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This invention relates to facsimile telegraph
recording systems and has particular reference
to systems employing recording instrumentali-
ties having non-linear response characteristics.

In order to make accurate reproductions of

pictures or other subject matter having tonal
densities varying from white to black, it is first
necessary to generate signals representative of
the entire range of tonal densities. The present
day systems are equipped to generate such sig-
nals but they necessarily vary between rather
wide limits.
systems are not equipped to make accurate re-
productions from such signals for the reason that
they include one or more instrumentalities which
are non-linear in their responses to signals cov-
ering a substantially wide range. These instru-
mentalities are capable of responding in a sub-
stantially linear manner to signals covering a
somewhat narrower band. The signals which
He beyond the limits of this band are not trans-
lated into marks on the recording medium in
strict accordance with the signals, thereby re-
sulting in reproductions which are not accurate
at the extreme parts of the band of tonal densi-
ties of the original picture or other subject mat-
ter. Consequently, the usual practice is to con-
tract the signal band to the point where it will
lie within the range of linear response of the
recording medium. The result of such practice
is a loss in the fine distinction between tonal
densities differing very slightly from one another
but which are essential for the accurate repro-
duction of the original subject matter.

The dry recording media In common use re-
quire that a substantial potential be impressed
across the surfaces of the media before a mark
is produced. Consequently, when the facsimile
signals alone are applied to the recording me-
dium, some part of all of the signals is employed
to produce the initial striking voltage. Hence,
weak signals which are generated to represent
comparatively light elemental areas of the sub-
ject matter being transmitted are frequently in-
effective to mark the recording medium. Ob-

viously, such a condition results in an maccurate

reproduction of the subject matter..

It 1s therefore a major object of the instant
invention to provide improved recording means
whereby a picture or other subject matter may
be more accurately reproduced by electrical re-
cording apparatus.

Another object of the invention is to provide
means for utilizing substantially the entire sig-

However; most facsimile recording
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nal range for purposes of marking the record-
ing medium.

Still another object of the invention is to
provide means for expanding the marking range
of a recording medium having a non-linear re-
sponse characteristic in order to utilize a wide
band of signals.

A further object of the invention is to pro-
vide a bias for the recording apparatus to com-

pensate for inherent impedance characteristics

of the recording medium.

Still another object of the present invention
is to provide g variable impedance to compensate
for the non-linear impedance characteristic of
the recording medium employed in apparatus for
electrically reproducing pictures or other subject
matter. |

Another object of the mventlon is to provide
an impedance variable In one sense under the
control of the facsimile signals to compensate
for the impedance of a recording medium which
varies with the strength of the facsimile signals
in the opposite sense whereby the total imped-
ance of the recording circuit is at all times main-
talned at a constant value.

The invention is disclosed in two forms and
will be described in connection with the accom-
panying drawing, of which: -

Fig. 1 illustrates schematically the circuit ar-
rangements whereby a fixed bias is employed in
the recording apparatus; and

Fig. 2 is a modification showing an arrange-.
ment for varying the value of an impedance used
in conjunction with a bias in the recording cir-
cuit under the control of the facsimile signals.

In its preferred form the invention is em-
bodied in a system in which the received signals
representing pictures or other subject matter are
applied to the anodes of a rectifier which, to-
gether with its cathode, are connected in circuit
with a dry recording medium and a cooperating
scanning electrode. A biasing potential is also
included in this circuit and in one form of the

- Invention is filxed at some predetermined value
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and in the other form illustrated is used in series
with a variable impedance which may be an
electronic device separately biased to provide the
desired impedance variation under the control
of the received signals. |
Having reference first to Fig. 1 of the draw-
ing, there is shown a facsimile transmitter em-
ploying means for optically scanning a picture
and for generating facsimile signals representa-
tive thereof. This apparatus comprises a rotat-
able copyholder or cylinder 11 slidably supported




