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On Chronometric Etalons and Self-recording Electric Chronometer.

Kikuo TAKAHASHI

(Received May 19, 1954)

ABSTRACT : Meeting the frequent requirement of the necessity for realization of
the modern technique of an automatic recording device for the purpose of measuring
short time intervals, without the aid of a troublesome and costly oscillograph, a
simple electric chronometer has been constructed making use of an aperiodic pheno-

menon.
The principle and the outline of this meter can easily be seen from Fig. 2, where
R,, Ry, +-ovet and C constitute a series of ‘‘chronometric etalons,”—the concept of

this word is defined by the formula (8)—in which RC=3.476x10" sec and # are
simple whole numbers as 1, 0, —1, —2 and so on. J the output current passing
through the bridge AB, is a simple function of the observed time interval.

The calibration formula for # is now expressed as

it InQ-mJ/A)
Y In(l-m)
where
1, =107 sec,

and A is a calibration constant of the meter, and the parameter 72 denotes the con-
stant ratio of two fixed potentials E; and E,. (cf. Tab. 2, calibration table).
The newly constructed chronometer has the following merits :
1) Superiority of the technique of observation in speed and in low cost to any other
recording chronometers.
2) No photographic film, no development and no counting.
3) Excellent behavior in good memory of recording without delay of observation.
The reading of J is kept unchanged until we discharge the etalon condenser.
4) No need of skill,—independent of personal equation.
5) No influence upon the observation owing to the unexpected variation of potential
E,.
The accuracy of observation inherent to this chronometer is estimated to be +19%
or so. (cf. Tah. 3).
Three examples of application of this instrument will be given. They are:
1) Demonstration experiments of the synchronism of an ¢ electronic synchronous
timer ” (Fig. 6) (Step characters: cf. Fig. 10 and 11.).
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2) Observation of time of breaking off of fuse wires when overloaded. (cf. Fig. 12).
3) Rapid and automatic indication of high electric resistances up to 1010,  (cf.

Fig. 14 and Tab. b).

It is also applicable to the measurement of time of completion of any transient
phenomena, for instance contact time of collision of metallic bodies and lapse of
time between two consecutive signals as in the case of impulse of super sonic and its
echo. (Conversion of signals can be carried out by means of a modification of a

multivibrator, cf. Fig. 13).
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Fig. 1 Relation existing between # and p

Fig. 2 Connection diagram of electric chronometer
T: Timer or signal converter
J: Output micro-ammeter calibrated in se-
conds
Constants of etalons §=3.476 x 10 sec.
Ratio of standard resistances Ws: W;=3:1
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Table 1 Characteristic of the Electric
Chronometer. (m=0.25)

HEN R
sec % vAl T sec Y% uA
0.05 | 1.43| 4.29| 0.8 | 20.55 61.65
01 | 2.8 852| 0.9 | 22:83 | 6849
0.2 | 5.60 16,80 1.0 | 25.00 | 75.00
03 | 827 2481 | 11 | 2713 8l42
0.4 | 1087 3.61| 12 | 20.20 87.60
0.5 | 13.40 | 40.20 | 1.3 | 31.20 | 93.60
0.6 | 15.85 | 47.65| 1.4 | 33.22 99.66
0.7 | 18:24| 5472 | 15 | 35.02 | 105.60

Note: Cf. the curve OcC of Fig. 1.

(@ m=.25 0" Const of
‘ x10'_séc Etalon
{2 3 ¥ 56780 o000
o' 120 "d0,) do' 50 6p 2086
V=E

(0) m=1 x 10" sec
il T 0333.10"
2

Fig. 3 Chronometer Scales
(a) when E; is used
(b) when E; is not used
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Table 2 Calibration Table of # and J
parameter s=0.25, and Constant of Calibration A=75 pA
¢t (sec)
TuA +0 r1 +2 +3 +4 ‘ +5 +6 +7 | +8 +9
= | i _ e L e LS -
0 0.0000 | 0.0117 | 0.0234 | 0.0351 | 0.0468 ‘ 0.0583 | 0.0702 | 0.0821 | 0.0940 | 0.1059
10 0.1178 | 0.1300 | 0.1420 | 0.1517 | 0.1663 | 0.1768 | 0.1899 @ 0.2024 | 0.2149 | 0.2274
20 0.2399 | 0.2524 | 0.2649 | 0.2774 | 0.2899 | 0.3024 | 0.3152 | 0.3280 | 0.3409 | 0.3537
30 0.3665 | 0.3795 | 0.3925 | 0.4055 | 0.4185 | 0.4315| 0.4398 | 0.4482 | -0.4565 | 0.4649
40 0.4732 | 0.5109 | 0.5245 | 0.5380  0.5517 | 0.5654 | 0.5792 | 0.5929 | 0.6067 | 0.6204
50 0.6342 | 0.6466 = 0.6589 | 0.6713 | 0.6836 | 0.6960 | 0.7120 | 0.7281 | 0.7441 | 0.7602
60 0.7762 | 0.7908 | 0.8053 | 0.8199 | 0.8344 | 0.8490 | 0.8638  0.8780 | 0.8935 | 0.9084
70 | 0.9232 | 0.9386  0.9539 | 0.9693 | 0.9846 1.0000 | 1.016 1.031 1.047 1.062
80 1.078 1.094 1.110 1.126 | 1.142 1.158 | 1.174 1.191 1.207 1.224
90 1.240 1.257 1.273 1.290 1.306 1.323 1.340 1.357 | 1.374 1.390
100 1.407 1.424 1.440 1.457 1.473 1.490 1.507 1.524 1.540 1.557
|

Note: For tap 1 the observed time is given from the figure directly in sec.

