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Under some conditions it becomes. desirable
to obtain a record of the sequence of events that
transpire at a locality. Hitherto such a record
had been customarily obtained by a motion
picture camera, the record consisting of a film
or strip upon which appears a series of framed
photographs of the locality. Such a record,
however, is inadequate for many purposes be-
cause to appreciate the exact sequence of events
it becomes necessary to project the film onto a
screen by the conventional motion picture pro-
jector. It is the aim of the present invention
to provide a method and apparatus for producing
a photographic record strip of such a sequence
of events, on which the record appears con-

~ tinuously and uninterruptedly, with the result

that a mere inspection of the strip immediaiely
presents an accurate visualization of the sequence
of events at the particular locality.

The present invention is particularly appli-
cable for obtaining a permanent and accurate
record of the finish of races such as horse races,
automobile races or foot races or the like.
For this purpose the present method and ap-
paratus may be employed in such a manner that
a continuous photographic record is obtained of
events that transpire in the immediate vicinity
of the finish line and the present invention
may be so employed that the record is limited
merely to the space within a foot or two of
the finish line and if desired it may even be

10

20

[
18

30

limited to a space within a few inches of the -

finish line.

By means of the present invention the photo-
graphic record may also have on it a time
indication which will show the time of arrival of
each contestant-at the finish line. This time in-

dication and the apparatus employed for effect--

ing such a record and indication upon the film
bearing a continuous record of the events is
preferably so employed that the time indication
on the photographic record or film shows the
lapse of time from the beginning of the race
to the. finish of the race by each contestant.
For this purpose a clock mechanism is started
into operation from its zero position at the
start of the race and when the record is made
of the events at the finish of the race the time
indications will - be projected onto the photo-
graphic film simultaneously therewith. While

the record obtained by means of the present -

invention ‘is of particular value in determining

the: winner ‘in ‘a8 race which has been run too

close ‘for the human eye to select the first who
¢rosséd: the finish line, the invention is highly
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useful under ell conditions for the purpose of
obtaining a reliable -record of the time taken
by all contestants. The present invention may
also be employed to time the entire field in the
race being run by installing such apparatus not
only at the finish line but also at other points
along the track. The present invention, there-
fore, produces a photographic time chart of
events that transpired at a selected locality.

In the method employed herein the light trans-
mitted by the moving objects such as horses,
automobiles or other contestants is modulated

‘at predetermined frequences and the image is

projected onto a continuosly moving sensitive
film such as 35 millimeter motion picture film.
The rate of travel of the film is determined
by the speed of travel of the moving object,
the focal length of the lens employed and the
distance of the lens from the wmoving object.
The ratio between the rates of travel of the
object and the film should be substantially equal
to the ratio ketween. the distance of the lens
from the object to its focal length. This “stops”
the motion of the moving object or may be said
to bring -about conditions of relative fixity of
film and object.

The film is masked by an opaque mask having
a narrow slit such as an eighth or a tenth of
an inch in width. Thus only a very narrow por-
tion of the film is exposed at a time; the width
of the slit in the mask may be varied as desired
so as to permit the variation of the distance
on either side of the finish line covered by each
exposure. Thus in an installation having a
lens with a focal length of 5 inches, the camera
being installed about 150 feet from the finish
line, a slit of 0.1 inch will cover approximately
18 inches on each side of the finish line.. This
is satisfactory for almost all purposes. But it
will be understood that with a narrower sht this
distance is reduced and vice versa. The deth
of the slit in the mask is also partly dependent
on the focal length of the lens. With longer
focal length a wider slit may be employed with
the same accuracy.’

The modulation of the hght transmitted by the
object is obtained by the aid of any suitable
scanning device. In the present invention the
scanning device preferably takes the form of
a rotating dise having a series of radial slits, .
the disc being so disposed that a portion of it

‘is always interposed between the lens and the

film, and during this rotation the slits suc-
cessively expose adjacent portions of the moving
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film to the light transmitted by the moving
object.

