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This invention relates to signaling and par-
ticularly to apparatus for and a method of
scanning motion picture film for generating tele-
vision signals.

An object of the invention is to provide im-
proved apparatus for scanning a motion picture
film for television transmission.

Another object of the invention is to provide
novel means for generating electric waves hav-
ing a desired wave form.

A standard motion picture film is exposed and
projected at the rate of 24 complete frames per
second. In accordance with standards adopted
by Radio Manufacturers’ Association, a field is
scanned at the rate of 60 field scans of 2201
lines each per second with the lines of one field
scan interlaced with those of the preceding or
following field scan, thus resulting in 30 complete
frame scannings of 441 lines each per second.
To produce a standard television signal when
scanning standard motion picture film, therefore,
it is desirable to scan the odd film frames of pic-
tures twice, for example, and the even film
frames three times, while the film is moved at
the rate of 24 frames per second. Thus the film
is scanned at the rate of 60 field scans of 2201,
lines each per second or 30 complete frame scan-
nings of 441 lines, interlaced, per second.

It has been proposed heretofore to scan
standard motion picture film at the rate of 60
field scans per second by scanning alternate
film frames three times and the remaining film
frames twice. One method which has been pro-
posed requires that the film be moved forward
intermittently at non-uniform intervals. This
method has the disadvantage that complex
mechanical equipment is required to produce the
non-uniform film motion and that the non-

uniform intermittent film motion causes the film.

to wear rapidly. In accordance with another
methed which has been proposed for scanning
alternate film frames three times and the re-
maining film frames twice, the film is moved con-
tinuously at a uniform rate.. This prior method
requires the use of five prisms for splitting an
image projected from the film into five images
and a rotating apertured shutter for directing
light from the prisms one at a time in succession
upen the cathode of a cathode ray tube in such
manner that the successive images projected
upon the cathode occupy the same. position
thereon at the beginning of each field scanning
period. .

The method of scanning standard motion
picture film for television transmission herein
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described has the advantage over prior art
methods that the film is moved continuously at
g uniform rate and that it does not require the
use of optical image splitting apparatus or
mechanically moving light directing apparatus.

In accordance with applicant’s invention, a
motion picture film is scanned by moving the
film continuously at a constant rate and by ap-
plying to a cathode ray scanning device a ver-
tical deflecting field such that certain frames of
the film are scanned an even plurality of times
and other frames an odd plurality of times, the
usual horizontal deflecting field also being ap-
plied to the cathode ray scanning device for
causing the filim to be scanned along parallel
lines substantially perpendicular to the direction
of movement of the film. There is applied to the
cathode ray tube a vertical deflecting field sub-
stantially in the form of a saw-toothed wave of
varying amplitude to cause the cathode ray
beam to be deflected through different distances
during different periods, respectively, occurring
between successive return or non-scanning de-
flections of the cathode ray beam. The vertical
scanning deflections may be such, for example,
that two-fleld scans occur during each of two
successive scanning deflections while a single .
field scan occurs during the next succeeding ver-
tical deflection, the return deflections occurring
between successive scanning deflections being of
equal amplitude.

In accordance with a preferred specific em-
bodiment of the invention herein described for
the purpose of illustration, a motion picture film
is moved continuously at the rate of 24 frames
or pictures per second through the film gate of a
motion picture projector where the film is il-
luminated and light from the film is projected
upon the cathode of a cathode ray image dis-
sector tube to the horizontal deflecting coils of
which is applied a saw-toothed sweep current
of 13,230 cycles per second. The substantially
saw-toothed wave which is applied to the vertical
deflecting coils is produced by combining a plu-
rality of saw-toothed waves, one 60 cycle saw-
toothed wave and two 12 cycle saw-toothed
waves, the amplitude and phase relationship
of the waves being controlled so as to obtain
a desired vertical sweep wave. The saw-toothed
waves are generated under control of 60 cycle
alternating current, or a harmonic 'thereof,
which also controls the motor of the motion
bicture projector. The saw-toothed wave com-
ponent or components of one frequency are
characterized by a relatively slow increase In
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amplitude followed by an abrupt decrease in am-
plitude while a component or components of the
other frequency are characterized by a relatively
slow decrease in amplitude followed by an abrupt
increase in amplitude. Preferably, the -blank
lines or so-called “frame lines” occurring be-
tween pictures of the motion picture film are not
scanned. To bring about this result, the ampli-
tude of the 60 cycle saw-toothed wave com-
ponent is reduced, thus causing the rate of
change of amplitude with respect to time of the
resultant wave to be decreased during periods
when picture portions are being scanned and in-
creased during periods between the scanning of
successive pictures.

In accordance with an alternative embodiment
of the invention, there is employed a cathode ray
device for illuminating the film an elemental
area at a time, light from the illuminated ele-
mental areas being received by a light sensitive
image current generating device of the electron
multiplier type, for example. The deflection of
the cathode ray beam is controlled in the same
manner in which the deflection of the cathode
ray beam of the image dissector tube is con-
trolled.

The invention will now be described with ref-
erence to the accompanying drawings in which:

Fig. 1 is a diagram to which reference will
be made in describing the scanning method and
apparatus in accordance with the present in-
vention;

Fig. 2 consists of curves to which reference will
be made in describing the invention;

Figs. 3 and 4, when Fig. 3 is placed above Fig. 4,
constitute a diagrammatic view of motion pic+
ture film scanning apparatus in accordance with
the present invention; .

Fig. 5 is a diagrammatic view of a modifica-
tion of the portion of the film scanning ap-
paratus shown to the right of line 5—5 as viewed
in Fig. 3; and

Figs. 6 to 8 are curves to which reference will
be made in connection with the description of
the scanning method and apparatus in accord-
ance with the invention.

