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The present invention relates in general to tim.
ing apparatus, but more in particular to timing
apparatus operating on the stroboscopic principle
. and including a constant speed element and a

. lamp which is flashed under control of the de-

vice being timed or tested. The object of the -

invention is to produce a new and improved tim-
ing apparatus of this character.

‘A special object of the invention is to produce
a stroboscopic timing apparatus in which a light
spot is used as an indicator and in which such

- indicator travels along & straight line in a direc-
tion and at a speed which is dependent upon
the rate of the device being timed.

The invention and various features thereof will
be described in detail hereinafter, reference be-
ing had to the accompanying drawing, in which:

Fig. 1 is a front view of a timing apparatus
constructed in accordance with the invention;

Fig. 2 is a top or plan view of the same; and
. Pig. 3 is a diagrammatic circuit drawing show-
ing the essential items of electrical equipment
required and their connections,

Referring to the drawing, the- reference nu-
meral 1 indicates a rectangular metal plate which

serves as & base on which the various parts of

the timing apparatus are mounted. ' The con-
struction and arrangement of these parts will be
explained briefly.

The reference numeral 2 indicates a small syn-
chronous motor of any suitable and known type.
This motor is supported on two upright plates 3
and 4 which are secured to the base plate {. The
construction will be clear from Figs. 1 and 2.

The motor 2 is geared to & shaft 5 by means of
‘a pinion 11 and gear wheel 12. The shaft § is
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windows 171 therein. The drum may be con-
structed in different ways. For example, the
drum may be made of opaque material and may
have light-transmitting portions in the form of
spiral slots which are cut in the wall of the drum.
In this case the slots should terminate short of
the right hand end of the drum, leaving sufficient
material to support the -several sections into
which the drum is divided by the slots. However,
a preferred form of construction is to employ a

.drum made of some transparent plastic material

such as Lucite and to paint the drum black ex-
cept for the spiral light-transmitting portions i1.

Adjacent the end of the drum (6 there is an
upright casing 20 constructed of sheet metal and
secured to the base | by means of L-shaped
brackets 22 and 23. In this casing there is
mounted a light source 21, which is preferably a
type 631P1 gas-filled tube known as a ‘“Strobo-
tron.” The tube 21 is so located in the casing 20
that the light-emitting portion of the tube is cen-
trally disposed with reference to the open end
of the drum 8. A reflector 24 and a lens 2§ are
provided to project the light mbo the interior of
the drum.

The reference character 26 indicates a con-
cave cylindrical mirror which is located inside
the drum 18 and is supported on the base { by

-means of an L-shaped bracket 27. The mirror

26 made be made of sheet metal, with a polished
light-reflecting surface which is adapted to reflect

“the light reeeived from lens 25 toward the win-

dow 32. .
In front of the drum IG there is a mask com-
prising a rectangular sheet metal plate 30 having

- & foot portion 31 by means of which it is at-

supported in ball bearings 8 and 9, which are
mounted in a tube or cylinder 18 supported on

the two upright plates'§ and 1. These upright
plates are attached to the base { in any suitable
manner, like the upright plates 3 and 4. They
may, for example, be welded to the base plate.

At the end opposite the gear wheel (2 the shaft’

8§ carries a flanged disk 13, which is rigidly se-
cured to the shaft. The shaft may be, for ex-
ample, threaded into the disk and secured by a
lock nut (4. The -disk 13 supports a drum or
cylinder 18, as shown. The disk I3 is of the
same diameter as the inside diameter of the drum
18, which fits tightly on the disk with its end
against the flange 8. A small amount of suit-
ableeementmaybeused it desired, to aid in
holding the drum in place.
‘ Thedmml.isomuetonxhtexeepttora

tached to the base {.  This mask is of sufficient .

