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The present invention forms a divisional part
of my copending application, Serial No. 101,612,
filed April 13, 1926, and relates to picture trans-
mission systems, and particularly to amplifica-

& tion systems for use in connection therewith.

An object of my invention is to provide an
amplifier system in conjunction with a picture
transmitting system adapted to cause the produc-
tion of sharper detail in the picture as received

10 over the signaling channel.

Another object of my invention is to provide
an amplifier system in cooperation with a photo-
electric cell and an illumination effect -integrat-
ing system, whereby the effect of the integrating

156 system is modified in response to sudden changes
in illumingtion of the photo cell.

Another object of my invention is to povide an
amplifier means adapted to produce a different
amount of amplification of rapid electrical

20 changes than it produces with slow electncal
changes.

In the development of my photo modulator sys-
tems, disclosed in my applications, Serial Nos.
695,175, filed Feb. 26, 1924 and 726,235, filed July

25 16, 1924, I have produced systems for analyzing
the lights and shades of a picture into integrated
current pulses which occur at a frequency and
extend for a duration which are determined by
the unit light intensity of the picture.

The system as disclosed in the above men-
tioned copending applications contains a photo-
electric cell, amplifiers associated therewith and
integrating, amplifying, and relaying means,
combined with synchronized scanning means, and
35 reproducing means.

Tt has been found in the operation of the sys-
tem as disclosed in the above mentioned applica-
tion, that the total light from the picture being
transmitted is effectively and very accurately in-

40 tegrated, but that no sudden responses are ob-
tainable from the system in response to sudden
changes in the light intensity from the print as
the scanning means pass over its surface. In
consequence there cccurs a certain amount of loss

45 of sharpnes of outline and of detail.

My invention provides means whereby a sud-
den change in light from the picture causes an
immediate response, with much less integration
than the amount which occurs in the production

50 of a uniform tint. This immediate response
causes the production of much sharper lines in
the reproduced picture, and much better detail.
My invention provides this feature by means of
modifications in the amplifying system which

55 cause it to produce a much greater amplification

30

of & rapid current change than is produced for
a slow cuwrrent change. By this means a sudden
change in the light intensity from the print pro-
duces a very large output of amplified current,
and therefore, causes actuation of the recording
means almost independently of the integrating
feature of the system. By this means much
sharper outlines are obtained in the reproduced
print, and therefore, much greater detail.

Other objects and structural details of my in-
vention will be apparent from the following de-
scription when read in connection with the ac-
companying drawings, wherein:

Figure 1 shows a form of embodiment of my
invention in combination with a photo cell;

Figure 2 shows a preferred form of embodi-
ment;

40
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Figure 3 shows my device mcorporated in the

picture transmision system of the previously
mentioned applications;

Figure 4 shows a print produced by the appa-
ratus of my invention showing the extent to
which the effect can be carried;

"Figure 5 is a specimen of a normal pnnt as pro-
duced by my system; _

Fig. 6 illustrates a series of consecutive lines
of a picture built up in accordance with my in-
vention wherein portion a illustrates three sucees-
sive lines of a picture without overvaluation of
the tone values, and portion b illustrates the same
picture with overvaluation of the tone values; and

Fig. 7 illustrates the manner of producing the
various markings, more particularly otitlining the
assumed shade of the picture strip by portion a;
the ordinary photoelectric response by portion b;

the accentuation and the time confrol amplifier

response by portion ¢; the markings as made into
picture dots and dashes by portion d; and the
net effect of reception by portion e.

Referring to the figures a photoelectric cell 1
is provided, having a current supply source 2 and
an output resistance 3. A vacuum tube amplifier
4 is provided and connected theretc through a
“C” battery 5. Filament heating means (not
shown) are provided.- In the anode circuit of the
triode amplifier 4 are connected two output re-
sistances 6 and 7. The resistance 6 is shunted
by a condenser 8 and the resistahce 7 is connected
to suitable anode current supply sources. The
output from the vacuum tube amplifier 4 is taken
from the resistance 7 and conveyed through a
“C* battery 9 to an additional amplifier 10, the
output from which in the anode circuit thereof
may be utilized in any desired manner.

In the operation of this embodiment of my
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invention the resistances 3 and 7 serve as the cou-
pling resistances of the usual resistance coupled
amplifiers and function in the usual way, causing
the transfer of amplified currents corresponding
to the currents flowing in the photoelectric cell 1.
However, the full amplifying power of the triode
4 is not utilized under static conditions because
of the fact that a portion of the voltage drop in
its output circuit occurs in the resistance 6. If
the light impinging upon the cell 1 is changing
relatively slowly, 8 portion only of #he changing
potential drop in the output circuit of the triode
4 is utilized. If, however, the light upon the cell 1
changes suddenly a sudden change occurs in the
current through the triode 4 and its connected
circuits. The sudden change is transmitted as
a pulse through the condenser 8 and in conse-~
quence resistance 6 is, in effect, bypassed, with
the result that the full amplifier voltage drop
occurs momentarily in the resistance 7, giving
a much increased pulse of amplified current from
the triode 10. This may be proportionately uti-
lized. By this means rapidly changing currents
are much more highly amphﬁed than slowly
changing currents.