In the upper portion of Fig. 1 is shown a
motion picture film I0 (the usual sound track
being omitted for simplicity) in six successive
positions designated A to F, inclusive, the film
being in these positions at the starting times
of six successive fleld scanning periods. The
successive frames of the film are designated by
the Roman numerals I, IT, ITI, etc. The film is
moved in the direction of the arrows continu-
ously at the rate of 24 picture frames per sec-
ond, for example. Each frame of the film con-
sists of a picture portion 11 and a blank space
or frame line {2 between that picture portion and
the following picture portion. It will here be

assumed that there is employed & cathode ray .

device for illuminating the film an elemental
area at a time, as disclosed in Fig. 5. At zero
time the film is in position A and scanning of
frame I is initiated at the elemental area a in
the lower left-hand corner of frame I. . While
the film is in motion, the cathode ray beam
of the cathode ray scanning device is repeatedly
deflected horizontally, that is, in a direction sub-
stantially perpendicular to the direction of mo-
tion of the film, and rapidly returned to its
starting position hetween successive scanning
deflections to cause the scanning of the film
along successive transverse lines as the fllm is
moved vertically, in the usual well-known man-

10

15

20

ner. The cathode ray beam is also simultane-
ously deflected vertically in one direction parallel
to the direction of motion of the film and, at
intervals, the beam is deflected rapidly in the
opposite direction to cause the light spot on the
film to move vertically in the direction opposite
to the direction of motion of the film during
each fleld scanning period, as will be described
below. The horizontal deflections occur at the
rate of 13,230 per second which corresponds to
441 lines in a complete frame scanning period of
Y20 second or 220% lines in a fleld scanning pe-
riod of 15 second. Therefore, 220Y% lines elapse
between the beginning of the fleld scanning pe-
riod A and the beginning of the succeeding fleld
scanning period B, and the scanning during the
period B will begin with elemental area ¢ in
the middle of a scanning line as shown diagram-
matically by the dot-dash line a—1, thus re-
sulting in the scanning lines of alternate field
scans being interlaced.

In standard motion picture film the dimen-

. slon of the frame lines 12 along the length of
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the film is about 15 per cent of the length of
the entire frame consisting of a picture portion
1 and a frame line (2, while in accordance with
the R, M. A. standards there is a vertical blank-
ing period between successive field scans of 7
per cent of the fleld scanning period of Yo
second. In order to avoid waste of transmis-
sion time, it is desirable to scan the picture por-
tlon only of a frame during 93 per ceht of a
fleld scanning period and allowing the remain-
ing 7 per cent of the fleld scanning period be-
tween the time of scanning the last scanned ele-
mental area of one field scanning period and the
time of scanning the first elemental ares in the
succeeding fleld scanning period.

For the sake of simplicity it will be assumed
that as the scanning light spot on the film moves
along its vertical component in the direction
opposite to the direction of motion of the film
(from a to b, for example) the cathode Iay
beam is also deflected vertically in the direc-
tion opposite to the direction of motion of the
film although actually the deflection of the cath-
ode ray beam in one direction may cause the light
spot to move in the opposite direction. In order
that the field scannings may occur at the rate of
60 fleld scans per second, while the film is moved
at the rate of 24 frames per second, the odd
frames, for example, are scanned twice and the
even frames three times, that is, there are five
field scans during 1 second while the film moves
through a distance equal to the length of two
frames. This will be apparent from Fig. 1. Dur-
ing 93 per cent of field scanning period A, the
cathode ray beam is deflected vertically in a
direction opposite to the motion of the Alm from
a to b and during the remaining 7 per cent
of period A the beam is deflected vertically in
the direction of motion of the film to c. During

the vertical motion from b to ¢ the beam is -

also deflected horizontally at the usual rate of
13,230 per second but for the sake of simplicity
this horizontal component is omitted in the
drawings. . Point b does not necessarily fall in
the middle of a horizontal line but point ¢ does,
corresponding to a value of 220% line deflec-
tions during the scanning of a complete picture
frame plus frame interval. During this fleld
scanning period the film is moving from posi-
tion A to position B. The picture portion of
frame I is then scanned a second time during 93
per cent of the second fleld scanning period B

o
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due to the movement of the film and the defiec~
tion of the cathode ray beam from ¢ to d in
the direction opposite to the direction of move-
ment of the film. During the remaining 7 per
cent of this field scanning period, the beam is
deflected in the same direction but at a higher
rate from the last scanned elemental area d
of frame I to the first scanned elemental area e
of frame II. Similarly, the cathode ray beam
is deflected from e to f and returned to g, de-
flected from ¢ to £ ahd returned to {, and de-
‘flected from i to § for scanning frame II three
times. The deflection of the beam is then con-
tinued in the scanning direction to k during
the final 7 per cent of period E, the point k
being in horizontal alignment with point a, and
the deflection is then continued to 1, which is
in horizontal alignment with b, during the first
field scanning period of frame III.

The form of the voltage of current wave for
vertically deflecting a scanning cathode ray beam
in the manner indicated above is shown in the
lower portion of Fig. 1, the scale of vertical de-
flection being in arbitrary units and the time
scale being in seconds. This vertical defiecting
wave may be analyzed into a plurality of regular
saw-toothed wave components, as shown in Fig.
2 and if desired, of course, a direct component
may be added. Curve 2A is a duplicate of the
wave shown in Fig. 1 and curves 2B, 2C and 2D
are the regular saw-toothed wave components
into which the wave 2A may be analyzed, the
wave 2B being a 60 cycle saw-toothed wave and
waves 2C and 2D being 12 cycle saw-toothed
waves. In the 60 cycle wave, it will be noted, the
amplitude rises relatively slowly and then de-
creases abruptly, while in the 12 cycle waves the
amplitude rises abruptly and decreases relative-
ly slowly. The two 12 cycle waves are out of
phase with respect to each other, the wave 2C
lagging wave 2D by 25 cycle or 14, second.