- size so as to entirely cover the drum 16 when

the latter is viewed from in front, as in Fig 1.
The mask 30 is, however, provided with a hori-
zontal slot or window 32 which is parallel to the
axis of the drum and has the same elevation above

-the base. Through the window 32 the intersect-

ing portion of one of the spiral windows l‘l of
the drum may be observed. :

If desired, two calibrated scales may be pro—
vided above and below the window 32, one read-
ing from right to left and the other from left
to right.

Referring to Fig 3, the reference character 40
represents a standard frequency source which is
provided for generating alternating current of
constant frequency for running the motor 2 at a
predetermined constant speed. The standard fre-

plurality of narrow spiral light-transmitting 88 quency generator may be of any known and suit-
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able type, although preferably a generator using
a crystal oscillator as the constant frequency ele-
ment is employed. The generator is connected
to the motor 2 by means of conductors 41 and
42. As shown herein, the motor 2 is a two-phase
motor, a condenser 43 being provided to produce
the necessary phase displacement of the current
in one of the motor windings. ,

The output frequency of the standard fre-
quency generator depends on the motor speed
desired, which in turn depends on a number of
other factors, including the rate or frequency of
the device to be timed. As disclosed herein, the
timing apparatus has been designed especially
for the static timing of fuses of the clockwork
type, which have a beat frequency of 330 beats
per second. As will appear presently, a suitable
standard frequency for use in this situation is
55 cycles per second, which causes the motor 2
to run at a speed of 1650 R. P. M., assuming that
the motor has four poles. .

The circuit arrangement by means of which
the fuse being timed controls the Strobotron tube
21 may be similar to known circuit arrangements
used in watch timing, since the fuse is timed in
a stationary condition. However, & circuit ar-
rangement such as is used in the dynamic timing
of fuses may also be employed, an example of
such circuit sfrangement being disclosed in the
pending application of Gibbs et al, Ser. No.
350,932, filed August 3, 1940. The circuit may be
simplified somewhat due to the fact that the
claborate filtering means required in dynamic
timing is not necessary.

Fig. 3 shows the essential features of a circuit
arrangement which may be employed following
the teaching of the Gibbs et al. application.

The rectangle 44, labeled “Pick-up,” repre-
sents a photo-electric pick-up apparatus by
means of which a fuse being timed is caused to
generate periodic voltages having the same fre-
quency as the beat frequency of the fuse, that is,
a frequency of 330 cycles per second or approxi-
mately that frequency, depending on how ac-
curately the rate of the fuse is adjusted.

The rectangle 45 represents & suitable ampli-
fler for amplifying the periodic voltages generat-
ed by the pick-up apparatus.

The rectangle 46 represents a frequency di-
vider, comprising preferably a plurality of multi-
vibrators arranged in tandem, for reducing the
fuse frequency to a sub-multiple frequency which
is more suitable for use in controlling the timing
apparatus. The frequency divider may, for ex-
ample, divide by 18; and in this case, since the
frequency of the voltages generated by the fuse
is 330 cycles per second, the output frequency of
the frequency divider is 18%; cycles per second.

The output of the frequency divider is applied
to the control grid 58 of the Strobotron tube 21.
The grid 50 is normally at ground potential, while
the grid 51 is maintained at a selected potential
somewhere between ground potential and the
positive B potential by a potentiometer compris-
ing resistances 52 and §3. ‘The output of the fre-
quency. divider has a wave shape characteristic
of . multivibrators; that is, the negative half-
waves are of considerable amplitude and have a
steep wave front. Each negative half-wave
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denser B8 discharges very rapidly over a path
which includes the cathode and plate of the tube,
which emits & flash of light of very short dura-
tion. Each time the condenser §8§ discharges

‘the voltage at the plate of the tube 21 is reduced

to such a low value that the space discharge
through the tube cannot be maintained and it
becomes non-conductive. Each time the tube 2I
is extinguished in this manner, the condenser 88
charges through the resistor 84, and thus pre-
pares for another discharge through the tube,
when the next half-wave of control goltage is
received at grid §9. The condenser §5 has suffi-
cient capacity to light the tube 21 properly and
the resistance 54 has such a value that the con-
denser becomes nearly fully charged each time.