The r.odulating frequency employed in the
present method is determined by the rate of
movement of the film and the width of the slit
in the mask. Thus with an installation empioy-
ing a camera having a focal length of 5 inches.
installed about 150 feet away from the finish line,
the object traveling at substantially 30 miles per
hour the film should move uniformly at the rate
of 146 inches per second, or about 1.5 inches
per second. Therefore with a mask having a
slit one-tenth of an inch in width the modulating
frequency will be 15 per second., The width of
the slits in the scanning disk should preferably
be the same as the width of the slit in the mask.
Such width may, however, be varied so as to
vary the exposure of each section of flim.

In the present method, therefore, a continu~
ously and substantially uniformly moving film
is exposed in successive portions lengthwise of
the film, the portions being adjacent to each
other, each portion being of a small dimension
lengthwise of the film and preferably extending
the full width of the film.

The present invention will be more clearly un-
derstood from the accompanying drawings in
which:

Figure 1 is a top view of the apparatus em-
ployed in the present invention.

Figure 2 is a back view of the apparatus shown
in Figure 1.

Figure 3 is a side view taken from the left
end of Figure 1.

Figure 4 is an enlarged and schematic show-
ing of the record obtained by the present method
and apparatus. °

Figure 5 shows the employment of the present
method and apparatus at a number of selected
points on a course.

Figure 6 is a diagrammatical showing of the
electrical system.

Figure 7 illustrates the construction of the
clock employed in the present device.

PFigure 8 is a plan view of the mask showing its
relation to the film.

In the apparatus.shown herein 10 is a base
which supports a chamber {1 carrying a supply
of film {2, The film coming out of the chamber
it first passes in engagement with the hold back
sprocket 13 and then passes in front of the me-
chanical filter wheel 14, then in back of tension
roller 15 over guide roller 16 driving sprocket 17
and guide roller (8. The hold back sprocket 13
is employed to prevent excessive feed of film 12
and for this purpose its rotation may be some-
what impeded by the spring 19 whose tension
may be adjusted by means of the knurled nut 20.
The mechanical filter wheel 14 over which the

film 2 is flexed in such a manner that a sub-

stantial portion of the fillm is in contact with
the cylindrical surface of the wheel is in the
nature of a flywheel and serves to maintain the
speed of the film {2 substantially uniform. The
tension roller 1§ rotates freely on the bracket 21
which is pivoted at 22, the roller 1§ being main-
tained in a floating condition by the spring 23.
The driving sprocket 1T governs the speed of the
film and is driven by the motor 24, the motion
being transmitted thereto by means of the worm
25 and the worm gear 28 in engagement there-
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with the worm gear being carried by shaft 27 of

the sprocket wheel {1.
The driving shaft 29 of the motor 24 passes
through the bracket 28 and by means of the bey-
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eled gears 30 its motion is transmitted to the
scanning disc 31, the latter having a segmental
portion overlying the fllter wheel 14 and the film
12 traveling thereon. The scanning disc 31 is
provided with a series of radial slits 32, which
may be of any suitable width depending upon
the conditions under which the apparatus is em-
ployed and generally may be said to be approxi-
mately one-eighth or one-tenth of an inch In
width. The width of the slits may be varied over
a wide range and may under some conditions be
one-thirtieth of an inch if desired. The lens 33
together with its shadow box 34 are disposed as
shown.

A mask 35, having a slit 15 is disposed over
the filter wheel 14, The mask is held by the
frame which also carries the cylindrical lens 36
which serves to sharpen the image cast by the
slit 18.

The gears 30 and the worm and gear trans-
mission 25, 26 are so related that the desired
ratio of rotation of the scanning disc and driv-
ing sprocket 1T is had. The ratio is such that
the revolutions per second of the disc multiplied
by the number of slits in the disc will equal the
ratio of the travel of the film per second to the
width of slit 15 in the mask thus assuring one
and only one exposure for each successive por-
tion of the film as it passes under the slit 8.
Thus the ratio of gears 30 will depend upon the
number of slits in the disc. The number of slits
in the scanning disc determines the speed at
which the scanning slit passes over the ex-
posed portion of the film. Thus the number
of slits depends upon the exposure desired.

With the apparatus once organized as shown
the speed of the motor 24 may be adjusted by
means of the rheostat 10 in correspondence with
the speed of the object. The film, to stay in step
with the travel of the object, travels In a direc-
tion opposite to that of the moving object and
the operating portion of the scanning disc travels
in the same direction with the film. The rate
of linear travel of the slits Is of course greater
than the speed of the film. The disc 31 with its
slits therefore acts as a high speed shutter and
approximates the action of the customary focal
plane shutter.

