cathode ray assumes a
position designated 0 in Fig. 9. If now the letter
“A"” is transmitted and received, the modulation
of each carrier is reduced seven units, and-the
ray is deflected to a position on the main flucres-
cent screen in front of the cup-gun combination
wherein the diaphragm 97 has an opening con-
forming in contour to that letter. Such position -
might be represented by the notation —7X,
7Y ... Analogous dissimilar bairs of -poten-
tials, each less than the maximum corresponding
to 100% modulation at the transmitter, cause
proportional deflections of the cathode ray which
ray dwells on the proper spot on the screen for
the space of time required for a row of perfora-
tions to travel between the photo-cells and the
light sources in the transmitter. ) :

Light emitted by the main fluorescent screen
85, at any given position of the defected ray,
falls upon the interior surface of the conical cup
839 allocated to that position and .causes the emis-
ston of photo-electrons that are accelerated
through the corresponding gun 91 to ultimately
impinge upon the small fluorescent screen 81 at
the recording end of the tube. As the stream of
electrons emerges from the gun, it. has a cross
section corresponding to the contour of the char-
acter-perforation in the interior gun-diaphragm.

. For example, if the gun-diaphragm is provided

M0

G0

- the moving light sensitive material.

with a U-shaped perforation, as shown in Figure
8, only those electrons corresponding to the U
will pass therethrough and will be shot against
the fluorescent screen 81 at the extreme end of
the tube and thereat will be reconverted into a
visible image of the said character for the pur-
pose of recording the said character.

A lens system (67 is provided which focuses -
light from the fluorescent screen onto a moving
strip 109 of photo-sensitive material., A dia-
phragm {I{ having an opening {i3 therethrough
may be interposed between the lens system and
Chviously,
the entire apparatus may be enclosed in a light-
tight housing to prevent the light-sensitive mate-
rial from receiving any light other than that
transmitted to it from the fluorescent screen by
way of the lens system. 'The specific arrange-
ment of the housing and other details of the film
advancing mechanism form no part of my pres-
ent invention and, for that reason, they have not
been illustrated.

The film or other light-sensitive material is
given continuous motion past the opening in the
mask, the rate of travel being commensurate with,
the rate of travel of the perforated tape of the
transmitter. By this, I mean that the linear
speed of the record-receiving material should be
such that an unexposed portion thereof is moved
into place during the instant of time consumed
by the ¢athode ray in moving from one point on
the fluorescent screen to another.

Because of the fact that the cathode ray itself
is devoid of inertia the speed of transmission is
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limited only by the rate at which the transmitting
tape may be caused to moveé past the transmitting
photo cells, the photo-sensitivity of the record
receiving material and the maximum speed at
which- the said material may be caused to pass
through the apparatus.
problems has led me to the conclusion that the
ultimate speed obtainable by my improved system
is much greater than with any other system here-
tofore utilized, althiough at this time I am unable
to state with certainty the maximum number of
words per minute the system is capable of han-
dling. :

Instead of converting the cathode ray into
light and reconverting the light into an electron
stream to represent a character of a message, it
lies within the scope of my invention to utilize
the deflected cathode ray itself, reinforced by
secondary electrons, for that purpose. Referring
to Figures 10 and 11, when employing the cath-
ode ray direct the central, fluorescent screen
§3—85 is omitted and the cups 89 are provided
with an inner coating of material that freely
emits secondary electrons when under- bombard-
ment by the ray. A suitable coating is aluminum
oxide.

In order to more efficiently make use of the
cathode ray, the cups are focused, so to speak,

upon the opening of the gun 719 in‘the cathode--

ray generating portion of the composite tube;
the construction of the small guns irained on
the fluorescent screen is the same as that shown
in Figures 6 and 7. : .

When receiving a signal by means of the al-
ternative embodiment of my invention, the cath-
ode ray, as it dwells within the opening of par-
ticular cup 89 corresponding to.a message-char-
acter being momentarily received, causes the
_emission of secondary electrons. Such secondary

electrons, together with electrons from the ray

itself, are accelerated through the small gun 91
associated with the cup because of the positive
potential applied thereto. The contour of the
electron stream is determined by the perforation
in the diaphragm 97 near the end of the small
gun and the modified stream, under the influence
of the potential of the focusing anode, strikes
the fluorescent screen in the end of the tube to
provide a visible image of the character.

It also lies within ‘the scope of my invention ;

to omit the perforated diaphragm in the small
guns and to control the cross-section of each
minor stream of electrons directly at its_source.
- That modification is exemplified by Figs.12 and

13 of the drawings and comprises -the partition ;

83 carrying the main fluorescent screen 85 as ex-
emplified by Figure 6. I dispense, however, with
the cups carrying photo-emissive material and,
instead, deposit such material on the surface of
the partition, facing the small electron guns, in
the form of a character 115 itself. The charac-
ters electrically interconnected in order that they

@

My research into these
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a potential gradient is maintained aloug the
common axis thereof by connecting them to stic-
cessively more positive points on a voltage source

119 the negative terminal of which is connected

to the conductive layer on which the characters
are formed.

From the foregoing description of my inven-
tion it will be seen that it offers practically un-
limited possibilities insofar as rapidity of trans-
mission and reception are concerned. Tran-

~ sients, such as static, will affect both receivers to

13

20

40

60

may be maintained at a negative potential with

respect to the associated electron guns. For that

purpose, the surface of the partition may be pro--

vided with a substantially transparent metallic

coating of gold or silver by the well known sput-

tering process before the characters are formed
thereon. The coating is too thin to illustrate.