For tap 2 multiply the value by 0.1
For tap 3
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Fig. 4 Characteristics of the valve-voltmeter,
electr. current on the resistor »;
output current of the bridge AB.
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Fig. 5 Nomogram of the electric chronometer.

Table 3 Calibration of the Chronometric Etalons in absolute Unit, with respect to the Time
Signal of Tokyo Astronomical Observatory, University of Tokyo (JJY STD FREQ
TIME SIGS, 8 Mc.)

N Oscillogr. Observ. with electric Chro. G CiEdR
o. time —————————— -
sec J (A { (sec) (%)
i . 2
1 0.201 17.0 | 0.202 +0.5
2 0.405 33.0 0.406 +0.3
Tap 1 3 0.808 62.0 0.805 —-0.3
4 1.026 66.7 1.026 0.0
5 1.460 104.4 1.480 +1.3
1 0.021%* 17.6 ' 0.0210 0.0
2 0.040%* 33.0 0.0406 (+1.5)
Tap 2 3 0.080 61.0 0.0791 —-0.1
4 0.101 75.6 0.101 0.0
5 0.148 103.0 0.146 ‘ ~1.4

Note: This is the final results of the comparison of Constants of Etalons to the STD Time Signal,
we can conclude from these deta that the accuracy of the chronometer depends now only
upon that of the micro-ammeter used.
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Fig. 6 Electronic Synchronous Timer
(A. C. Type)

Fig. 7 Electric Chronometer and Syanchronous Timer constituted in a common czbinet.
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Table 4 Synchronism of the Electronic Synchronous Timer.

. i i |
without relay condenser Cr |

with relay condenser Cr

No. ofuwaves Observ. time 1-0.027n
——— Bl sec _sec
1 0.0308 0.0108
2 0.0483 | 0.0088
3 0.0732 | 0.0132
A 0.0908 0.0108
mean +0. 0109
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Fig. 9 Anode and Grid characters of the Timer.
Based, at A (¢=0.5sec., ZC=340ka x4uF.)
B (¢=1.0sec., ZC=650ka x4uF.)
C (¢=1.5sec., ZC=960 ka x4uF.)
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Fig. 12 Observations of cutoff time of fuse wires
with the electric chronometer.
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Fig. 13 An example of signal converter.
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Table 5 Calibration Table of Resistance and Current J

W (Ma)
J@wd)y | 40 £l +2 #3 | +4 | +5 W8 | 7 i +8 | +9
——— 'I _— — | —

0 148.50 74.27 ‘ 49.52 37.14 ‘ 29.81 24.76 21.17 18.49 | 16.41
10 14.75 13.37 12.24 11.06 10.45 9.83 ‘ 9.15 8.59 8.09 | 7.64
20 7.25 6.89 6.56 6.27 6.05 5.75 | 5.51 5.30 5.10 4.91
30 4.74 4.58 4.43 | 4.29 4.15 4.03 3.95 3.88 3.81 | 3.74
40 3.67 3.40 ° 3.31 3.23 3.15 3.07 3.00 2.93 2.87 | 2.80

[ ! | ‘

50 2.74 2.69 | 2.64 2.59 2.54 2.50 2.44 2.39 2.34 | 2.29
60 2.24 | 2.20 ‘ 2.16 2.12 2.08 2.05 2.01 | 1.98 1.95 | 1.91
70 1.88 | 1.85 1.82 1.79 1.77 1.74 1.71 1.69 1.66 | 1.64
80 161 | 1.59 | 1.57 1.54 1.52 1.50 1.48 1.46 1.44 | 1.42
90 1.40 1.38 1.37 1.35 1.33 1.31 1.30 1.28 1.27 | 1.25
100 1.24 1.22 1.21 1.19 1.18 1.17 ‘ 1.15 1.14 1.13 1.12

Note: 1) Above values of w hold good for T'=1sec. and R=1.378 Mo.
‘'2) 1If the output of J gives small values less than 10 wA (or 0.12 sec.), it becomes
effective to take a longer time 7'=10sec., then the reading of W has to be
multiplied by 10.
3) Still more accurate observations are expected for higher resistances up to
101%q introducing a galvanometer G with a pA meter J as in the Fig. 14 (c).
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