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The present invention relates to oscillation
generators and is directed primarily to the vacu-
um tube and its associated oscillation circuit, and
provides ways and means by which the generated
be modulated directly without
the need of restorting to separate modulation
devices. The invention is particularly useful for
facsimile or television transmission purposes in
connection with the so-called “scanning heads”,
although it is apparent that the use may readily
be extended to voice telephony and telegraph or
printer telegraph circuits.

In the prior art, so far as we are aware, it has
heretofore been customary to generate oscilla-
tions by means of a vacuum tube oscillator or the
equivalent and then to supply the output energy
from the oscillator and its associated circuit to a
modulator tube upon which is also impressed sig~
nal energy corresponding to a message form or
the equivalent which is to be transmitted. In
this manner the oscillations of any suitable fre-
quency generated by the oscillator are modulated
as to amplitude and then transmitted by radio
or wire line transmission.

Tt has also been suggested in the prior art to
modulate a tube oscillator thmough the use of
controlling potentials upon one electrode thereof
or to use a multi-electrode tube as an element by
which a beat frequency resulting from two im-
pressed frequencies will be obtained. However,
these arrangements of the prior art are, so far
as we are aware, of insufficient stability to be of
great usefulness in picture transmission work,
and, therefore, recourse has been had to the use
of a multi-electrode tube which will function
smoothly with high power and still provide ex-
tremely stable operation.

An object of the present invention is to sim-~
plify the arrangements heretofore known and
used in the prior art by providing ways and means
whereby the abovementioned features may be car-
ried out through the use of a single vacuum tube
only with considerably increased stability of op-
eration.

Another object of the invention is to provide an
oscillator circuit, which is generally similar to
the type heretofore disclosed by Hartley, except
that use is made of a multi-electrode tube, known
generally as a pentode, comprising the usual hot
or even a cold electrode that emits electrons and
four additional electrodes, that is, preferably cold
electrodes, which are so connected in the circuit
that the hot cathode or the cold electron emitting
cathode, the screen electrode and the plate elec-
trode or anode form the electrodes connected
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with the usual oscillation circuit and wherein the .

usual grid electrode of the vacuum tube is used
as a means by which the generated oscillations
are modulated as to their amplitude, and then

so that the suppressor electrode is connected di- -

rectly to the cathode.

Further objects of the invention are to provide
an oscillator which can be modulated directly,
which is simple in its construction, an oscillator
which is ideally adapted for use with picture
transmission systems, and an oscillator which
can be constructed with equipment now obtain-
able in the open market.

Other objects and advantages of the invention
will, of course, become apparent by a reading of
the following specification and claims in connec-
tion with the accompanying drawing; wherein
Figure 1 illustrates one form of a multi-electrode
tube oscillator using a hot cathode tube wherein
the modulation source is connected by way of a
direct current coupling, and Figure 2 illustrates a
modification of Figure 1 wherein modulating sig-
nals are impressed upon a cold cathode type of
multi-electrode tube oscillator.

To refer now to the drawing, and first to Figure
1 thereof, the multi-electrode tube 1, having
therein the usual electrode elements comprising
2 hot cathode 3, which may be heated directly
or indirectly, and a plurality of cold electrodes
commonly known as the grid 5, the screen grid 1,
the suppressor grid 9, and the anode or plate 11,
is connected so that the filament 3, screen grid
7 and the plate or anode 9 form with external
circuit elements an oscillation generator, which
may be of the general type disclosed by Hartley.
The cathode 3 in the form shown is preferably
grounded at 13 and to this ground lead a source
of potential 15 is then connected. The source
15 conneets, in turn, with the plate electrode 11
through a choke coil 17 to block radio frequencies
from the source 15.

To form a feed back circuit to the screen elec-
trode 7 from the plate 11 the usual tank circuit,
comprising the inductance 19 and the capacity 21,
each of which may be variable where desired, is
connected to the screen electrode 7 by a conduec-
tor 23 and to the plate electrode 11 by conductors
95 and 27 through a capacity connection 29. In
order to provide voltage on the screen electrode 7
the inductance 19 is center tapped at 31 and con-
nected by way of a conductor 33 to a point on the
plate supply battery 15 intermediate its ends.
The portion of the source 15 supplying the plate
voltage which is tapped by the conductor 33 is
shunted by a capacity element 35 grounded at 13.
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The output energy from the oscillator circuit
above described is taken across terminals” 37
which connect with the secondary winding 39
forming with the inductance 19 a transformer.
Thus, it is seen that if the tube 1 is considered
without respect to the usual grid electrode 5 and
the suppressor grid 9 the cireuit hereinabove de-
seribed is substantially the well known Hartley
oscillation circuit and will, neglecting other cir-
cuit constants, generate oscillations of a frequency
dependent upon the values of L and C, that is,
inductance and capacity in the tank circuit 41,

If reference is now made to the grid electrode 5
contained within the vacuum tube 1, and it is as-
sumed that the grid is connected by way of a con-
ductor 43 with the cathode 45 of a photo tube 47
or the equivalent, and that the tube cathode 3 is
connected by way of a conductor 49 through a
battery 51 supplying operating voltage for the
photo tube 47 with the anode electrode 53 thereof,
it can be seen that light of varying intensities
supplied to the photo tube 47 will produce vary-
ing voltage drops across the resistor 55 connected
between the photo tube cathode and anode.
These voltage drops in Tresistor 55 in turn tend to
change the normal potential bias of the grid elec-
trode 5 as supplied from the bias battery 57 con-
nected between the grid 5 and the cathode 3 of the
oscillator so as to change the amplitude of the
current flowing through the tube 1.