The operation of the complete timing appa-
ratus when set up for the static timing of fuses
may now be explained briefly, it being assumed
mtathe apparatus is connected as indicated in .

As previously stated, the output frequency of
the standard fréquency generafor is 55 cycles per
second, and accordingly the motor 2, being &
four-pole motor, runs at a speed of 1650 R. P. M.
The gear ratio between the motor 2 and the
drum 16 is 1 to 6, and accordingly the speed of
the drum is 275 R. P. M., or 475 R. P. 8. There"
are four of the light-transmitting spirals {7 on
the drum so that these spirals 17 pass the view-
ing window 382 at the rate of 18%; spirals per sec-
ond. In other words, if the motion of the spirals
relative to the window 32 is regarded as a scan-
ning operation, the scanning frequency is 1814
times per second. .

The direction of rotation of the drum 1§ may
be counterclockwise, as seen from the right hand
or open end of the drum. During each scanning
operation, therefore, the intersection of the
spiral which is performing the operation with the
window 32 moves along the window from left to
right at a uniform velocity. The spirals are
ninety degrees apart, so that as one spiral com-
pletes & scanning operation the next spiral be-
comes effective to repeat the operation, and so on
continuously so long as the rotation of the drum
continues. )

The pick-up apparatus 44 generates periodic

voltages in response to the operation of the fuse,

as previously explained, said voltages having a
frequency of 330 cycles per second. These volt-
ages are amplified by the amplifier 45, the output
of which is transmitted to the frequency divider
46.  This equipment divides the frequency by I8
and consequently the output of the frequency
divider has & frequency of 18%; cycles per second
or thereabouts, depending on the accuracy of the
fuse being timed.

The frequency divider output is used to control
the Strobotron tube 21, which accordingly flashes
at the same frequency. At each discharge of
the tube a momentary flash of light is projected
to the interior of the drum by the reflector 24

- and lens 25, and is reflected toward the window

_therefore drives the grid 50 to & potential which 79

1s considerably below ground potential and the
potential on grid §i has such & value that the
difference in grid potentials thus established is
sufficient to start the discharge of the tube 21.
Each time the tube becomes conductive, the con-

32 by the mirror 26. These flashes are seen
through the window at the point or points where
the window is intersected by one of the spirals
‘17 at the instant the flashes are produced.

The first flash will be seen at some random
point along the window, depending on the in-
stant position of the spiral which is scanning
the window. The drum may be in the position in
which it is shown in Fig. 1, for example, in which
case the first flash will be seen slightly to the left

y8 of the center of the window. Now the scanning
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- frequency is 18 times per second, and since
the Strobotron flashes at the rate of 18%; times
'per second (f the rate of the fuse being tested
is correct), when the second flash occurs the
-drum will have rotated ninety d?gzees and the
next spiral 1T will be in the same position rela-
' tive to the window 32 as the preceding spira] was
at the instant of the first flash. The second
flash is accordingly seen at the'same position
in the window as the first flash, and the same is
true of the succeeding flashes. These flashes are
visible to the operator as a diamond-shaped light
spot, which functions as an indicator. If the
light spot remains stationary in one position
' while a fuse is being timed, it indicates that the
rate of the fuse is correct, as will be understood
from the foregoing. :

If the rate of the fuse being tested is fast, then
the interval between the first and second flashes
will be shorter, the drum will not rotate a full
ninety degrees during such interval, and when
the second flash occurs the second spiral will
intersect the window 32 at & point slightly to the
left of the point where it was intersected by the
first spiral at the time the first flash occurred.
The succeeding flashes gain on the scanning drum
in the same way and are seen at points located
progressively farther to the left along the window
32. The light spot observed by the operator there-

fore drifts to the left, which indicates that the

rate of the fuse is fast.