< -

by a driving shaft {2 which is journaled in a suit-
able manner in a bearing 13 forming & part of
the transmitter framework and driven through a
set of reduction gears i4 by & motor 15. The
cylinder {1 is adapted to move axially along a
threaded shaft 16 as it is rotated by the shaft
12, The picture or subject matter 11 to be
scanned is mounted in g suitable manner upon
the cylinder {f. Scanning of the subject mat-
ter is accomplished by means of a light spot
‘which is derived from a source of light 8. ILight
rays emanating from the source are condensed
by means of a lens 19 so that a small scanning
spot is incident upon the surface of the subject
matter to be scanned. The light reflected from
the surface of the sheet 17T varies in intensity
in accordance with the tonal densities of the
picture. The reflected light is focused by means
of & condensing lens 2f so that the rays con-
verge at & point in the plane of a rotatable shut-
ter or light chopper 22. The light chopper may
take any one of a variety of forms such as the
one illustrated herein which is a dise having
formed in the periphery thereof 8 series of
notches 23 whereby, upon rotation of the disc by
means of a suitably driven shaft 24, the light
beam is alternately intercepted 'and allowed to
Tall upon the light sensitive electrode of a photo-
electric cell 25. In this manner alternating cur-
rent signals having variable amplitudes in ac-
cordance with the tonal densities of elemental
areas of the scanned subject matter are gen-
erated. Obviously other methods of generating

amplitude modulated alternating current signals

‘may be employed and, since the transmitter

forms no part of the present invention, it is not

contemplated that the invention be limited to
use with any particular type of transmitter such
as that illustrated.

The facsimile signals generated in a manner
such ags that described are amplified by a trans-
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and in a manner which will be described later.
The recording apparatus also includes a source
of direct current potential 38 which is shunted
by the resistance element of a potentiometer 39.
The positive cathode of the rectifier tube 33 is
connected through the switch blade 40 and its
right hand contact to the stylus 31. The mid-
point of the secondary winding of the transform-
er 29 is connected in series with a portion of the
resistance element of the potentiometer 3%
through the switch blade 41 and its right hand
contact to the cylinder 34.

A suitable portion of the potentia] of the sgurce
38 is applied by means of the potentiometer 3%
across the anodes 31 and 32 of the rectifier tube
33 and the cylinder 84 of the recording appara-
tus. When no facsimile signals are being
received, the recording circuit is influenced only
by the fixed biasing voltage derived from the
source 48. As soon as facsimile signals are trans-
mitted from the transmitting apparatus, they are
rectified by the rectifier tube 33, thereby produc-
ing unidirectional undulations corresponding to
the modulated alternating current transmitted.
The potentials of the unidirectional undulations
are added to the biasing potential and are ap-
plied by means of the stylus 37 to the recording
The value of the biasing potential is
selected to be equal to or slightly less than the
striking voltage required to produce a mark on
the sheet 35. Thus, it is seen that, when the
voltage impressed upon the recording sheet is -

- Increased slightly as by means of a weak facsim-
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mitting amplifier 26 and transmitted over the line

conductors Li to a receiving station. Inasmuch
as the signals generated in the manner described,

if applied directly to electrical recording appara-

tus, will produce a negative copy of the scanned
subject matter, it is necessary to invert the sig-
nals by means of a signal inverter 27, if a posi-
tive copy is desired. After inversion, the signals
are amplified by a recording amplifier 28, the out-
put circuit of which is connected to the primary
winding of a transformer 29. | -

The inverted and amplified facsimile signals
impressed upon the primary winding of a trans-
former 29 are reproduced by induction in the
secondary winding thereof. The terminals of the
secondary winding are connected to the anodes
31 and 32 of a full wave rectifier tube 33. The
midpoint of the secondary winding of the trans-
former 29 and the cathode of the rectifier tube
33 are connected to recording apparatus similar
in construction and operation to that employed
at the transmitting station and described here-
inbefore. The chief difference between the trans-
mitting and recording machines is that at the
recorder a scanning electrode or stylus is used
instead of the optical scanning system of the
transmitter. The rotatable cylinder 34 serves to
support a sheet 35 of electro-sensitive recording
material capable of color changes by the passage
therethrough of electrical currents.

The recording apparatus includes a double-pole
double-throw switch 36 by means of which the
polarity of the recording stylus 37 with respect to

45

50

65

60

65

70

the cylinder 34 may be reversed for a purpose 75

lle signal, a mark is produced in response thereto
and has a tonal density substantially equal to
the tonal density of the elementa] area of the
picture {1 which is scanned at the fransmitting
station to generate the signal. Consequently, for
recording purposes, the rectified facsimile sig-
nals produce marks of varying densities on the
recording medium 35 which bear approximately
the same ratio to one another within the working

-range as the ratio of the facsimile signals.