Because of the fact that the electron stream at

its origin, has the proper cross section to repre-

. sent-a message character, the small guns 81 may

‘each be a 'plain cylinder devoid of diaphragms

or they may be constituted by a plurality of rings

111, as shown in Figure 12, When rings are used,

(s

substantially the same degree and, consequently
they will give rise to equal decrements of poten-
tial across the pairs of deflecting plates. Even
if strong, static will only urge the cathode ray
diagonally of the screen toward the zero posi-
tion thereon corresponding to'100% modulation.
If, as a result of static, therefore, a character is
omitted from the recorded message it may easily
be interpolated by reference to a chart such as
shown in Figure 9. The appearance of any re-
corded character itself cannot be marred by in-
terference, because the ray must dwell for an
appreciable length of time on a given portion of
the screen to give rise to a photographic repre-
sentation of the character.

No synchronization of the transmitter and the
receiver is necessary as in other well known sys-
tems because the transmitter tape does not have
to run at the same speed as the film.

The receiver being free of moving parts and
electrical contacts is less likely to give trouble, at
the same time being more reliable.

The high speeds possible will permit greater
use of expensive land lines and submarine cables.

A signaling system of this type has possibilities
for secret signaling. : -

Although I have shown and described a few
specific embodiments of my invention, many
other modifications thereof will be apparent tc
those skilled in the art to which it pertains. My
invention, therefore, is not to be limited except
by the prior art and by the spirit of the appended
claims. o .

I claim as my invention:

1. In a sighaling system, means for generating
and for transmitting two carrier waves, means-
for simultaneously and individually moduldting
said waves to predetermined percentages in ac-
cordance with a message-character, two receiv-
ing devices for individually receiving said mod-
ulated waves, means connected to each receiving
device for deriving two unidirectional potentials
proportional; respectively, to the percentages of
modulation of the received waves, a cathode ray

‘tube provided with two independent ray-defiect--

ing systems at one end, a fluorescent screen af
the. opposite end, means interposed between the
ray-deflecting systems and the screen for deriv-
ing a plurality of minor electron streams from
the cathode ray, and means for simultaneously
impressing said unidirectional potentials upon
said systems, respectively, to thereby control the
deflection of the cathode ray over said interposed
means. : ' .

2. In a signaling system, means for generating
and for transmitting two carrier waves, means
for simultaneously and individually modulating
said waves at a constant frequency, means for
controlling the percentages of modulation, re-
spectively, in accordance with a message-charac-
ter, two receiving devices for individually receiv-

_ing said modulated waves, means connected to

each receiving device for providing an unidirec-
tionsl potential proportional to the percentage of
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modulation of the wave received thereby, a cath-
ode ray tube having a target adapted to provide
secondary electrons in response to the cathode
ray, and independent ray deflecting systems for
causing the ray to move over the target, means
for simultaneously impressing said potentials
upon said systems, respectively, to thereby deter-
mine the coordinates of the point of impact of
the ray upon the target, and means for making
a record of the loci of the successive points of
impact of the ray upon the target.

5

10

3. The invention set forth in claim 1, wherein.~

the modulating means cause the {wo carrier
waves to be modulated in definite, predetermined
" steps. o :

4. The method of signal transmission .which
comprises generating two carrier waves having
different constant frequencies, causing each wave
to be modulated at a substantially constant low-
er frequency, causing the percentage of modu-
lation of each wave to differentially vary in pre-
determined steps, the relative percentage of mod-
ulation of the two waves corresponding to a
deflnite message-character, and causing said
waves to simultaneously travel to a remotely dis-
posed receiver. ‘ .

5. The method of signaling which comprises
generating and transmitting two modulated car-
rier waves simultaneously, causing the percent-
age of modulation of said waves to differentially
change in accordance with a message character,
deriving two uridirectional potentials from said
waves proportional, respectively, to the percent-
ages of modulation thereof at any given instant,
generating a cathode ray, utilizing said potentials
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to control the angular deflection of said ray, and
making a record of the coordinates correspond-
ing to each deflection thereof. '

6. The method of signaling which comprises

generating and transmitting two modulated car- =

rier . waves simultaneously, causing the percent-
age of moduldtion of said waves to differentially
change in accordance with a message-character,
deriving two unidirectional potentials irom said
waves proportional, respectively, to the percent-
ages of modulation thereof at any given instant,
generating a cathode ray, utilizing said potentials
to control the angular deflection of said ray, de-
riving a stream of secondary electrons from the
ray, utilizing the secondary electrons to energize
a fluorescent screen and making a photographic
record of the instantaneous appearance of said
screen. ' )

7. The method of signaling -which comprises
generating and transmitting two modulated car-
rier waves simultaneously, causing the percent-
age of modulating of said waves to differentially
change in accordance with a message-character,
deriving- two unidirectional potentials from said
waves proportional, respectively, to the percent-
ages of modulation thereof at any given instant,
generating. a cathode ray, utilizing said poten-
tials to control the angular deflection of said ray,
causing the ray to control the generation of a
stream of secondary electrons proportional in
section to the angular deflection of the cathode

. ray, and deriving a photo-chemical effect propor-

35 .

tional to the cross-section of the secondary elec-
tron stream.
JOSEPH T. McNANEY.