Referring now to Figs. 3 and 4, the film 1 is
driven continuously over the film gate 15 at a
constant rate of 24 frames per second, for ex-
ample, by any suitable mechanism including a
synchronous motor {8 which is energized from
the 60 cycle power source 11. Light from source
18 is directed upon the portion of the fillm with-
in the film by a condensing lens 19 and the pro-
Jector lens 20 projects an image of the portion
of the film within the film gate upon the cathode
2! of a cathode ray tube 22. As indicated by
the arrows, the image on the cathode is in-
verted with respect to the picture on the film.
This film moving and projecting apparatus may
be an ordinary motion picture projector from
which the intermittent motion mechanism and
light shutter have been removed and having a
film gate the heighth of which is about 124 times
the length of g motion picture frame in the di-
rection of motion of the film.

The cathode ray tube 22 is a so-called image
dissector, the image projected upon the light sen-
sitive cathode 2{ causing the emission of electrons
from the elemental areas thereof in accordance
with the light activation of the respective elemen-
tal areas. In addition to the cathode 21 there are
provided within the evacuated glass housing of
tube 22, an anode 23 in the form of a metallic
coating on the inner surface of the housing and an
electron multiplier 24 having multiplier plates 122,
collector grid 123, anode 124 and a shield having
a scanning aperture 25. An electromotive force
is applied between anode 23 and cathode 21
through leads 26 and 27 from the circuit com-
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prising battery 28, the positive terminal of which
is grounded, and a network 29 made up of voltage
dividing resistors 125 and -condensers 128 as
shown. Leads 30 from circuit 29 are connected
to the multiplier segments {22 -of the electron
multiplier 24 for applying accelerating potentials
between the segments or multiplier plates and
to the anode {24 and collector grid i23. The
electrons emitted from cathode 21 are focussed so
as to form an electron image in the plane of the
scanning aperture 25 by means of an axial mag-
netic field set up due to the current from source
31 flowing through the coil 32 surrounding the
glass envelope and extending substanfially the
full length of the cathode ray tube. There are
provided two pairs of deflecting coils, the hori-
zontal or high frequency deflecting coils 88 and -
the vertical or low frequency deflecting coils 34.
The magnetic flelds set up when these deflecting
coils are suitably energized cause the beam of
electrons emitted from cathode 2{ and therefore
the electron image focussed in the plane of the
scanning aperture 25 to be deflected along both
horizontal and vertical coordinates. The mo-
tion of the electron image past the scanning
aperture results in progressively selecting ele-
mental areas of the image. Due to the bombard-
ment of the first multiplier plate of the electron
multiplier 24 by the electrons from different por-
tions of cathode 2{ in succession an image cur-
rent is set up in the circuit including lead 3%
connected to collector grid 23, the terminating
impedance element 36 and ground. -This image
current may be amplified by the vacuum tube
amplifier 37, if desired, and transmitted over a
suitable medium such as the balanced line 38.
If desired, of course, the output of the dissector
tube may be utilized, with or without further
amplification, to modulate a carrier current for
transmission over g suitable line or by radio. In
accordance with well-known television practice,
moreover, synchronizing impulses may be com-
bined with the image signaling current before
transmission.

A 13,230 cycle saw-toothed wave is supplied’
by the horizontal sweep circuit 39 to the hori-
zontal deflecting coils 383 for producing line scan-
ning deflections of the cathode ray beam in suc-
cession and rapid return deflections between
successive scanning deflections. This sweep cir-~
cuit, which is not shown in detail, may comprise,

- for example, the well-known arrangement for
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charging a condenser at 2 constant rate through
the anode circuit of a vacuum tube and a gas-
filled or vacuum tube arrangement for quickly
discharging the condenser at regular intervals
under control of steep wave front impulses. For
this purpose there may be employed the square-
top impulses of brief duration occurring at the
rate of 60 per second produced by the circuit com-
prising vacuum tubes 40, 41, 42 and 43. The usual
cathode heating batteries for the discharge tubes
of Figs. 3 and 4 are omitted from the drawings
to simplify the disclosure. Tubes &0 and 41, to-
gether with the associated circuit made up of re-
sistors 44, 45, 46, 41, 48, condensers 48 and 50 and
anode battery 51 form a relaxation oscillator-
multivibrator circuit with its free fundamental
frequency adjusted slightly below the 60 cycle
synchronizong control frequency from source {7
applied to the grid cathode circuit of. tube 48.
The condenser, 49 is charged by current from
battery 5! through a circuit including resistors
46, 45 and 48, and it is discharged, when the grid
of tube 80 becomes positive with respect to its.
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cathode due to the potential of source 17, through
a circuit including the space current path of tube
40, resistor 48 and resistor 45. While condenser
49 is being discharged, the grid of tube &1 is at
a negative potential with respect to its cathode
due to the potential drop across resistors 48 and
45 and the condenser 50 is charged by .current
from battery 51 through a circuit including re-
sistors 47, 44 and 48. When the discharge cur-

rent of condenser 49 ceases to flow or is reduced.