It has been found that with some types of re-
cording media optimum results are obtained by
applying the facsimile signals thereto in such a
manner that the stylus is of a positive polarity
with respect to the copyholder, while with other
types of recording media optimum results are ob-
tained with the stylus negative with respect to
the copyholder. In the system just described the

stylus 37 is at all times positive with respect to
the copyholder 34. When it is desired to reverse

this polarity the switch 36 is moved to the left.
The recording circuit then may be traced from
the secondary winding of the transformer 29
through the anode-to-cathode path of the recti-
fier 33, the switch blade 40 and its left hand con-
tact, the copyholder 34, the recording medium
3%, the stylus 37, the left hand contact and switch
blade 41, and the potentiometer 39, returning to
the transformer secondary winding. Thus, it
may be seen that the stylus 37 is at a negative
potential with respect to the copyholder 34,

In the system described, the biasing potential
furnished by the source 38 is introduced into the
recording circuit by means of the potentiometer
39 which has an impedance characteristic which
is substantially constant for all values of the re-
cording voltages Because of the nature of the
medium used for recording, the response charac-
teristic thereof deviates appreciably from a
straight line for various values of recording po-
tentials. In most of the dry recording media in
use at the present time, the response character-
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{stic follows & curve which is generauy concave

downward when the densitiegs of the markg pro-

duced are plotted as ordinates against the values
. of recording voltage as abscissae. The result of

such & characteristic is that a saturation point is
reached beyond which increases in the value of
the recording potential produce substantially no
increases in the densities of the marks made upon
the recording medium. In systems using such s
recording medium care must be taken to choose
the working range well below the saturation point
so that variations in strength of the recording
signals produces approximate variations in the
- densities of the marks made. At best such sys-
tems will not produce accurate reproductions for

the reason that the response characteristic below

the saturation point is non-linear, The system
disclosed in Fig. 2 is designed to improve the rec-
ord produced upon such a recording medium. To
this end there is included in the recording cir-

which is variable for variations in the recording
signals in a sense opposite to the variable re-
sponse characteristic of the recording medium.

A suitable element of this character is an elec-

tronic device having a fixed grid-to-cathode po-

tential and having the anode-to-cathode space
discharge path connected in series w1th the cir-

cuit of the recording signals.
The recording circuit and as much of the re-

ceiving station apparatus as is necessary to cor-
relate Fig, 2 with Fig. 1 is illustrated in the
former figure, like reference characters desig-
nating similar gpparatus in the two figures. The
recording circuit includes an electronic device 42,
which is preferably a tetrode, having an anode
43, a screen grid 44, a control grid 45 and g
cathode 46. The anode to cathode space dis-
charge path of the tube 42 is connected in series
with the recording circuif, which also includes
a source of biasing potential 38, The positive
electrode of this battery is connected to the anode
43 and thus serves to furnish a portion of the
space current. A battery 47 is connected be-

tween the control grid 45 and the cathode 46 of -

the tube 42 in the manner shown. Another bat-
tery 48 is connected between the screen grid 44
and the cathode 46 of the tube.

By properly choosing the values of the bat-
teries 38, 471 and 48, the tube 42 may be made to
function with substantially any desired imped-
“ance characteristic. Thus, the impedance in-
troduced into the recording circuit by means of
the vacuum tube 42 may be caused to vary with
the strength of the facsimile sighals in the same
ratio but in the opposite sense to the variations
in the impedance of the recording medium 35.

The result of such an arrangement is a record-

ing circuit having a substantially constant im-
- pedance throughout the entire arrangement of
facsimile signals. Consequently, the recording
current is at all times proportional to the poten-
tial of the facsimile signals appearing in the
secondary winding of the transformer 29, It is
apparent then that the densities of the marks
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recorded upon the medium 35 are substantially -

proportional to the facsimile signals. Thus, with-
in the marking range the facsimile signals are
employed to make accurate reproductions in
which the same relation between the shading of
one part of the picture or other subject matter
bears the same relation to the shading of an-
other part as in the original picture.
Furthermore, the working range may be in-
creased beyond the present limits by the use of
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the Instant invention so that the saturation point,
it any, occurs well beyond the signal range neces-
sary to secure faithful reproductions of the pic-
tures or other subject matter. It should be ap-
parent that the modification of Fig. 2 may be
arranged to produce the useful results of the ap-
paratus of Fig. 1 in addition to those already
described. To one skilled in the art it is a rela-
tively simple matter to adjust the values of the

various fixed sources of potential so that, in the

absence of facsimiie signals, the voltage im-
pressed hetween the surfaces of the recording
medium 393 is just under the potential Nnecessary
to mark the medium.