If the rate of the fuse is slow, the light spot
will move to the right along the window 82, for
reasons which will be readily understood. In
this case the scanning drum gains on the flashes
of the Strobotron, and as the spirals IT scan the
window 32 the intersections thereof advance pro-
gressively farther to the right as the correspond-
ing flashes occur. This causes the light spot to
drift to the right, which indicates that the rate
of the fuse is slow, as stated. .

The rate at which the light spot drifts along
the window 32 is an indication of how much the
fuse is fast or slow, as the case may be. The op-
erator observes the rate of the drift, therefore,
as well as its direction, for the purpose of making
the necessary adjustment to correct the rate of
the fuse. The direction of the drift indicates
whether the rate should be increased or de-
creased, and the rate of the drift is a measure
of the extent of the adjustment which has to
be made in either case.

It will be understood from the foregoing that
an .experienced operator does not need to know
the exact amount of the errors that are met with
in order to time fuses satisfactorily, and the scales
shown in Fig. 1 may not always be provided; or
if provided, need not be used. Under certain cir-
- cumstances, however, it may be desirable to as-
certain the value of the gain or loss and to meet
such a requirement the scales may be calibrated
on the basis of a predetermined timing interval
such as one minute so that the drift which takes
place during such timing interval may be read
as error in seconds per day. E .

The timing speed, or the rapidity with which

" readable rate indications can be obtained, de-
pends on the scanning speed, which is a function
of the scanning frequency and the linear distance
traversed in each scanning operatfon. The scan-
ning frequency is 18% scanning operations per
second, as previously explained. The effective
length of the window 32, that is, the distance
along the window which is scanned by éach
of the spirals 17, may be six inches. The scan-~
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ning speed is therefore 110 inches per second,
which is a relatively high speed. It may be com-
pared, for instance, with the scanning speed in &
well known watch timing apparatus of the re-
cording type, which has a scanning speed of

-90 inches per second. .

It will be understood that the timing appa-

.ratus shown and described herein is well adapted

for timing other devices, such as watches, for
example. For timing five beat watches, which
includes the great majority of all watches in use
today, the timing apparatus may be used with-
out change except that the scanning frequency
must be changed so that it is equal to or an
exact multiple of the beat Irequency. This may
readily be accomplished by using a standard fre-
quency generator having an output freqguency
of 60 cycles per second. On 60-cycle current the
motor 2 runs at 1800 R. P. M., or 30 R. P. S. The
gear ratio being 1 to 6, the drum will rotate at a
speed of 5 R. P. S., and since there are four spirals
the resulting scanning frequency is 20 times per
second, a frequency which is an exact multiple of
the beat frequency. o

It will be understood also that the speed of the
drum or the number of spirals thereon, or both

. may be changed when necessary or desirable. For
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example, & gear ratio of 1 to 3 may be used, re-
sulting in a drum speed of 10 R. P. S., assuming a
60-cycle standard frequency source ag used in
the preceding example. - If the drum is now pro-
vided with three spirals spaced 120 degrees apart,
the scanning frequency will be 30 times per sec-
ond. With this scanning frequency the timing
apparatus Is adapted for timing both five and six
beat watches. T 4

It will be ¢lear that various other combina-

- tions may be devised, whereby practically any de-
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sired scanning frequency may be obtained, adapt-

‘ing the timing apparatus for operation in timing

any frequency that will ordinarily be met with

in practice. v
Various other modifications may be made with-

in the principles of the invention. I do not there-

= fore wish to restrict myself to the exact forms

of the invention illustrated and described herein,
but desire to include and have protected by let-
ters patent all forms and modifications thereof
scope of the appended
claims, . : ! B
I claim: :
1. In a timer of the stroboscopic type, viewing
means including & straight narrow window, a ro-
tatable drum having one or -more spiral windows

5 S0 arranged that one window is at all times in

intersecting relation with said first window,
means controlled by a device being timed for
producing light flashes inside said drum which
are visible at the point where & spiral win-
dow on the drum intersects said first window; and
means operative before any such light flashes are
produced for rotating said drum at a predeter-
mined constant speed such that if the rate of the
device being timed is correct a spiral window will
intersect said first window at the same point
each time a light flash occurs and the light spot
produced by successive flashes will -appear to
stand still.