to a critical value, the grid of tube 41 is no longer
sufficiently negative with respect to its cathode to
prevent the flow of space current in tube 41, and
the condenser 50 discharges through a circuit in-
cluding. the space current path of tube 41 and re-
sistors 48 and 44. The input circuit of tube &4 is
connected to the input circuit of tube 42, the
grids being directly connected, the cathode of
tube 41 being grounded through resistor 48 and
the cathode of tube 42 being connected to ground
through the grid biasing resistor 52 shunted by a
condenser §3. The output of tube 42 is coupled
to the input circuit of tube 43 through coupling
condenser 54 and input resistor 55. Space cur-
rent is supplied to tubes 42 and 43 by battery 56
shunted by condenser 57 through resistors 58 and
§9, respectively, the negative terminal of the bat-
tery being grounded. Grid biasing resistor 60
shunted by condenser 99 is in the lead connecting
the cathode of tube 43 to ground. The grid cir-
cuit, of tube 42 is over-biased (due to the po-
tential drop across resistor 52) so that substan-
tially no anode current can flow except when the
grid of tube #1 is driven positive while condenser
49 is being charged. During these charging
periods of condenser 49 the grid of tube 42 be-
comes less negative (or it may become positive)
with respect to its cathode to cause anode cur-
rent to flow. As a result, the grid of tube 43 be-
comes more negative and the anode current
through resistor 89 is reduced. Due to the dis-
charging of condenser 49, a negative impulse is
impressed upon the grid of tube 42 and therefore
a positive impulse upon the grid of tube 43. The
tube 43 acts as a limiting amplifier being current
limited when tube 42 is non-conducting and
driven to cut-off when tube 42 is conducting.
Thus rectangular impulses of negative polarity
are obtained at the anode of tube 43 while con-
denser 49 is being discharged. These impulses
may be made of brief duration by making the
time constant of the charging circuit of condenser
438 large compared with the time constant of the
charging circuit for condenser 50.

Instead of using 60 cycle impulses to control
the line sweep circuit 39, there may be employed
preferably a stable oscillator of 26,460 cycles
from which is derived 13,230 cycle pulses, for di-
rectly controlling the horizontal sweep circuit
and from which may be derived 60 cycle subhar-
" monic current for controlling the speed of the
film drive motor 16. This 60 cycle subharmonic
current in this case would also be used in place
of the 60 cycle generator 7.

The apparatus for generating the sweep cur-
rent to be supplied to the vertical deflecting coils
34 will now be described. The brief impulses
from the anode circuit of vacuum tube 43, oc-
curring at the rate of 60 per second, are im-
pressed upon the input circuits of broad band
vacuum tube amplifiers 61, 62, 63 (Fig. 4)
through coupling condensers 64, 65, 66, respec-
tively, and input resistors 67, 68 and 69, respec-
tively, There are provided for the amplifiers 61,
82 and 63 the anode batteries 11, T2 and 13, re-
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spectively, the anode resistors “14, 1§ and 76,

‘respectively, and grid biasing resistors 11, 18 and

19, respectively, which sre shunted by condensers.

- The negative impulses impressed upon the input
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circuit of tube 61 cause amplified impulses of
positive polarity to be produced at the anode of
tube 61 and these impulses are impressed through

‘coupling condenser 80 upon a sweep circuit 81

comprising condenser 82, constant current vac-
uum tube 83 and gas-filled tube 84,

The condenser 82 is charged at a constant rate
by current from source 85 through the space
current path of tube 83 and through variable re-

_sistor 86, one plate of the condenser and the

negative battery terminal being grounded. The
charging rate and, therefore, the amplitude of
the potential to which condenser 82 is charged
may be adjusted by changing the setting of the
variable resistor 86. A battery 81 is provided
for biasing the screen grid of tube 83 and the sup-
pressor grid thereof is connected directly to the
cathode. The condenser 82 is discharged periodi-
cally under control of the 60 cycle impuilses
through a variable resistor 95, for adjusting the
discharge rate, the space discharge path of tube
84 and ground. The 60 cycle impulses are im-
pressed upon the grid-cathode circuit of tube
84 through a potentiometer 96 which is con-
nected in series with grid biasing battery 97.
The positively charged plate of condenser 82
is connected through condenser 88 to the grid
of phase inverter tube 89. Anode current sup-
plied to this tube from battery 90 through anode

_resistor 98 and grid biasing resistor 92, shunted

by condenser 93, the negative terminal of the
battery being grounded. An input resistor 94 is
connected between the grid of tube 89 and ground.
The output circuit of tube 89 is connected
through coupling condenser 200 to the input cir-
cuit of mixer tube 91. This tube is supplied with
anode current from battery 201 through anode
resistor 202 and grid biasing resistor 203 which
is shunted by a condenser 204. One terminal of
input resistor 205 is connected to the grid of
tube 91 and the other terminal thereof to ground,
the negative terminal of battery 201 also being
grounded. This branch circuit including tube 91
supplies 3 60 cycle saw-toothed wave component
2B of the complex vertical deflection voltage or
current 2A in Fig, 2.

The 60 cycle rectangular impulses obtained
from the output of vacuum tube 43 are also im-
pressed upon a multivibrator circuit comprising
vacuum tubes 100 and (0! for generating 12
cycle impulses. The circuit comprises input con-
denser 102, input resistor 103 and anode resistor
104 for tube 100 and input condenser 105, input
resistor 106 and anode resistor 107 for tube (0§,
anode current being supplied to both tubes from
battery 108. The anode of tube 101 is coupled
to the grid of tube 100 through a condenser {09.
The grid of tube 10 is connected through con-
densers 320 and 321 to the grids of tubes 110 and
111, respectively, which produce 12 ecycle sine
waves, out of phase with respect to each other,
under control of the multivibrator output. The
grids of tubes 110 and (fl are also connected
through grid leak resistors 322 and 323, respec-
tively, to ground. Anode current is supplied to
tube 110 from battery 112 through a circuit com-~
prising an inductance element 113 shunted by
variable condenser 114 and grid biasing resistor
115 shunted by condenser (6, while anode cur-
rent for tube Iif is supplied from bs:tery (11
through a circuit comprising inductance element
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118 shunted by variable condenser #19 and grid
biasing resistor 120 shunted by condenser (2{.
The condensers (14 and {19 may be adjusted to
obtain the desired phase relationship between the
12 c¢ycle sine waves obtained from tubes 110 and
tit. .

