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The present 1nvent1c~n relates to testmg app&-
ratus and more particularly to a watch rate syn-
.chrcmzmg syetem and its associated components.
~ Some of the objects of the present invention
are: to provide a novel watch rate synchrcmzmg

system; to provide a system for comparing the

frequency of wateh ticks with a standard of fre-
quency whereby a watch can be adjusted to
.synchrcmze with the selected standard; to pro-
wde as a component of a watch rate synchrcmz-
ing system a novel peakmg circuit: to provide a
| synchromzmg system including a plurality of
“frequency standards ¢apable of béing selectively
controlled: to provide g system for synchronizing
4 permdlcelly opérating device prcducmg sound
‘waves which aré transformed into an electncal
suceession of piuilses to bé utilized in comiparison
with a standard of frequency: to provide 4 novel
sélf-excited pulse generator: to p‘rcmde a novel
peakmg ahd blcckmg citeuit arranged to funétion
as a single §weep circuit for 4 éathode ray oscillo-
scope; and to provide other nnprcvements as
will héreinafter appear.

In the accompanymg dr awmgs Fig. 1 repre-
sents a watch rateé indicator network embodying
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one form of thé présent invention: Fig, 9 repre- -

sents a pulse form deérived from an . amplified
watch tick signal; Flg 3 réprésents a wave de-
TivVed from & h1gh frequency a,lterna,tmg vcltage
source serving as a standard of comparison; Fig.
‘4 représents tWwo separate contindous A. C. voit-
ages of the same frequency but 90° otit of phase
Wwith éach othér: Fig. 5 represents a wave derived
from a low frequency aglterfiating voltage; Fig. 6
represents two separate eéontiniusus A. C. voltages
of the sams freguency but 90° out of phase with
each other; Fig. 7 represents the pattéern Pro-

‘duced on a cathode ray tube By the netwoik of

Fig. 1 with its applied sigial; Fig. 8 represents a
novel form of peaking circuit forming a pait
of the present invention: Fig. 9 represents a wave
form of an incoming signal as delivered t¢ the
peaking cireuit of Fig. 8; Fig. 10 represents the
peaked outnut voltage from the circiit of Fig. 8:
and Fig. 11 represents the output voltage wave
-as derwed frem the circuit of Fig. -8 functioning
as a self-—exclted pulse generator,
R-eferrlng to the drawings and more pa,rtrcu—
dJarly te Fig. 1, the network shown is arranged for
'_ﬁ;;'_.:testmg the rate of a wateh or ether periodically
--operating déviee and comprises generally a sound
_plck-llp device such as an electro-acoustic trans-
ducer 10 for receiving the ticks of 4 wateh I
and translatmg such tlcks inte electncal sighals

:_'sultebly amplified by an amphﬁer 12, as -shown,

30

35

| 2
in Fig. 9. The amplified signal is delivered to 3
peaking circuit 13 having its output voltage in the
form of 'a single positive pulse ihvressed on the
grid (Z axis) of a cathode iay tube (4. The X
aXis and the Y axis of the deflecting plates of the
tube {4 are energized by selectitig 4 10w frequendéy
alternating voltage source (5 or g high frequency
alternating voltage sourée (6, the former having
1ts putput split into two separate continuous volt-
ages 90° out of phase by a resistance-capacity
phase splitter network {1, and the latter having
its phase output split 1nte two separate continu-
ous voltages 90° out of phase by a remstence-

capacity phase splitter network 18, so that, in use

of either source, the pattern produced by the
tube 14 is a circular path, as shown in Pig. 7.
The selection of the two sources of voltage is in

accordance with the positions of two- manually
shiftable interconnected switches 20 and 21,

arranged to contact the respective shift phase
terminals 22 and 23, and 24 and 25.