While it is preferred that the width of the
slits 32 be approximately the same as the slit
in the mask over the film it will be understood
that the present method and apparatus is not
limited to this size of slit for smaller and larger
slits may also be employed depending upon the

5 factors already considered and also upon addi-

tional factors such as speed of the lens, the speed
and sensitivity of the film and other properties
of the optical system employed.

The plate {8 also carries chamber 37 in which
is mounted the clock mechanism 38. This clock
mechanism is shown in Figure 7 and comprises
a synchronous motor 39 operated at 300 revolu-
tions per minute and a four-wheel counter 40
shown in Figure 7 as indicating one minute
twenty-three and four-fifths seconds. The ro-
tation of the driving shaft 4! is transmitted by
the gear 42 to the last wheel in the counter which
indicates fifths of a second. The wheels of the
counter are associated so as to transfer properly
to indicate minutes, tens of seconds, seconds and
fifths of seconds. The shaft &1 also rotates the
disc 43 which is provided with a cut out portion
The disc 43 is rotated 300 revolutions per
minute or one revolution every. fifth of a second.
The spacer 48§ interposed between one pair of
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adjacent counting wheels is provided with a
painted arrow 46.

The clock mechanism shown in Figure 7 to-
gether with its lamps 47 are mounted in cham-
ber 31. It will now be understood that the indi-
cation of this clock will be transmitted every
fifth of a second through the prism 48 and
thence through the lens 49 onto the edge of the
film. With the time indication of the clock will
also be photographed the arrow 46. The clock
and its optical system are so disposed that the
clock indication is projected onto the edge 50
of the film which is beyond the portion covered
by the scanning disc. Thus one edge of the film
will bear spaced indications of the time every
fifth of a second.

If desired an apparatus may also be set up
which will project onto the film the date of the
events that are being recorded. For this pur-
pose the date rollers 51 are suitably mounted
with an apertured disc 52 disposed immediately
in front of the same, the latter being rotated by
the motor 53. 54 indicates the lamps which il-
luminate the date rollers 5I. By means of the
lens 55 and the rotating disc 52 the date is period-
ically projected onto an edge of the film {2 as
it passes over the driving sprocket 7.

Figure 5 is a schematic illustration of a race
track 56, grandstand 57 and finish line 58. The
apparatus disclosed herewith is mounted on top
of the grandstand as shown at 59. In mounting
this apparatus it is lined up by means of a transit
with the finish line 58 and is then bolted in posi-
tion and preferably locked and sealed in position
so that it may not be disturbed from this posi-
tion by unauthorized persons, Similar apparatus
6f, 62 and 63 are disposed at several other points
along the track. »

The clocks in each of the apparatus 59, 61, 62
and 63 are started simultaneously with the start
of the race. This may either be done manually
merely by closing a switch which controls the
supply of current to the motors 3% of each of
these clocks 38; or if desired they may all be
started automatically by means of suitable ap-
paratus in response to the start of the race.
Shortly before the leader of the race reaches the
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‘point at which the apparatus is installed, cur- -

rent is supplied to the motor 24 of the corre-
sponding apparatus.
ated for a time long enough to permit all the par-
ticipants in the race to pass that particular point
and sometime shortly after that the motor of
the apparatus at the next succeeding point is

energized. These operations may be performed -

either manually by an operator stationed at each
point or else they may be performed from a cen-
tral station located at the apparatus 59 at the
grandstand. Figure 6 shows diagrammatically
a system which may be' employed for this pur-
pose. In this Figure 24a, 24b, 24c and 24 are dia-
grammatical showings of the motors associated
with the apparatus 61, 62, 63 and 59 respectively.
The switch arm 65 may be moved along the con-
tacts 66 so as to complete the circuit from the
source of current 67 through each of these mo-
tors as described.