2. In a timer of the stroboscopic type, viewing
means including a straight narrow window, a
drum open at one end supported for rotation be- .
hind said window, said drum having & light
transmitting portion arranged to intersect said
window at a Doint which travels lengthwise of the
window as the drum is rotated, a light source lo-
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cated outside said drum adjacent the open end
thereof, an. optical system for projecting light
from said source into the interior of sald drum,
and a stationary mirror inside sald drum for re-
flecting the light toward said window.

3. In a stroboscopic timer, means for form-
ing a momentary beam of light, viewing means
including a long narrow window extending par-
alle] to sdid beam, means for reflecting said heam
. toward said window, and an element rotating be-
tween said reflecting means and window having
meens for blocking off from said window all of
said beam except a small section thereof the po-
sition of which along the window depends on the
instant position of the rotating element when the
beam is formed.

4. In a timer of the stroboscopic type, view-
ing means including a straight narrow window, a
rotatable drum behind said viewing means and
having one or more spiral windows for scanning
said first mentioned window, a light source for il-
luminating the interior of said drum to project
~ light through said first mentioned window at any

point where the same is intersected by & spiral
window on the drum, means controlled by a de-
vice being timed for flashing said light source,
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checked for producing light flashes which are
visible through said light valve.

7. In & watch timer, viewing means including &
straight narrow viewing window, & rotatable drum
behind said viewing means and having one or
more spiral windows for scanning said viewing
window, means including a light source for pro-
jecting light outwardly from the interior of said
drum through said viewing window at any point
where the same is intersected by a spiral win-
dow on said drum, means responsive to the beats
of a watch being timed for flashing said Hght

_ source, and means effective whether the watch
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and means effective whether the rate of said de- - °

vice is correct or not for rotating said drum at a
predetermined constant speed such that the scan-
ning frequency is an exact multiple of the flash-
ing frequency produced by said device when its
rate is correct. Co ’

5. In an apparatus for comparing the frequency
of a train of periodic impulses with a standard
impulse frequency, & rotatable drum having a plu-
rality of narrow spiral light transmitting scanning
windows equally spaced around the periphery of
the drum, a mask in front of said drum hav-
ing a straight narrow viewing window which is
parallel to the axis of said drum, means includ-
ing a light source for projecting light from the
interior of said drum outwardly through said
viewing window at any point where the same
is intersected by one of said scanning windows,
means controlled by said train of impulses for pe-
riodically fiashing said lamp, and means compris-
ing a synchronous motor and a constant fre-
guency source of alternating current for rotating
said drum at a predetermined constant speed such
that the product of the drum speed in revolutions
per second and the number of scanning windows
is a number which is an exact multiple of the
said standard impulse frequency in impulses per
second.

6. Apparatus for checking the rate of time-
keeping devices of the type which includes an ele-
ment having periodic oscillatory motion, said ap-
paratus comprising a light valve including a ro-
tatable element and & fixed element cooperat-

ing therewith to define a light transmitting area .

which travels repeatedly along a straight line re-
sponsive to rotation of said rotatable element, said
fixed element having a straight narrow window
and said rotatable element having an intersecting
window adjacent portions of which successively
cooperate with said first window in defining said
area, a source of alternating current having &
predetermined constant frequency in cycles per
second of standard time, a motor supplied with
current from sald source to drive said rotating
" element, said motor having a speed bearing a fixed
relation to the frequency of said source, and
means responsive to the beats of the oscillatory
clement of a device the rate of which is being
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is fast or slow for rotating said drum &t a con-
stant speed such that the scanning frequency is