Generally considered therefore, the invention
changes the tick of a watch 1nto an electrical
Wave which is sharpened into a single positive
pulse of very short duration, for example 0.00001
second and impressed on the grid (Z aXxis) of the
cathode fay tube 4. The result is a bright spot
as indicated on the ¢ircle of Fig. 7, the spot ocey-
pying an arc on the circle of only 0. 01 of the
whole cirecle since it takes 0.001 second for the

complete ciréle to be described by the revolvmg
beam, and the duration of the intense beam is

0.00001 sécond, while the standard alternating

-‘v’oltage gource is 1000 cycles per second.

Most watches tick every fifth of a second when.
accurately set so that if the watch is adjusted
corréctly the second tlck will occur when the

- beam has just cempleted its 200th revolution and
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the same position as the

the second bright spot will appear in precisely
rst. Hence, if the

WatceHh i§ accurately adjusted the spot will appéar
16 remain in the same place on the circle. If

the rate is slow the spot will drift around the

¢iréle in the same direction as that in which the
beam is being described.

In order to sharpen the electric wave resulting
frcm the watch tick so that only g spot is visible
oh the circle, and also to block out all other noise,
slich ag that.in the “tdil” of the tick noise, so that

only one pulse is received by the screen of the
cathode ray tube for each tick, the peaking cir-
cull 13 is provided as one means of producing a.

pulse which is positive and of such relatively

large magnitude as to intensify the beam and
produce a bright spot on the screen. 'This peak-
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ing circuit 13 includes a gas tube 28, such as the
“884 thyratron” which is blased beyond cut off
by the voltage across the negative or C source
battery 27. When a positive voltage from the
watch tick strikes the control grid 28 the tube
fires. 'The cathode resistor 30 is large enough to

3

prevent the tube from firing, but resistor 3 is

small enough to allow the tube to fire. Capac-
itor 32 begins to charge through resistor 31 the
instant the tube fires and the plate current

10

through the tube decays as the capacitor charges |

until the point is reached where the gas in the
The discharge of this capacitor
Since

tube deionizes.

then takes place through resistor 30.
resistor 380 is a larger resistor than resistor 3i,

the rate of discharge of the capamtor is less tha.n |

the rate of charge.,

As long as the capacitor 32 is discha,rging_

through resistance 30 the plate voltage across

tube 28 is reduced and the grid bias is increased :

by the voltage across resistor 30. Both .effects
block the tube from firing on signals of the same
magnitude as those which previously fired the
tube. The circuit thus acts to sharpen a pulise,

block subsequent disturbances for a period and :

then reset itself for another pulse,

The result of this action is an output vocltage
across resistor 31 which is peaked as shown in
Fig. 10. The pulse is almost vertical on the initial

face for the instant the tube fires point 32 is ¢

brought up from ground potential to the potential
of the B4+ on the supply 34 less the tube drop,
which is small. For example, if the gas tube is an
“884” with a tube drop of about 20 volts and the

B4 supply voltage 34 is 4105 Volts the 1n1t1a,1
potential at 33 is +85 volts.

The potential of point 33 decays as the capac-

itor is charged. This is shown by the slant side
of the pulse. The rate of decay of this potential
'is determined largely by the time constant of
capacitor 32 and resistor 3{. The time interval
during which incoming signals are blocked from
triecgering the gas tube is determined largely by
the time. constant of capacitor 32 and resistor 34.
By proper selection of these three elements the
pulse duration and the time interval for blocking
out succeeding signals can be varied widely.

~ In the watch rate indicator a reasonable period
of the pulse duration might be 0.00001 second and
the time interval for blocking signals might be
0.1 second. This could be approximately obtained
by using a capacity 32 of 0.01 microfarad and a
resistance 31 of 1000 ohms in the charging circuit
and 3 resistance 30 of 10 megohms in the dis-
charging circuit.

By reference to Fig. 1 of the drawings the afore-
said peaking circuit 13 is shown in the complete
network to produce watch tick indication as com-
pared to a known standard. Thus, the sound
energy of the tick of the watch I{ is changed into

'pared with the value of the resistor 321.