The 12 cycle sine wave from the output of tube
110 together with the 60 cycle pulses from the
output of tube 62 are impressed upon the input
of mixer tube 130 through coupling condensers
131 and 132, respectively, for producing 12 cycle
impulses at the output of tube 180. The circuit of
tube 130 comprises anode battery (33, anode re-
sistor 134, grid biasing resistor 185, grid con-
denser {36 and input resistor {87.
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The output of mixer tube 130 is connected .

through condenser (80 to the sweep circuit 8¢
comprising condenser {82, constant current tube
183 and gas-filled tube 184, The sweep circuit
181 is like the sweep circuit 81 except for the cir-
cuit constants and there is produced at the out-
put of sweep circuit 181 a 12 cycle saw-toothed
wave which is impressed upon the input circuit
of mixer tube 191 like the mixer tube 9f. The
tube 181 is supplied with anode current from
battery 201 through resistor 202.

The 12 cycle sine wave from the output of tube
111 and 60 cycle impulses from the output of tube
63 are supplied to the input circuit of mixer tube
230 through condensers 281 and 232, respectively.
The circuit of tube 230 comprises anode battery
233, anode resistor 234, grid biasing resistor 238,
grid condenser 236 and input resistor 231.

The 12 cycle impulses from the output of tube
230 are impressed through condenser 280 upon
the sweep circuit 281 comprising condenser 282,
constant current tube 283 and gas-filled tube 284,
this sweep circuit being like the sweep circuit 181,
The 12 cycle saw-toothed wave produced by the

" sweep circuit 281 is impressed upon the input

circuit of mixer tube 281 like mixer tubes 8§ and
181. The tube 291, like tubes 81 and 191, is sup-
plied with anode current from baftery 204
through resistor 202.

The current from battery 20{ flowing through
resistor 202 flows through the space discharge
paths of vacuum tubes 91, 191 and 291 and this
current varies in accordance with the potentials
impressed upon the grid-cathode circuits of these
tubes. Therefore, the electromotive force meas-
ured between ground and the anodes of tubes 91,
191 and 291 which are connected together has a
complex or irregular saw-toothed wave form hav-
ing as components a 60 cycle saw-toothed wave
2B, from the circuit of tube 91 and two 12 cycle
saw-toothed waves, 2C and 2D, out of phase with
respect to each other, from the circuits of tubes
191 and 291, respectively. 'This irregular saw-
toothed wave is impressed upon the input circuit
of amplifier tube 300 through coupling condenser
301 across the input resistor 302. Anode current
is supplied to tube 300 from battery 303 through
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anode resistor 304, grid biasing resistor 305,

shunted by condenser 306. The suppressor grid
of tube 300 is connected to the cathode of the
tube and a portion of battery 303 supplies a posi-
tive bias to the screen grid of tube 300. A
potentiometer 307 is connected across battery 303
and the variable tap of the potentiometer is con-
nected to one terminal of the vertical sweep coils
34 through lead 310, the other terminal of the
coils being connected to the anode of tube 300
through lead 3i1.

The setting of potentiometer 307 is such that,

‘ when no varying electromotive force from mixer
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tubes 81, 191 and 291 is impressed upon the grid-
cathode circuit of tube 300, the electromotive
force impressed upon the deflecting coils 34 and
the steady current flowing through the cofls will
be zero or such a value that the cathode ray
beam is in its central position, that is, so that
the electrons from the central portion of the
cathode impinge upon the scanning aperture 28.
When an alternating saw-toothed wave 2A is then
impressed upon the input circuit of tube 309 the
cathode ray beam will be deflected along its
vertical coordinate in such & way that the pictures
of the motion picture film are scanned ag de-
scribed in connection with Fig. 1.

Referring again to the curves of Fig. 2, curve -
2A shows the irregular saw-toothed wave whickh
is applied to the input circuit of tube 306 and
to the vertical deflecting coils 34 of the image dis-
secting tube and this curve also depicts the alter-
nating portion of the current from battery 20§
flowing through resistive element 202 which is in
series with the space current paths of vacuum
tubes 9i, 181 and 29i, the phase reversals oc-
curring in the circuit being not considered.
Therefore, the curve 2A represents the sum of the
alternating portions of the currents flowing in
the space discharge paths of tubes 91, 18t and
231. The three components of the current repre-
sented by curve 2A are shown in curves 2B, 2C
and 2D, the curve 2B showing the 60 cycle saw-
toothed wave component flowing through tube
91 and curves 2C and 2D showing the 12 cycle
saw-toothed wave components flowing through
tubes 191 and 281, respectively. It will be noted
that curve 2B has a gradually rising portion fol-
lowed by a more rapid falling portion, while
curves 2C and CD each has a gradual falling por-
tion followed by a more rapid rising portion. It
will also be noted that while curves 2C and 2D
have the same amplitude, the amplitude of curve
2B is made somewhat less than that of curves 2C
and 2D in order to avoid scanning the picture
frame lines. These relative amplitudes can be
controlled as desired by adjusting the variable
resistor 86 of sweep circuit 81 and the correspond-
ing resistors of sweep circuits 18f and 281. If
desired, the amplitude of the 60 cycle saw-toothed
component 2B may be further decreased at times
for the purpose of producing ar image current
representative of an enlargement or close-up of a
portion of ‘a picture or of portions of pictures.
If, for example, curve 2B is decreased to about
two-fifths of its normal amplitude, only the lower
two-fifths of each frame will be scanned and the
reproduced image will be magnified 21% times.
In thus changing the magnification at the re-
ceiver it will be desirable, of course, to change
also the length of the horizontal sweep at the
transmitter at the same time in order to main-
tain proper picture proportions. It is also possi-