- an exact multiple of the beat frequency of said

watch when the same is keeping correct time,

8. In an apparatus for timing fuses, viewing -
means including a straight narrow viewing win-
dow, a rotatable drum having one or more spiral
windows for scanning said viewing window, means
including a light source for projecting light
through said viewing window at any point where
the same is intersected by a spiral window on said
drum, means responsive to. the operation of &
fuse being timed for generating periodic voltages
having a frequency corresponding to the beat fre-
quency of the fuse, means including a frequency
divider responsive to said voltages for flashing
said light source at a frequency which is a sub-
multiple of the frequency of said voltages, & time
standard comprising & source of alternating cur-
rent of predetermined constant frequency, and
means including a motor driven from said source
of alternating current for rotating said drum at
a constant speed such that the scanning fre-
quency is an exact multiple of the flashing fre-
quency if the rate of the fuse being timed I8
correct.

9. In a stroboscopic timer, viewing means in-
cluding a straight narrow window, a drum sup-
ported for rotation adjacent said window, sald
drum having a light transmitting portion ar-
ranged to intersect said window at a point which
travels lengthwise of the window as the drum is
rotated, means including .a light source for pro-
jecting light through said window at any point
where the same is intersected by the light trans.
mitting portion of said drum, means controlled
by a device being timed for flashing said light
source at a frequency bearing a predetermined
relation to the rate of the said device, and means
for rotating said drum at s predetermined con-
stant speed such that if the rate of said device
is not correct the light spot produced by succes-
sive light flashes will travel in one direction
or .the other along said window depending on
whether the rate of said device is fast or slow.

10. In a stroboscopic timer for timing watches
or other timekeepers, means including a rotatable
element and a fixed element cooperating there- .
with for producing a light transmitting area
which moves repeatedly along a straight line dur-
ing rotation of the rotatable element, said fixed
element having a straight narrow window and

'said rotatable element having an intersecting

window adjacent portiong of which successively
cooperate with said first window in defining said
area, means responsive to the beats of a time-
keeper being timed for projecting flashes of light
through said area to produce a visible light spot,
means for rotating said rotatable element at &
predetermined constant speed such that the said
light spot appears to move in one direction or
the other along said line depending on whether
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the timekeeper being timed is fast or siow, and

indicating means with which the moving light-

spot cooperates during a definite time interval to
show the amount of the error in the rate of the
timekeeper being timed in seconds per day.

11. Tn @ stroboscopic timer, means controlled
by a device being timed for producing momentary
flashes of light, a fixed element having a long nar-
row window therein, a rotatable element having a
long narrow window therein, said windows being
so disposed relative to each other that in re-
sponse to rotation of said element continuously

[

changing portions of the said second window co- -

operate with the said first window to form a light
transmitting area which moves repeatedly along
said first window, said area constituting means
whereby said flashes may be observed as a spot
of light, and means independent of said light
flashes for rotating said rotatable element at a

predetermined constant speed suth that the spot.

will stand still if the rate of the device is cor-
rect and will move in one direction or the other

5 .
along the said first window if the device is fast
or slow. ' . :

192. In a stroboscopic timer, means controlled by
a device being timed for producing momentary
flashes of light, a fixed element having a long
narrow window therein; an element rotatable past
said window and so related therefo that when
any point thereon passes said window it moves
in a direction perpendicular to the major axis of
the window, said rotatable element Having a win-
dow therein which forms a movable intersection
with the first window to provide a light transmit-
ting area through which said light flashes may be
observed as a spot of light, and means cgmpris-
ing a source of alternating current of constant
frequency and a synchronous motor for rotating
said rotatable element at a predetermined con-
stant speed such that the spot will stand still if
the rate of said device is correct and will move in
one direction or the other along the said first
window if the device is fast or slow. -
THOMAS B. GIBBS.