4

the onset of the next tick, Hence, the resistor
30 must have a large value of resmtance cgpnﬁ-

e
action of the peaking circuit thus produces the
large sharp p051t1ve pulse of Figs. 2 and 10, which
is sent to the Z axis of the cathode ray tube LR
namely by way of a capacitor 3% and intensity
erid 36, and serves to intensify the beam mo-

-'mentarlly and put a bright pip 37 on the screen

of the cathode ray tube I4.

For the purpose of checking the frequency of
the wateh ticks, it is preferred to employ two fre-
quency standards, such as shown at 19 ana 17
of which the low frequency standard {9 is for &

“rough set on the watch, while the high frequency
standard is for precision setting cr synchroniz-

" ing of the watch rate.
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an electrical wave by the transducer 0, trav-

erses the amplifying circuit (2 to be impressed
upon the grid 28 of the gas tube 26. No cathode
current is flowing in the tube 26 before the wave
-of Fig. 9 reaches it, but at the onset of the rosi-
tive portion of the electrical wave the tube 26
triggers or fires through the peaking circuit (3,
including the capacitor 32 and resistor 3f. The
values of the capacitor 32 and the resistor 31 are
preferably such that the duration of the pulse is
very short. The function of the resistor 32 is 10
discharege the capacitor 32 slowly, extinguish the
current in the tube 26 after the pulse, and to block

85
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The steady state alternating voltage of the low
frequency standard sougce 18 (see Fig. 5) is split

into two steady state alternating voltages S0° out
of phase with each other by the resistance-capac-
ity phase splitting network 17 (see Fig. 6).

This
set of alternating voltages is used when switches
20 and 21 are in positions 22 and 23 respectively,
for the rough setting. These switches are me-
chanically connected to operate together. |
Similarly, the steady state alternating voltage
from the high frequency standard source I3 (see
Fig. 3) is split into two steady state alternating
voltages 90° out of phase with each other (see
Fig. 4). This set of alternating voltages is used
when switches 20 and 21 are in positions 24 a,nd
25 respectively for the precision adjustment.
One set of alternating voltages (depending
upon whether it is the rough adjustment or the
precision adjustment) is.sent onto the deflecting
electrodes of the cathode ray tube 14. The aiter-

nating voltage impressed across the pair of de-

flecting plates 37 (say the horizontal or X-axis)
is of the same frequency but 90° outof -phase

with the alternating voltage impressed across the

other pair of deflecting electrodes 38 (say the
vertical or Y-axis). The result is that the beam
of the cathode ray tube {4 describes a circle on
its sereen with a frequency exactly equal to that
of the standard frequency source being used.

The intensity of the beam, however, is adjusted
by potenfiometer 40 so that the circle is either
just visible or not quite visible, Only the pips
from the peaking circuit will show up brightly
on the screen.

If the frequency of the watch tick is adjusted
to an integral submultiple of the standard fre-
quency, the spot will always appear at the same
point on the circle. If the frequency of the watch
tick is slightly off from the integral ‘submultiple

of the standard frequency it will appear to drift
~around the circle.

ﬁ(}

The greater this rate differs
from an integral submultiple the faster it will
drift (the larger jumps it takes around the
circle).

It would be desirable to pole the split phase
voltages so that the beam revolves counter-clock-
wise on the screen. If the watch rate is slightly
slow, the spot drifts counter-clockwise. If the
watch rate is sllghtly fast, the spot dr1fts clock-
wise.

While the Watch rate can be eﬂ”ectlvely checked
by a single frequency standard, it is preferable to
use two, for the following reasons. If the fre-
quency of the watch tick is greatly off from the
correct integral submultiple of the standard fre-

‘quency, the spot may appear at widely separated

any subsequent interfering noise until time for 78 points on the circle as it makes iis sequence -of
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appesrances (about five per second), or it may
even appear in the wrong cycle of the revolutions

‘of the heam. Thus, tliere might be this 2360°

ambiguity due to the wrong submultlple setting
of the watch tick rate. |
- For example, if the precision standard fre-
quency were 10600 cycles per second and the watch
tick frequency five cycles per second, the beam
would revolve 200 times around the circle be-
tween pips. There might be the possibility of
setting the watch rate at some other submultiple
of the standard frequency, e. g. it might be set
fast by 1 part in 200, i. e. 0.5% fast, so that the
beam only made 199 revolutions between pips.