Pigure 4 shows an enlarged view of the photo-
graphic time chart obtained by the present
method and apparatus. The strip 12 has photo-
graphs of the contestants as they reach the fin-
ish line, in the order of their arrival at the finish
line, together with indications of the time elapsed
from the start of the race. Thus it will be seen
that contestant A completed the race and reached

The motor 24 is then oper- &
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the finish line in one minute thirty-four sec-
onds; contestant B in one minute thirty-four and
three-fifths seconds; and contestant C in one
minute thirty-seven seconds, while. contestant
D reached the line immediately after that.

The photographs of the moving objects A, B,
C, D appearing in the strip are each taken piece-
meal as its successive portions appeared within
view of the camera at the finish line. Thus the
photographic recordclearlyindicates the sequence
of events or the order in which the participants
crossed the finish line merely by the order in

.which such ohjects appear on the strip and with-

out the aid of the time indication. The time in-
dication, however, is desirable to indicate the
time different between the arrival of each of the
participants and also to indicate the time of the
race for each participant.

While as described the present apparatus is
to be employed under conditions where the cam-
era is stationary and the objects being photo-
graphed are in motion, it will be understood that
the present method and apparatus are employ-
able under all conditions where there is relative
movement between the camera and the objects.
Thus it may be employed for photographing sta-
tionary cbjects from a moving vehicle such as an
automobile or an aeroplane or the like. It may
also be employed where both the camera and the
objects are in motion, one moving at a greater
rate than the other. '

The photographic record is being claimed in
another application copending herewith.

I claim:

1, The method of forming a continuous unin-
terrupted and undivided photographic record of
race particlpants crossing the finish line of a
racé course, comprising the steps of focusing a
camera on the finish line of the course, moving a
continuous strip of film in the camera at a rate
having the same ratio to the approximate speed
of the participants that the focal lenth of the
camera bears to the distance ¢f the camera from
the finish line thereby obtaining substantial fix-
ity of the film relative to moving image of the
rarticipants crossing the flnish line, and passing
a slitted element over said film in the direction of
movement of the film and at a speed greater
than the speed of the film, the size of the slit
and the speeds of the slitted element and the film
being so related that every portion lengthwise of
the film is exposed, thereby obtaining a still con- .
tinuous photograph containing only one photo-
graph of each participant and indicating at a
glance the order in which the participants
crossed the finish line of the course.

2. The method of obtaining a continuous pho-
tographic time record of race participants cross-
ing the finish line of a race cource comprising the
steps of focusing a camera on the finish line of
the course, starting a timer normally at zero with
the start of the race, maintaining the camera in
its normally inoperative condition until the race
participants approach the finish line, then start-
ing the caméra and moving a continuous strip
of film in the camersa at a rate having the same
ratio to the approximate speed of the partici-
pants that the focal length of the camera bears
to the distance of the camera from the finish line
thereby obtaining substantial fixity of the film
relative to .moving image of the participants
erossing the finish line, and passing a slitted ele-
ment over said film in the direction of movement
of the film and at a speed greater than the speed

_of the film, the size of the slit and the speeds
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of the slitted element and the film being so re-
lated that every portion lengthwise of the film
is exposed, and simultaneously periodically ex-
posing a marginal portion of the film to the timer,
thereby obtaining a still continuous photograph
containing only one photograph of each partici-
pant and indicating at a glance the order in
which the participants crossed the finish line of
the course and the time made by each partici-
pant. . .

3. A vhotographic apparatus for obtaining a
continuous uninterrupted and undivided elon-
gated photographic still of race contestants
crossing the finish line, said apparatus compris-
ing a lens, a continuous film strip, having at least
a part of it disposed in the focal plane of the
lens, masking means for said film strip having
a slit transversely of the film, a rotatable disc
having radial slots so mounted that the slotted
marginal portion of the disc is disposed over the

10

mask, a motor, means for translating the rota- -

tion of the motor into uniform linear motion of
the film strip, means for varying the speed of the
. motor to impart to the film a speed having ap-

proximately the same ratio to the speed of the -

race participants as the ratio of the focal length
of the lens to the distance of the camera from the
finish line, and means for transmitting the rota-
tion of the motor to the disc, the said transmis-
sion means being such that a slot in sald disc
will pass over said mask during the travel by the
film of a distance equal to the width of the slot,
the linear speed of the marginal portion of the
disc being greater than the speed of the flim
and in the same direction as the film.