As has been shown, the modulated oscillator
system is preferably operated as a so-called “scan-
ning head” for use with faesimile apparatus,
meaning that a self-contained unit is mounted
adjacent the facsimile record carrier to serve as
a combined light translating, amplifying, tone
generation and modulating element, According
to one suitable form

to be produced at one or more separated or re-
mote points is mounted, is so arranged that the
record subject carried thereon is subjected to light
of constant intensity issuing from a source 61.
The light from source 61 is focussed at a point 63
on the record surface by means of an optical sys-
tem, conventionally representeq by a lens 65, For
an indirect transmission such as is suitable for
most types of picture transmission or television
work, light is reflected from the record subect in
varying intensities depending, of course, upon the
intensity of light and shadow of successive ele-
mental areas of the record carried upon the rec-
ord carrier 59 and this light may then be focussed
upon the light sensitive bhoto tube 47 by means
of an optical system conventionally shown ag a
lens 67. ‘ , '

In order to regulate the amount of light which,
reaches the photo tube 47 a suitable diaphragm 69
is preferably -provided. This diaphragm may be
adustable in two directions, that is, both verti-
cally and horizontally, although only the hori-
zontal adustment has been illustrated herein, or,
where desired, the usual form of iris, such ag is
used on most photographic apparatus for adust-
ing the aperture, may be provided. In the for-
mer case, with the arrangement herein shown,
the light as reflected from the recorq surface may
pass through a square or rectangular opening of
predetermined size to the  photoelectrie tube, or
in the second case, the opening through which
the light is passed to the bhoto tube may be sub-
stantially circular, but by adustments of varying
diameter. Thus, in accordarnce with the varying
tonal densities of successive elemental areas of the
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record carri’éd upon the record carrier 59 the cur-
rent flow through the photo tube 47 is varied
continuously so as to produce varying voltage
drops across the resistor 55 so as to produce vary-
ing potentials upon the grid or control electrode 5
of the tube 1. This, it can be seen, will change
the amount of current flowing through the tube,
as above stated, and the amount of variation with
the system herein shown is, of course, directly
proportional to the tonal densities of the succes-
slve elemental areas of the record subjected to
illumination from the source 61.

Since the values of inductance and capacity in
the oscillation tank circuit 41 are not changing
during operation, being preferably adjustable only
by the actual operation to determine the fre-
quency desired, the frequency of the oscillations
generated by the oscillation generator and its as-
sociated circuit remains constant, but due to the
changes in potential on the grid electrode 5 of the
tube 1 the amplitude of the generated oscillations
fluctuates in accordance with the variations in
light and shadow reaching the photo tube 47 and
consequently the generated oscillations may be
modulated as to their amplitude by illuminsating
the photo tube 47

According to the method shown there may be
increased amplitude of the generated oscillations
for high intensity illumination upon the photo
tube but by reversing the photo tube connections
the reverse may take place and the amplitude of
the generated oscillations may be decreased for
high light values, it, of course, being immaterial
which form is used and thus merely a matter of
choice of connections. )

If, now, it is desired to increase the stability of
operation of the system hereinabove disclosed, the
Suppressor grid 9 contained within the tube 1 may
be connected to g point on the cathode 3. This
connection with ordinary tubes is usually made
internally of the tube, although, of course, it is
obvious that an external connection may be made
where desired.  The function of the suppressor
grid 9 of the tube herein disclosed is to suppress
secondary electron emission from the plate or an-
ode electrode 11 so'as to give greater stability of
operation than would be obtained with the or-
dinary four electrode tube since when the oscil-
lating potentials are such that the insteataneous
anode voltage falls below that of the screen grid
7 secondary electron emission would normally
take place. This secondary emission would nor-
mally tend to reverse the direction of plate cur-
rent. Such reversals of current cause distortion
in the pure sign wave characteristic of the gen-
erated oscillations appearing in-the tank circuit
41 and give rise to g considerable number of har-
monics. If, however, the suppressor grid 9 is con-
nected with the cathode element 3 the pure sign
wave characteristic of the oscillator is main-
tained and, concurrently therewith, the output
current is correspondingly increased, This in-
crease of output current, while maintaining the
bure sign wave characteristic of the generated os-
cillations, increases fidelity of operation which
naturally adapts itself ideally to facsimile trans-
mission, where distortion would tend to detract
from the quality of transmission, as well as the
clearness and sharpness of the reproduced image,

If reference is now made to Figure 2 it will be
seen that the circuit arrangement is substantially
identical to that shown by Figure 1, except that
the oscillator tube 1 is not of the hot cathode type
but is a cold cathode tube wherein the electron

with varying amounts of light.
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emitted from a cathode element 2 which may, for
example, be a photoelectric cathode illuminated
continuously with light of constant intensity.