Yet the appearance on the screen would be the

same as 1i the watch were set correcily. Hence,
it is desirable to have some lower fr equency
standard to adjust the rate of the watch to better

than 1 part in200-in our Hlustration. This lower
~frequency standard might well be the 60 cycle

-~ A. C. power supply which might normallv be used
to power the system anyway. The 60 cycle A. C.

power supply from the utility companies is usually

more accurate than the requirement in this in-
'stance

If 6O cycles is used as the low fr equency stand-
ard there will be only 12 revolutmns of the beam
between pips. ‘There should be no difficulty in
setting the watch tieck rate correet to this sub-

-multiple, % of the standard frequency. For a

watch to be off 1 part in 12 would mean that it
was off two hours per day. Such 2 dlscrepancy
could be observed in less than one minute by com-
paring with an accurate watch. Hence, any 360°

ambiguity in the spot appearance could be elimi- ©

nated by comparing this watch with a reasonably
accurate one for a period of about a minute.
With the 60 cycle standard the synchronizing
of the watch should be better than 0.1%. A dis-
crepancy of 0.1% would mean an error in time
between ticks of 0.0002 seconds. Since the period
of the low frequency standard is 14y second the
displacement of the second pip from the first pip
would be 0.012 of the distance around the circle,

or the spot would drift (i, e. progress in five -
jumps) 0.06 of the way around the circle per

second. ' This drift rate would be readily discern-
able for it is about four times the rate of rotation

of the second hand on a watch and that rate of
motion is readily discernable. In fact, this rough -

= |
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form of the ticks and other noises.
-ray tube could be employed with only a few

4,483

changingz-the orientation and -abse.rviri_g | Wheth_ér
Or 1ot the spot began to drift and if so in what

direction and what its rate of drif is.
It might be desirable to view the actual wave
The cathode

modifications to show this wave form.

- In watches or other time pieces having a tick
rate different from the standard of five per sec-
ond, the system can be adjusted to set the watch
until the proper drift rate is obtained. The drift

- rate could be tabulated for any frequencies in

2

terms of the time taken for the spot to drift
through a given arc on the circle. This arc could
be marked on the sereen of the cathode ray tube

and an ordinary tlmemece used to get the time
-.Gf drift.

In connection with the novel peaking circuit 13,
i-t should be noted that this may function as a
self-excited pulse generator by using a potential

at point 38 which is less negative than the cut-

off bias, in which case the circuit willi generate

its own pulses, as in the peaking-blocking use
the duration of the pulse depends upon the capac-

itor 32 and the resistor 31, while the repetition
time, i. e,, from the beginning of one pulse to the
beginning of the next, depends upon the capacitor
32 .and the resistor 38. Pig. 11 shows the output

voltage of such a pulse generator.

" In order to modiilate the frequency of the cir-

cuit {3 when used as a pulse generator, the repeti-

tion time may be changed by impressing g differ-

ent potential on the grid 39. 'This is due to the

fact that the period between pulses depends upon
the time required for the cathode 41 to drop to

- a difference between points 41 and 39 equal to

adjustment could be made still more accurately

if the low frequency standard were more accu- -

rate than 0.1%. Hence the rough adjustment
should set the wafch rate well within the range

to be handled by the precision high frequency *—

standard.