. ble, if desired, to scan a picture while the film

is stationary by shutting off or reducing to zero
the components 2C and 2D obtained from the
circuits including tubes 191 and 291, respeccivaly,
and controlling the vertical deflection of the
cathode ray beam only by the 60 cycle saw-
toothed component 2B.

Instead of combining & 60 cycle saw-toothed
component and two out-of-phase 12 cycle saw-
toothed components for producing the vertical
deflecting wave, three 12 cycle out-of~phase saw-
toothed components 6B, §C and 6D may be com-
bined as shown in Fig. 6 to give the resultant
wave 6A. Obviously the resultant desired wave
may be analyzed into still other components, it
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desired, some of which are square-topped wave
components, for example, and these components
may be combined to give the desired vertical
sweep wave.

The method of generating the two 12 cycle
saw-toothed wave components 2C and 2D by
means of the apparatus shown in Fig. 4, will now
be described, reference being made to the curves
of Fig. 7. Curve TA shows the 60 cycle impulses
which are applied to the input circuits of tubes
61, 62 and 63 and to the multivibrator circuit
100, 101. These impulses are impressed directly
upon the circuit including the sweep circuit 81 to
produce 60 cycle saw-toothed wave component
1B. These 60 cycle impulses are also superposed
upon the 12 cycle sine wave obtained from the
tuned circuit 113, 114 at the input circuit of tube
130. It will be noted that, during each cycle of
the sine wave, one of the impulses T0C superposed
upon the sine wave is at a higher amplitude than
the remaining impulses. This maximum impulse
causes the space discharge path of gas-filled
tube 184 in sweep circuit (81 to break down, thus
causing the sweep condenser 182 to discharge.
There is thus produced by the circuit 181 the
saw-toothed wave component, similar to TE but
opposite in phase, having & portion of rapidly de-
creasing amplitude occurring at the time that the
impulse T0C occurs. Similarly the 60 cycle im-
pulses are superposed upon the 12 cycle sine wave
from tuned circuit 118, {19 in the input circuit of
tube 230 to produce the wave 1D having an im-
pulse 70D at a predominant amplitude occurring
140 second later than the impulse T0C, and the
impulses 70D control the generation by sweep
circuit 281 of a saw-toothed wave component
similar to TF but opposite in phase. The 12 cycle
waves produced by the sweep circuits 181 and 281
are reversed in phase by the tubes 191 and 291,
respectively, to produce the wave components 1E
and TF, respectively.

‘When magnetic beam deflecting coils are used,
as shown in Figs. 3 and 5, it is sometimes ad-
vantageous to make the sweep voltage impressed
upon the final amplifier 300 overshoct somewhat
at the points of a sudden change of amplitude of
the saw-toothed wave 2A in order to counteract
the tendency for the sweep coils to set up tran-
sients at these points. This may be accomplished
as illustrated by the curves of Fig. 8 by passing
wave 8A (like 2A) through a conventional pulse
generating circuit to produce the impulse wave
8B, the amplitude of which varies in accordance
with the rate of change of amplitude of wave 8A.
The impulses of wave 8B, after being passed
through a limiting amplifier to limit the ampli-
tude to the values shown by the dash line, may
be added in proper phase to the wave 8A to ob-
tain the voltage wave 8C to be impressed upon
the input circuit of the final amplifier 300,

- If desired, of course, & cathode ray light produc-
ing tube together with a light sensitive device
.may be employed for scanning the motion picture
film instead of the image dissector tube shown
in Fig. 3. Fig. 5 shows such a modification of
the arrangement shown to the right of line 5—5
of Fig. 3. In Fig. 5 the cathode ray tube 359
having a cathode 351, anode 352, auxiliary anodes
357 and 358, horizontal deflecting coils 353, ver-

tical deflecting coils 354, and a coating 355 of

fluorescent material produces a spot of light for
illuminating the film an elemental area at a time,
As the film {1 is moved continuously at a con-
stant rate through the film frame IS, light from
the cathode ray tube 358 focussed upon the film

10

{1t by lens 20 illuminates different elemental
areas thereof in succession. Light from the
illuminated elemental areas is focussed by lens
19 upon a light sensitive electric device, for ex-
ample, a photoelectric cell 356, although a light
sensitive electron multiplier could be used, and
the image current produced by the device 356 is
amplified by amplifier 37 and thence transmitted
over line 38. The cathode ray beam produced. in
tube 350 is deflected along horizontal and vertical
coordinates in & similar manner to that in which
the cathode ray beam produced in tube 22, Fig. 3,

- is deflected. For this purpose the usual saw-

15

20

25

30

35

40

45

50

55

60

65

7

toothed horizontal deflection voltage from source
39 is applied to the horizontal deflecting coils 353
and an irregular saw-toothed current as shown
in Fig. 2A is applied from leads 310, 311 to the
vertical deflecting coils 354.

