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Fig. 1. Energy diagram for Zeeman sublevels of Cs atom
at the ground state (upper diagram), and hyperfine
spectra of calculated resonance frequency of Cs atom
in the usval geomagnetic field of 0.465" (lower diagram).
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Fig. 2. Schematic diagram of the Cs optical pumping magnetometer of the
self oscillator type.
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Fig. 3. Variation of the difference in geomagnetic total force between simultaneous
values measured by two different proton magnetometers equiped with the
distance of a few handrend meters in the Kakioka Magnetic Observatory.
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Fig. 4. Distributions of occurrence percentage in the deviation of difference be-
tween simultaneous values of total force measured by two magnetometers for
the two cases of the pairs; (Pr.M.—Cs.M.) and (Rb.M.—Cs.M.). Pr.M., Rb.M.
and Cs.M. indicate the proton, Rb-optical pumping and Cs-optical pumping
magnetometers, respectively.
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Fig. 5. Stability of resonance frequency in the Cs-magnetometer and variation
of open air temperature on Oct. 17 and 18, 1970. Scattered dots indicate
differences between simultaneous values of total force measured by the
Cs-magnetometer and the proton magnetometer, MO-PE, at every ten
minutes.. Dots connected by straight line show their hourly mean values.
Crosses indicate hourly open air temperatures.
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Fig. 6. Stability of resonance frequency in the Cs-magnetometer, variation
of open air temperature and variaticn of the total force on Aug. 3,
1970. Scattered dots indicate differences between simultaneous values
of total force measured by the Cs-magnetometer and the proton mag-
netometer, MO-PE, at every ten minutes. The upper curve of full line
shows the variation of total force measured by MO-PE. Crosses in-
dicate hourly open air temperatures.
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Fig. 7. Stability of resonance frequency in the Cs-magnetometer, variation
of open air temperature and variation of total force on July 23, 1970.
The detail of description is the same as Fig. 6,
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Fig. 8. Stability of resonance frequency in the Cs-magnetometer, variation of
open air and variation of amplitude of RF modulation signal on Nov. 18
and 19, 1970. Scattered dots indicate differences between simultaneous
values of total force measured by the Cs-magnetometer and the proton
magnetometer, MO-PE, at every ten minutes. Dots connected by straight
line in the lower part show the amplitude of RF modulation signal. Crosses
indicate hourly open air temperatures.
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Fig. 9. Stability of resonance frequency in the Cs-magnetometer,
variation of open air temperature and variation of amplitude
of RF moduration signal on Nov. 2 and 3, 1970. Dots con-
nected by straight line in the upper part of the figure indicate
hourly means of the difference between simultaneous values
of total force measured by the Cs-magnetometer and the pro-
ton magnetometer, MO-PE, at every minutes. Crosses show
hourly open air temperature. Dots connected by straight line
in the lower part of the figure indicate the amplitude of RF
modulation signal.

DEEHMYTLTWS, BERKIC LT —227/13°C=—177/°C LIRECKE/HHEMEL s
2 T3, COBAREANROERANBEY 7 FRHESTS Y 7 FRZEEIhTLRL
2, 20y BERX b CLEEEESNS,

Bl E Fig.5 % Fig.9 4ED C—RAHOMEREERBERLR LIS, —if%
B & & < ARUR L WEBI OB A DIz, FOBBOBEAE Table 1 12 L TRLAX
SIefia$CthY, TO LEBRTFRABANICE BHFEHCIT MDDt o, 2, 3T
PEHEL LROFIE LD, 5V 72541 2 —0BEBETtbbR vV EY 7V HOBE
EAWCEERS D C L, ARELBESEERLD, chitevy—HS0oRESLCE
ATsdboCikicd (—RNFERTS%), RMEHMBRCEL LTERTSIOTHS
Lo by —XREHEY L, TRTOREA 43°C cBREShAERIEC K - T
WERDTHB, Prrd LA AWM (EHICIBEREL Ehicrof) ReHBELT
b, Hifi L ohMicit, FOCBRENETELRTCHD, EIVRBENMBABE
BERRE LTRE X o o 7cht, SERASER L UBiT5 2 LR TRk o he, REH
hesde vy — LA CHABRNMECRBEIN T Y, BRASBROEROKELRT, 4



65 E B % =

Table 1. Coefficients of the resonance frequency shift of the Cs
magnetometer due to the open air temperature.

No. of Test Date (1970) 4Mm 4T Temperature coefficient
No. 1 Oct. 17 28 0.5y 4.6°C ? H,/°C ? vy/°C
No. 2 Oct. 18 2 0.5 143 —02 —0.04
No. 3 Aug. 3 2 0.6 4.0 ? ?

No. 4 July 23 8 25 12.1 —0.7 —0.2
No. § Nov. 18, 19 11 30 3.8 -29 —0.8
No. 6 Nov. 2 79 220 133 —-59 —-17
No. 7 Nov. 3 75 210 14.7 ~5.1 —14
No. 8 June 9% 46 130 7.7 -6.0 =17

1) Range of frequency shift
2) Range of temperature change.
3) This data from the direct observation due to temperature of the sensor electronics.
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Fig. 10. Schematic representations on characteristics
of the calculated modulation signal (S:) around
the resonance center frequency. Wi, ¢ and H,
are the width of the angular frequency between
double peaks, the phase angle and the intensity of
RF magnetic field, respectively.
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Several Experimental Results on the Stability of Cs
Optical Pumping Magnetometer with Some Discussions

Yukizo SANO

Abstract

Tests of the stability of the Cs-optical pumping magnetom;ter as well as some
related fundamental experiments have been carried out. In this paper, their important
results are shown and discussed mainly about several operating. conditions of the
Cs-magnetometer for its stability including some comparison with the theoretical
results which have to been led by Bloom, Kubo, etc. Main results of the present
study are as follows;

1) The resonant (self oscillating) out put frequency is shifted depending closely
upon the open air temperature. This shift is generated mainly by temperature
characteristics of the sensor electronics.

2) Temperature shifts of the order of 0.3y/°C are observed as regards the
lamp house and the absorption cell. So it is necessary that the sensor should be
kept its seting temperature within the range of =*=0.1°C. .

3) The transverse relaxation time is estimated as about 2.8 ms. This value is
rather smaller for the stability of the Cs-magnetometer.

4) Almost all of these experimental results can be nearly explained by the
theoretical results. ‘

5) It is fined out that there are a few defects of the sensor electronics and
they are main origins of the above temperature dependence of the out put frequency -
of the Cs-magnetometer.