In the case of a 1000 cycle per second frequency

for the precision standard, if the watch tick rate
were oif by 1 part in 100,000 (or 0.0019%) it wouild
show up on the screen with a drift rate of once
around the circle in 100 seconds. This drift rate

which indicates an error in setting of the watch

would be noticed very auickly. In this instance
it means that an error in.the watch rate of less
than 1 second per day is readily detected.
While in the foregoing the frequency of watch
ticks is to be standardized, it will be apparent
- that other troubles in a watch can be analyzed
- such, for example, as using the scatter or separa-
tion of alternate spots when the net drift is re-
moved as a means for diagnosing the unbalance
- in the escapement mechanism. The chanee in
the rate of the watch with different orientations
could be observed by setting the rate correct with
one orientation of the watch in space, then

- more positive potential,

the striking potential. If point 39 is raised to a
the repetition time is
shortened. Similarly, if the potential of point
39 is lowered or made more negative, the repeti-
tion time is lengthened. Hence, the frequency
of the pulses can be modulated by merely apply-
ing g varying voltage across the grid resistor 42.

Furthermore, the peaking and blockine cireuit

13 may be used as a single sweep circuit for a

cathode ray oscilloscove. If transient phenom-
ena are to he observed it is desirable to have the
sweep initiated at the outset of the transient
phenomena and have only a single sweepn which
lasts for the duration of the transient. This
peaking circuit will accomplish this if-the bias

- is set very near the cut-off point and the time

- L
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constant which determines the slant side of the
pulse is adjusted correctly. In order to have the
single sweep begin at the left edge of the screen,
the spot should be positioned off to the right
such a distance that the spot will take on its
starting position on the left at the instant it
is triggered into action.

Having thus described my invention, I claim:

3. In 'a system for synchronizing periodic
sound waves with a selected frequency as a
standard of comparison, the combination of a
cathode ray tube, means comprising a selected
frequency source applied to the X and Y axes
of salid tube for producing a predefermined pat-
tern on the screen of said tube, means for trans-
forming successive sound signals from a device

‘under test into = corresponding succession of

positive voltage pulses, and means comprising a
peaking circuit including a single gas tube hav-
ing a plate directly connected to a direct cur-
rent source to impress said impulses upon the %
axis of said cathode ray tube to produce varia-
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tiohis in intensity of the cathode ray ‘beam,

whereby the apparent relative motion or absence

of apparent relative motion of the point of
changed intensity on said pattern indicates the
relation of the frequency of the pulses to the
selected frequency.

2. In a system for synchronizing periodic
sound waves with a selected frequency as &
standard of comparison, the combination of a
cathode ray tube, means comprising a selected
frequency source and a Phase splitting circuit
applied to the X and Y axes of said tube for
producing a predetermined pattern on the screen
of said tube, means for transforming successive
sound signals from a device under test into a
corresponding succession of positive voltage
nulses, and means comprising a peaking circuit
including s single gas tube having a plate di-
rectly connected to a direct current source fto

impress said impulses upon the Z aXxis of said :

cathode ray tube to produce variations in in-

tensity of the cathode ray beam, whereby the

apparent relative motion or absence of apparent
relative inotion of the point of changed intensity
on said pattern indicates the relation of the fre-
quency of the pulses to the selected frequency.

- 3. In a system for synchronizing periodic
sound waves with a selected frequency as a
standard of comparison, the combination of a
cathode ray tube, means comprising a selected
frequency source applied to the X and Y axes
of said tube for producing a predetermined pat-
tern on the screen of said tube, means for trans-
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forming successive sound signals from a device
under test into a corresponding succession of
positive voltage pulses, means comprising a peak-
ing circuit to impress said impulses upon the Z
axis of said tube to produce variations in in-
tensity of the cathode ray beam, said peaking
circuit including a resistor and two capacitors
arranged to provide a resistive path to ground
and preventing extraneous noises from obscur-
ing the synchronism bhetween said device ire-
quency and the frequency standard, whereby the
apparent relative motion or absence of appar-
ent relative motion of the point of changed in-
tensity on said pattern indicates the relation of
the frequency of the pulses to the selected
frequency.
THOMAS G. BARNES.
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