The elemental areas of the film 10 are scanned
in succession in the manner described in con-
nection with Fig. 1 whether the film is scanned
by illuminating an elemental area of the film at
a time, as in Fig. 5, or the film is scanned by
means of an image dissector tube shown in
Fig. 3. It will be noted, however, that in Fig. 3
the image projected upon the cathode 21 and,
therefore, the electron image produced in the
plane of aperture 25, is inverted with respect to
the picture on the film and that as the film
moves down, as viewed in the figure, the image on
the cathode 21 and the electron image move up.
If no vertical deflecting current, such as shown
by curve 2A, were applied to the coils 34 of the
dissector tube, the electron image would move up
through a distance of about % frame with respect

to the stationary aperture 25 in a field scanning °

period of 14 second. However, the deflecting
current applied to the coils 34 causes the electron
beam to be moved up an additional 3 frame dis-
tance, thus causing the electron image to move
up a total distance of one frame during a frame
scanning period.

What is claimed is:

1. The method of scanning motion picture -

film with an electronic device comprising con-
tinuously moving the motion picture film at a
substantially uniform rate, repeatedly deflecting
the electron beam produced in said device along
one coordinate of motion at a substantially uni-
form rate in one direction for effecting scanning
along a linear path and more rapidly in the op-
posite direction for returning the electron beam
between successive line scannings and repeatedly
deflecting the electron beam along a second co-
ordinate of motion substantially perpendicular
to the first coordinate in one direction for effect-
ing scanning of different linear elements in suc-
cession of picture portions of the film, more
rapidly deflecting the beam in the same direction
while the beam is traversing portions of the films
between successive picture portions, and at in-
tervals deflecting the cathode beam in the direc-
tion opposite to the direction of the scanning
deflections for returning the cathode beam to a
position for sta.rtmg the scanning of a picture
portion.

2. The method of scanning motion picture film
with an electronic device comprising continuously
moving the motion picture film at a substantially
uniform rate, repeatedly deflecting the electron
beam produced in said device along one coor-

. dinate of motion at a substantially uniform rate

in one direction for effecting scanning along a
linear path and more rapidly in the opposite di-
rection for returning the._electron beam between
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successive line scannings, repeatedly deflecting
the electron beam along a second coordinate of
motion substantially perpendicular to the first
coordinate in one direction for effecting scanning
of different linear elements in succession and
more rapidly in the opposite direction for return-
ing the electron beam hetween successive scan-
ning deflections along said second coordinate,
the scanning deflections along said second co-
ordinate being non-uniform in duration and in
extent, and changing the deflection rate of said
electron beam along said second coordinate dur-
ing some of the scanning deflections.

3. The method of scanning motion picture film
which comprises continuously moving the film at
a substantially constant rate, deflecting a cathode
ray beam for scanning said film while in motion,
generating at least four electrical waves of regu-
lar saw-toothed wave form and utilizing all of
said waves to produce a wave of irregular saw-
toothed wave form for controlling the deflection
of said cathode ray beam.

4. The method of scanning motion picture film
which comprises continuously moving the film
at a substantially constant rate, deflecting a
cathode ray beam for scanning said film while in
motion, generating a plurality of electric waves
of saw-toothed form, at least two of said waves
having the same frequency but being displaced in
phase by an amount to cause the peaks of one
of the waves to be displaced in time with respect
to the peaks of the other of said waves and uti-
lizing all of said waves to produce a wave of ir-
regular saw-toothed wave form for controlling
the deflection of said cathode ray beam.

5. The method of scanning motion picture film
which comprises continuously moving the film at
a suitbstantially constant rate, deflecting a cathode
ray beam for scanning said film and generating
three electrical waves of saw-toothed wave form
for controlling the deflection of the cathode ray
beam along a coordinate substantially paraliel
to the direction of motion of said film, two of
said waves being of the same frequency but dis-
placed in phase by an amount to cause the peaks
of said waves to be displaced in time and a third
wave being of a different frequency, the wave or
waves of one frequency being characterized by a
relatively slow increase in amplitude followed
by an abrupt decrease in amplitude and the
wave or waves of the other frequency being char-
acterized by a relatively slow decrease in ampli-
tude followed by an abrupt increase in ampli~
tude,

6. The method of scanning motion picture film
which comprises moving the film continuously
at g uniform rate, deflecting a cathode ray beam
in one direction along a coordinate parallel to
the direction of motion of the film at a certain
rate during periods of scanning successive pic-
ture porticns of the film, and deflecting the beam
in the same direction at an increased rate during
a period between said picture scanning periods.

7. In combination, a source of electric im-
pulses which recur at a certain frequency, means
under control of said impulses for producing a
first regular saw-tooth wave of said frequency,
means under control of said impulses for pro-
ducing a second regular saw-toothed wave of a
frequency which is a submultiple of said first-
mentioned frequency, means for producing a
third regular saw-toothed wave like said second
saw-toothed wave but out of phase with respect
thereto, and means for mixing said three saw-
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7
toothed waves for producing an irregular saw-
toothed wave.

8. In combination, a source of electric impulses
recurring at a certain frequency, a second source
and a third source of electric impulses which re-
cur gt a frequency which is a submultiple of said
first frequency and which are out of phase with
respect to each other, a plurality of means under
control of said sources of impulses, respectively,
for generating corresponding regular saw-toothed
electric waves, and means for combining said
saw-toothed waves to produce a desired resultant
irregular saw-toothed electric wave.

9. In combination, means for generating three
electric waves of regular saw-toothed wave form,
means for reversing the phase of one of said
waves with respect to the others of said waves
and means for combining the wave of reversed
phase with the others of said waves to prodice
an electric wave of irregular saw-toothed wave
form.