In the modification suggested by this figure
the record carried upon the record carrier 59 is
illuminated in the same manner as was shown by
Figure 1 and, in addition, a part of the light issu-
ing from the source 61 of constant intensity is di-
rected by means of a reflecting body 69, or the
equivalent, so as to follow a path 71 directly to the
light sensitive cathode 2 of the tube 1. Due to
the constant illumination of the light sensitive
cold electrode 2 contained within the tube 1 of
Tigure 2 an electron stream of predetermined
density, dependent upon the intensity of the light
beam 71, is continuously emitted. This stream of
electrons flows toward the tube anode and with
this modification over the heated cathode the
system operates substantially identically to that
shown by Figure 1.

The invention has been shown as applying to
only two forms of vacuum tubes and associated
circuits and, also, as applying only to a type of 0s-
cillator circuit of the general form disclosed by
Hartley, but it, of course, is apparent that many
modifications and changes may be made so that
the invention may be applicable to the general
characteristics of other circuits and to other gen-
eral types of oscillators such as have been shown
by Colpitts and others.

While the invention has also been llustrated
as applying principally to systems wherein light is
used as the means by which the generated oscil-
lations are modulated as to amplitude, it is, of
course, apparent that the system would also func-
tion for voice transmission or for telegraphic
operation and in such systems any well known
type of microphone or keying instrumentality
might be substituted for the photo tube 47.

1t is therefore believed that the jnvention
should be construed in a broad sense and not
limited to the specific form in which it has been
shown, and we believe, therefore, that we are en-
titled to make and use all modifications of the in-
vention which fall fairly within the spirit and
scope of the invention as defined by the herein-
after appended claims.

Having now described our invention, what we
claim and desire to secure by Letters Patent is
the following: -

1. In 4 signalling system a vacuum tube con-
taining a plurality of cold electrodes and one hot
electrode, a series oscillating circuit connected
across two of said cold electrodes, a connection
between said hot electrode and a point on said
oscillating circuit intermediate the points of con-
nection to said cold electrodes so that upon appli-
cation of suitable voltages electrical oscillations
of predetermined frequency are generated, a
source of signalling energy, means for impressing
potentials representative of said signalling energy
upon a cold electrode of said tube other than the
electrodes above-named SO that said generated
oscillations are amplitude modulated by said sig-
nals, a cold electrode in addition to the cold elec-
trodes above-named connected to the hot elec-

3

trode to prevent secondary electron emission from
the anode electrode, and a load circuit for utiliz-
ing said amplitude modulated generated frequen-
cies.

9. A signalling system comprising a multi-elec-
trode vacuum tube, an oscillation circuit opera-
tively associated with the anode, cathode and one
grid electrode of said tube so that oscillations are
generated in said oscillation circuit, a connection
between the cathode and a point on the oscillatory

circuit intermediate the point of connection of the

grid and anode electrodes, & source of signalling
impulses connected with a second grid electrode
of said tube for changing the amplitude of the os-
cillations in said oscillatory circuit by amounts
proportionate to the intensity of said signals
without altering the frequency of the generated
oscillations, and a suppressor grid means con-
tained within the said tube for suppressing sec-
ondary electronic emission originating at the
anode so as to increase the stability of operation.

3. A modulated oscillator comprising an oscilla~
tion circuit, a signal energy source, a load circuit,
and a multi-electrode vacuum tube, means for
maintaining the cold electrodes of the tube at
predetermined voltages relative to the cathode
circuit connections between said oscillation cir-
cuit and two cold electrodes and one hot elec-
trode of said tube whereby oscillations of prede-
generated and appear 1n
said oscillation circuit, and circuit connections
between said signal energy source, a controlled
cold electrode contained within said tube for
varying the amplitude of the said generated os-
cillations without changing the frequency of os-
cillation by amounts proportionate to the inten-
sity of the signal supplied, and & suppressor grid
means contained within said tube for increas-
ing the stability of operation by the suppression
of secondary electron emission within the said
tube from the high voltage cold electrode.

4. In a signalling system, a vacuum tube con-
taining a cold cathode and & plurality of agddition-
al cold electrodes, & series oscillating circuit con-
nected across two of said cold electrodes, a con-
nection between the said cold cathode and a point
on said oscillatory circuit intermediate the points
of connection to said first-named cold electrodes
so that upon application of suitable voltages elec~
trical oscillations of predetermined frequency are
generated, a source of signalling energy, means
for impressing potentials representative of said
signalling energy upon a cold electrode of said
tube other than the electrodes above-named so
that said generated oscillations are amplitude
modulated by said signals, a cold electrode in ad-
dition to the cold electrodes above-named, said
last named cold electrode being connected to
the cold cathode to suppress secondary electron
emission from the anode electrode, and & load
circuit for utilizing said amplitude modulated
generated frequencies.

JAMES N. WHITAKER.
HENRY SHORE.
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