4. A photographic apparatus for cbtaining a
continuous uninterrupted and undivided elon-
gated photographic still of race contestants cross-
ing the finish line, sald apparatus comprising a
lens, a continuous film strip, having at least a
part of 1t disposed in the focal plane of the lens,
maskng means for said film strip having a slit

transversely of the film, a slotted element dis-

posed over the mask, a motor, means for trans-
lating the rotation of the motor into uniform
linear motion of the film strip, means for vary-
ing the speed of the motor to impart to the film
2. speed having approximately the same ratio
to the speed of the race participants as the ratio
of the focal length of the lens to the distance of
the camera from the finish line, and means for
transmitting the rotation of the motor to the
slotted element, the said transmission means be-
ing such that a slot in said element will pass
cver said mask during the travel by the film of
a distance equal to the width of the slit, the
linear speed of the slotted portion of the element
being greater than the speed of the film,

5. A photographic apparatus for obtaining.a
single continuous uninterrupted and undivided
elongated photographic still of race contestants
crossing the finish line, said apparatus compris-
ing a lens, a continuous film strip, having at least
a part of it disposed in the focal plane of the
lens, a rotatable disc having radial slots so mount-
ed that the slotted marginal portion of the disc
is disposed over the film, a motor, means for
ranslating the rotation of the motor into uni-
form linear motion of the film strip, means for
varying the speed of the motor to impart to the
film a speed having approximately the same
ratio to the speed of the race participants as the
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ratio of the focal length of the lens to the dis-
tance of the camera from the finish line, and
means for transmitting the rotation of the motor
to the disc, the said transmission means being
such that a slot in sald disc will pass over said
film during the time of travel by the film of @
distance equal to the width of the slot, the linea:
speed of the marginal portion of the disc being
greater than the :speed of the film and in the
same direction as the fillm.

6. A photographic apparatus for obtaining a
single continuous uninterrupted and undivided
elongated photographic still of race contestants
crossing the finish line, said apparatus compris-
ing a camera box, a lens, a continuous film strip
disposed behind the lens, a relatively large roll
disposed behind the lens and having a portion of
its cylindrical surface disposed in the focal plane
of the lens, a continuous strip of film flexed over
and in frictional contact with a substantial por-
tion of the cylindrical surface of the roll and
including the portion thereof disposed in the fo-
cal plane of the lens, a feed sprocket spaced from
saild roll and in engagement with said fllm, a
tension roller in engagement with the film be-
tween the feed sprocket and the rol], a hold back
sprocket in engagement with the film on the
other side of the roll, a motor for driving the
feed sprocket and a radially slitted disc having
a peripheral portion disposed between the roll
and the lens and means for transmitting the ro-
tation of said motor to the disc to rotate the disc
at a speed greater than the speed of the film
so that all portions of the film are exposed, and
means for varying the speed of the motor.

7. A photographic apparatus for obtaining a
single continuous uninterrupted and undivided
elongated photographic still of race contestants
crossing the finish line, said apparatus compris-
ing a camera box, a lens, a continuous film strip,
having at least a part of it disposed in the focal
plane of the lens, masking means for said film
strip having a slit transversely of the film, a ro-
tatable disc having radial slots so mounted that
the slotted marginal portion of the disc is dis-
posed over the mask, & motor, means for trans-
lating the rotation of the motor into uniform
:inear motion of the film, strip, means for vary-

- ing the speed of the motor to impart to the film
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a speed having approximately the same ratio
to the speed of the race participants as the ratio
of the fogcal length of the lens to the distance
of the camera from the finish line, means for
transmitting the rotation of the motor to the
disc, the said transmission means being such that
& slot in said: disc will pass over said mask dur-
ing the time of travel by the film of a distance
equal to the width of the slit, the linear speed of
the marginal portion of the disc being greater
than the speed of the film and in the same direc-
tion as the film, a time indicator carried by said
camers box, a slotted rotating disc disposed in
front of said time indicator to expose the same
every fifth of a second, and means for projecting
an image of said time indicator to the marginal
portion of the film in substantial alignment with
sald slit, thereby obtaining a time indication in
registry with every portion of the film, to indi-
cate at a glance the time of arrival of each par-
ticipant.
HARRY D, BELOCK.