10. In combination, means for generating an
electric wave of regular saw-toothed wave form
having a certain fundamental frequency, means
for generating a second and a third electric wave
of regular saw-toothed wave form having a dif-
ferent fundamental frequency, the wave or waves
of one frequency being characterized by a rate
of change of amplitude with respect to time which
is positive and of relatively low value over a por-
tion of a cycle and which is negative and of rel-
atively high value over the remainder of the
cycle and the wave or waves of the other fre-
quency being characterized by a rate of change
of amplitude with respect to time which is nega--
tive and of relatively low value over a portion of
a cycle and which is positive and of relatively
high value over the remainder of the cycle, and
means for combining said three waves to produce
a desired resultant wave of irregular saw-toothed
wave form. .

11. A combination in accordance with claim 10
in which the two saw-toothed waves having the
same frequency are out of phase with respect to
each other and of equal amplitude.

12. Motion picture film scanning apparatus for
television transmission comprising means for
moving the film continuously at a uniform rate;
means for generating a cathode ray bean. for
scanning the pictures while the film is in motion,
horizontal deflecting means. for -deflecting the
cathode ray beam along a coordinate substan-
tially perpendicular to the direction of motion of
the film, vertical deflecting means for deflecting
the cathode ray beam along a coordinate sub-
stantially parallel to the direction of motion of
the film, a source of substantially constant fre-
quency -alternating current for controlling said
film moving means, means under control of said
alternating current source for producing a high
frequency substantially saw-toothed wave the
fundamental frequency of which is a multiple
of the frequency of said source for controlling
said horizontal deflecting means, means under
control of said alternating current source for
generating three low frequency substantially saw-
toothed waves each having a fundamental fre-
quency which is a submultiple of the fundamen-
tal frequency of said high frequency saw-toothed
wave, means for varying the amplitude of each
of said relatively low . frequency saw-toothed
waves, means under control of said three rela-
tively low frequency saw-toothed waves for pro-
ducing a composite wave having said three rela-
tively low frequency saw-toothed wave compo-
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nents, and means for applying said composite
wave to said vertical deflecting means, thereby
causing alternate picture frames to be scanned
an even plurality of times and the remaining

picture frames to be scanned an odd plurality of

times,

13. Motion picture film scanning apparatus for
television . transmission comprising means for
moving the film continuously at a uniform rate,
means for generating a cathode ray beam for
scanning the pictures while the film is in mo-
tion, means for deflecting the cathode ray beam
along a coordinate substantially perpendicular to
the direction of motion of the film, means for
generating three substantially saw-toothed elec-
tric waves, means for varying the amplitude of
each of said waves, means for producing a com-
posite electric wave of irregular saw-toothed wave
form having said three saw-toothed wave com-
ponents, and means controlled by said composite
wave for deflecting said cathode ray beam along
a coordinate substantially parallel to the direc-
tion of motion of the film.

14. Motion picture film scanning apparatus for
television transmission comprising a source of
substantially constant frequency alternating cur-
rent, means under control of said alternating
current source for moving the film continuously
at a uniform rate, means for generating a cath-
ode ray beam for scanning the pictures recorded
on the film while the film is in motion, means
under control of said alternating current source
for deflecting the cathode ray beam along a co-
ordinate substantially perpendicular to the direc-
tion of motion of the film, means under con-
trol of said alternating current source for gen-
erating three substantially saw-foothed electric
waves, means for varying the amplitude of each
. of sald waves, means for producing a composite

electric wave of irregular saw-toothed wave form
having said three saw-toothed wave components,
and means controlled by said composite wave for
deflecting said cathode ray beam along a co-
ordinate substantially parallel to the direction
of motion of the film. .

15. The method of scanning motion picture
film with a cathode ray beam scanning device
having means for deflecting the beam, which
comprises moving the film continuously at a uni-
form rate, generating and applying to said de-

10

15

25

30

35

40

45

50

flecting means a first electric wave for deflect-
ing the beam In a direction transverse to the
direction of motion of the film, and generating
and applying to said deflecting means a second
electric wave portions of which have a certain
slope to cause the deflection of the beam in a
direction parallel to the direction of motion of
the film during the periods of scanning succes-
sive pictures recorded on the film and other por-
tions of which wave have a different slope for
positioning the beam for ccmmencing the scan-
ning of a picture, each of said other portions
having a slope greater than, and in the same

sense as, said first mentioned slope for reducing

the time elapsing between the completion of the
scanning of a picture and commencement of
scanning of an adjacent picture. ‘

16. The method of scanning motion picture
film with a cathode ray beam scanning device
having beam deflecting means, which comprises
moving the film continuously at a uniform rate,
generating and applying to said deflecting means
a first electric wave for deflecting the beam in
a direction transverse to the direction of motion
of the film to scan the film in paraliel elemental
strips, and generating and applying to said de-
flecting means a second wave comprising re-
current scanning portions of equal duration each
having a slope to deflect the beam in a direction
parallel to the direction of motion of the film
whereby said slope and the speed of said film de-
tarmine the pericd of scanning a picture, each of
certain of said scanning portions of said wave be-
ing followed by a portion of much shorter dura-
tion and of much greater and reverse slope to
position the beam for commencing another ideld
scanning of the picture a scanning of which has
Jjust been completed under control of the preced-
ing scanning portion with an offset from the pre-
ceding field scanning in the direction in which
each of said elemental strips is scanned whereby
interlacing of the field scannings of the same pic-
ture is effected, and each of the remaining ones of
said scanning portions of said wave being fol-
lowed by a portion having said short duration
and a slope intermediate said two first mentioned
slopes and in the same sense as the said first
slope for positioning the beam for commencing
the scanning of a succeeding picture portion.
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