Also, the potential of the stylus 37 with re-
spect to the copyholder 34 may be reversed by
means of a switch similar to the switch 38 of
Fig. 1, connected as shown in this figure, be-

-tween the cathode of the rectifier tube 33 and

the source of biasing potential 38, and the re-
cording apparatus. |

The form of the invention illustrated in Fig. 2
shows the vacuum tube #2 as a tetrode. This
type of tube is preferred for the reason that it is-
more susceptible to adjustments for the pur-
pose described than a tube of the triode type.
However, fairly satisfactory results may be ob-
tained by the use of a triode so that it is not
contemplated that the invention be limited to the
use of the specific type of tube illustrated.

In addition to the more accurate reproductions
which may be made, the invention makes it
easier to design other parts of the recording ap-
paratus. For example, the transformer 29 may
be fabricated with precision and accurately
matched in impedance to the remainder of the
recording apparatus. Heretofore it has not been

- possible to effect this desirable result for the rea-

son that the impedance of the recording circuit
varied appreciably with variations in the signal
strength.

The nature of the invention may be ascer-
talned from the foregoing disclosure, the scope
thereof being defined in the appended claims.

What is claimed is:

1. A facsimile telegraph system comprising,
means for generating alternating current fac-
simile signals modulated in amplitude in accord-
ance with the tonal densities of elemental areas
of a picture, a communication channel over
which said generated sighals are transmitted,
facsimile recording apparatus connected to said
channel comprising, means for converting said
alternating current sighals into unidirectional
undulations corresponding to said modulations,
8 recording medium capable of color changes by
the application thereto of electrical potentials,
said recording medium having a non-linear re-
sponse characteristic due to its impedance vary-
ing with variations of the applied electrical po-
tentials, a current controlling element having a
non-linear current controlling characteristic due
to its impedance varying oppositely to that of
sald recording medium with variations of applied
electrical potentials, and means including said
current controlling element for impressing upon
said medium said unidirectional undulations
modified sufficiently to neutralize the non-linear
response characteristic of said medium.

2. In a facsimile telegraph recording system a
source of amplitude modulated alternating cur-
rent voltage representative of the tonal densities
of elemental areas of a picture, g rectifier means
including said rectifier for converting sald alter-
nating current voltage into unidirectional un-
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dulations corresponding fo said modulations, &
record sheet capable of color changes by the pas-
sage therethrough of electrical currents, said
record sheet having a non-linear response char-
acteristic due to its variable impedance, a scan-
ning electrode cooperating with said record sheet,

i

means Including said electrode for impressing

sald unidirectional undulations upon said record
sheet, a current limiting device having a non-
linear current limiting characteristic due to its
variable impedance, said latter impedance being
variable oppositely to the variable impedance of
sald record sheet, and means including said cur-
rent limiting element for modifying the unidirec-
tional undulations sufficiently to counteract the
non-linear response characteristic of said record
sheet.

3. In a facsimile telegraph recording system,
a source of amplitude modulated alternating
current signals representative of elemental areas
of a picture, a rectifier, means including said
rectifier for translating said signals into unidi-
rectional undulations corresponding to said mod-
ulations, a record sheet capable of color changes
by the application thereto of electrical potentials
in excess of a fixed minimum value, a source of
direct current potential approximately equal to
said minimum value, and means including a se-
ries connection of said rectifier, said recording
medium and said source of biasing potential for
recording sald signals upon said medium.

4. In a facsimile telegraph recording system, a
source of alternating current signals modulated
in amplitude in accordance with elemental areas
of a picture, a rectifier, means including said

2,315,362

sheet capable of color changes by the passage
therethrough of electrical currents, sald sheet

- having & non-linear response characteristic due

oy
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rectifier for converting said alternating current

<ignals into unidirectional undulations, a record
sheet capable of color changes by the passage
therethrough of electrical currents, said sheet
having a non-linear response characteristic due
to the impedance thereof varying in one sense
with variations of the applied voltage. a source
of biasing potential, an impedance element vari-
able in an opposite sense to that of said record
sheet with variations of the voltage applied to
the terminals of said impedance element, and
means Including said source of biasing potential
and said variable impedance element for apply-
ing to said record sheet said undulations modi-
fled to produce a linear response by said record
sheet.