Referring to Figure 2, showing a preferred em-
bodiment of my invention, a photoelectric cell 1
is provided as before and connected to a battery
2 and output resistance 3. An-amplifying triode
4 has its input circuit connected across resistance
3 and a similar triode amplifier 10 has its input
circuit fed from the output energy of tube 4.
‘These are, however, differently connected. An
output resistance 7 is provided as before, and a
bypass condenser 11 is connected between the
anode circuit of the triode 4 and the grid circuit
of the triode 10. Shunting the condenser 11, is

' provided, in series, a resistance 12, a “C” battery

13 and a second resistance 14.

In the operation of this embodiment of my in-
vention a slow change in light upon the cell 1
produces a slow change in current in the ampli-
fler 4 which change is conveyed slowly through
the resistances 12 and 14 and the C battery 13
to the grid of the triode 10, a substantial loss
in energy occurring therein. In consequence a
relatively smaller output of energy from the triode
10 occurs. A sudden changing of light upon the
cell 1, however, causes a sudden change in cur-
rent in the triode 4, the effect of which is con-
veyed directly and without loss through the con-
denser 11 to the grid of the triode 10, and full
amplification thereof is thus obtained.

Referring to Figure 3 the preferred form of my
invention is shown as embodied in Figure 1 of
the previously mentioned application Serial No.
726,235.

'The complete operation of the system disclosed
therein with the preferred form of my present in-
vention embodied therewith, will be readily un-
derstood by an examination of that application
and the following outline.

" As disclosed in that applicatlon the changes
in light upon the photo cell 1 of Figure 3 effect
the amplifiers .6 and 7 shown therein. The slow
current changes are supplied to the amplifying
triodes 14 and 15 which in turn cause the charg-
ing of the condensers 16 and 17 at a proportionate
rate and cause the appropriate throw of the re-
lays 22 and 29 in the fashion there disclosed. 'The
devices of my present invention as embodied in
the condensers 11a and 11b and the resistances
12a, 14a, 12b and 14b.

The result of the operation of my present in-
vention when embodied in light photo transmis-
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sion system is shown in Pigures 4 and 5. In
these examples Figure 4 shows the extent to which
the process can be carried in the production of
heavy tone values outlining the major details.
I may be made to produce an effect which is
almost one of “hallation”. It thus accentuates
the major outlines predominantly.

80

When carried to a less extent it produces an

effect shown in Figure 5 which is that of a very
great increase in detail and much improved
sharpness of outline of the details,

It is to be noted that Figures 4 and 5 have
been reproduced in the drawings by photome-
chanical processes since it has been found impos-
sible to produce pictures of this character by
msanual means.

By this means I am enabled to obtain prompt
response of the relays 22 and 29 of my photo
modulator system to sudden changes in light in-
tensity on the photo cell 1 and integrated re-
sponse to slow changes of light intensity.

By Fig. 6, I have shown by portion a of the
diagram a series of marking dots and dashes to
represent consecutive lines of markings wherein
there has been no overvaluation or accentuation
of the tone values. On this figure in particular,
two successive dashes have been identified as to
their length of marking by the designations “¢”
and “d”, and it should be noted in this connection
that the dash identified as to duration by the

legend “c” is of shorter duration than the mark

immediately to the left thereof, whereas the
marking identified as “d” is of longer duration
than the marking immediately to the left thereof.
By portion b of Fig. 6, I have shown the same
set of marking lines representing successive lines
of a picture, although showing the corresponding
light values of line a as overvalued, emphasized,
or accentuated. By making specific reference to
the marking identified as “e” and corresponding
to the mark identified as “¢” in portion a of the
figure, it is noted that where a short mark fol-
lows a long mark, so as to represent a lighter
value than the preceding mark by the method
herein set forth for emphasizing or overvaluing
the tone changes from point to point, the mark-
ing is of a shorter duration, so that the outline
of the image is more particularly set forth. Simi-
larly, by noting the mark identified by the legend
“f”, which corresponds to “d” of portion a of
the figure, this mark, since it is of darker value
than the mark immediately preceding it and to
the left thereof, is of a longer duration, and this
represents a darker tone value. By the markings
of Fig. 6, no effort has been made to represent
an actual picture but merely to show by way of
example how several successive lines of the pic-
ture are to be produced.

Making further reference to Fig. 6, it should
be noted in comparing portion b with portion a
that there is a dot in the first line of portion a,
and since there is an overvaluation of light
changes in portion b of the figure, this marking
is entirely missing on the first line of portion b,
and, similarly, in the middle line of portion a
of the figure, there are four dots, and since the
first of these is overvalued on portion b of the
figure, only three dots appear, and, similarly, the
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same situation holds true for the third line of -

the picture. .