9 In a facsimile telegraph recording system, a
source of alternating current sienals modulated
in amplitude in accordance with elemental areas
of a picture, a rectifier, means including said
rectifier for converting said alternating current
signals into unidirectional undulations, a record

sheet capable of color changes by the passage

therethrough of electrical currents, said sheet
having a non-linear response characteristic due
to the impedance thereof increasing with varia-
tions of the applied voltage, a source of biasing
potential, an electronic device arranged to have
an impedance decreasing with variations of the
applied voltage, and means including said source
of binsing potential and said electronic device for
applying to said record sheet said undulations
modified to produce a linear response by said
record sheet. | | |

6. In a facsimile telegraph recording system
a source of alternating current signals modulated
in amplitude in accordance with elemental areas
of a picture, a rectifier, means including said rec-
tifler for converting said alternating current sig-

to the impedance thereof varying in one sense
with variations of the applied voltage, a source
of biasing potential, an electronic device having
& space discharge path and a control electrode,
means to maintain ‘a constant voltage on said .
control element suitable to impart to said space
discharge path an impedance variable in an op-
Posite sense to that of sald record sheet with var-
jations of the voltage applied to sald space dis-
charge path, and means including a series con-
nection of said source of biasing potential and
sald variable impedance space discharge path for
applying to said record sheet said undulations
modified to produce a linear response by sald
record sheet. |

1. In a facsimile recording system, a source of
amplitude modulated alternating current sig-
nals representative of elemental areas of a pic-
ture, a rectifier, means including said rectifier
for translating said signals into unidirectional
undulations corresponding to said modulations, a
recording device responsive to electrical poten-
tials in excess of a fixed minimum value, a source
of direct current potential approximately equal -
to said minimum value, and means including a
series connection of said rectifier, said recording
device and said source of biasing potential for
operating said recording device in accordance
with the picture signals. - |

8 In a facsimile recording system, a recording
device responsive only to impressed voltages hav-
ing a range substantially above zero a rectifier,
means including said rectifier for impressing
upon sald device a unidirectional voltage undu-

~ lating in accordance with picture signals, sald

unidirectional voltage having at times a value
less than the voltage necessary to produce a re-
sponse by said recording device, and a source of
constant voltage in series with said device and
sald rectifier for maintaining said device sub-
stantially at its lowest responsive voltage, said

45 Undulating unidirectional voltage being the sole
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nals into unidirectional undulations, a record 15

electrical effect which produces a response by
said recording device in accordance with received
signals.

3. In a facsimile recording system, a source of
unidirectional voltage undulating in accordance
with the tonal densities of elemental areas of a
picture, a recording device operable only in re-
sponse to voltages having a range substantially
above zero, a source of direct current voltage
substantially equal to the lowest voltage to which
sald recording device fs responsive, and means
including a series connection of said source of di-
rect current voltage, said recording device and
said source of undulating unidirectional voltage
for operating said recording device in accord-

ance with said undulations. | |

10. In a facsimile system, a recording device
responsive to current variations and having an
impedance variable with variations of the applied
voltage, a current controlling device having an
Impedance variable oppositely to the impedance
of sald recording device with variations of the
abplied voltage, said recording device and said
current controlling device comprising a recording
circuit having a substantially constant imped-
ance throughout an appreciable range of voltage,
and a source of voltage varying in accordance
with tonal densities of a picture connected to
sald constant impedance recording circuit.

11. In a facsimile system, a recording device
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responsive to undulating unidirectional currents
and having an impedance variable with varia-
tions of the voltage applied thereto, a current
limiting device having an impedance variable op-
positely to the impedance of said recording device
with variations of voltage applied thereto, said
recording device and said current limiting device
comprising a recording circuit having a substan-
~ tially constant impedance throughout a wide
range of voltage values, and a source of unidi-
rectional voltage undulating in accordance with
the tonal densities of a picture connected to said
constant impedance recording circuit.

12. In a facsimile system, a record sheet ca.-'

pable of color changes by the passage there-

=
through of electrical currents and having an im-

pedance variable with variations of a unidirec-
tional voltage, a current limiting device having

‘an impedance variable in the opposite sense to

the impedance of said record sheet with varia-
tions of a unidirectional voltage, said record

sheet and said current limiting device being con-

' nected in series to form a substantially constant
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impedance recording circuit, and a source of uni-
directional voltage undulating In accordance
with the tonal densities of elemental areas of a
picture connected to the terminals of said con-
stant impedance recording circuit.
RALEIGH J. WISE.
GARVICE H. RIDINGS.
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