Now making further reference to Fig. 7, the
tone values on the picture element strip have
been diagrammatically represented by portion a
of the figure, wherein the portion furthest to the
left represents dark gray, the next segment white,
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the next segment black, the following light gray,

and then dark gray, etc. These different intensi-

ties of tone value on the picture element strip
then produce responses from the photo cell 1 of
any of the figures in the form of current outputs
of a strength such as designated by way of ex-
ample by the line b. With the arrangement as
shown by Fig. 3 in particular, as adapted to a
system of the general type shown and described
in my copending application Serial No. 338,072,
above referred to, the change in tone value as
represented by the letter “g” on the line b is ac-
centuated to a point designated as “k” on line c,
and, similarly, the change in tone value repre-
sented by the point “r” on line b is accentuated
as shown by “m” on line ¢ in the time control
amplifier response. These markings as made
into picture dots and dashes have been represent-
ed as to their intensity by the line b of Fig. T,
and the net effect of reception is shown in line e,
where the sudden changes produce accentuated
dark marks or extremely light marks, correspond-
ing to the schedule of assumed tone values shown
by line a.

While I have shown but one embodiment of
my invention in the foregoing drawings and de-
scriptions, it is capable of various modifications
therefrom without departing from the spirit
thereof, and it is desired therefore that only such
limitations shall be imposed thereon as are re-
quired by the prior art or indicated by the ap-
pended claims.

I claim as my invention:

1. A picture consisting of a background hav-
ing disposed thereon a mass of markings of light
value different from said background, said mark-
ings being varied in concentration to produce
with said background an effect of different values
of light intensity, and modified to emphasize the
outline of an image,

2. A picture comprising a background of ar-
bitrary light value having disposed thereon a
fleld of markings arranged in substantially par-
allel lines, the spacing between lines being fixed,
the spacing between markings of the same line
being varied to produce effects of varying light
value and the positioning of said markings be-
ing modified to outline sharply an image.

3. A picture comprising a background of ar-
bitrary light value having disposed thereon a
field of marks arranged in substantially paral-
lel lines with the spacing between lines fixed,
said marks being varied in concentration in a
manner to clearly portray varying effects of
light and shadow and the position of said marks
being so adjusted and modified with abrupt
changes in light intensities that outlines of an
image are accentuated and sharply defined.

4. A picture consisting of a background having
disposed thereon a mass of dots representing in-
tensities of light and shadow lying on one side
of an arbitrary light value and a series of dashes
representing light intensities lying on the other
side of said arbitrary light value and having the
markings representing the changes in the intensi-
ties of light and shadow in each case overvalued
and emphasized at-the points of change so as
to sharply outline the image.

5. A picture formed of a series of markings

3

automatically recorded on a surface in varying
degrees of density to indicate varying degrees
of light and shadow in which the markings are
overvalued at all points of change in light in-
tensity so as to emphasize said changes and
sharply outline and accentuate the image.

6. A picture comprising a background having
thereon a mass of light value representations
different from that of the background, said light
value representations being varied in concentra-
tion to produce with the said bhackground an
effect of different values of light intensity and
said light values being modifled at points of
representations of outlines of an image so as to
place emphasis upon the outline.

7. A picture comprising & background having
thereon a mass of light value representations of
intensities different from that of the background
and arranged in a series of substantially parallel
lines of substantially fixed separation, said light
value representations of each line being varied
to produce the effects of varying intensities of
light and shadow and the position of said light
value representations being modified from the
normal to accentuate the outline of an image.

8. A picture formed of a series of light value
representations automatically recorded upon a
surface in varying degrees of concentration to
indicate varying degrees of light and shadow in
which the light value representations are over-
valued at all points of sudden change in light
intensity so as to emphasize each sudden change
and to outline sharply and accentuate the image
outlines. :

9. A picture comprising a series of light value
representations which are over-valued at points
of sudden change from black to white or vice
versa so as to outline sharply a recorded image.

10. A picture record comprising a series of light
value representations which are formed of dots
and dashes so arranged as to accentuate and
emphasize picture outlines.

11. A picture record having a background of
arbitrary light value and a field of marks there-
on arranged as dots and dashes in substantially
parallel lines and modified along picture out-
lines to emphasize the outlines.

12. A picture record comprising a background
and a plurality of dot and dash markings placed
thereupon along a series of substantially paral-
lel lines, said markings being so divided hetween
dots and dashes that the dots in varying con-
centration represent picture portions of high
light values and the dashes in varying concen-
tration represent picture portions of low light
values, and being further so arranged that for
areas of changes between high and low light
values an abrupt change between the character
of the marking representations occurs.

13. A picture comprising a background having
thereupon a series of light value representations
in the form of dot and dash markings of varying
degrees of concentration to indicate varying
shade values and having the degree of conten-
tration overvalued at points of sudden change
from one to another shade value so as to increase
the sharpness of the picture outline. )

RICHARD HOWLAND RANGER.
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