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Fig. 1. Stability of KasmMMER’s F, H, Z and Hy optical pump-
ing magnetometers and comparison of KASMMER’s calibra-
tion system and MO-P vector proton magnetometer during
the period of Sept. 1973-June 1974. Arrows in the figure
mean some adjustments of optical pumping magnetometers
like exchange of lamp.
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Fig. 2. Stability of KasMMER’s F, H, Z and Hy optical pump-
ing magnetometers and comparison of KASMMER’s calibra-
tion system and MO-P vector proton magnetometer during
the period of July 1974-Apr. 1975. Arrows in the figure
mean some adjustments of optical pumping magnetomelers
like exchange of lamp.
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Fig. 3. Stability of D and I components synthesized from optical
pumping magnetometers and comparison of DI-72 and A-56
magnetic theodolites during the period of Sept. 1973-June 1974.
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Fig. 4. Stability of D and I components synthesized from optical
pumping magnetometers and comparison of DI-72 and A-56
magnetic theodolites during the period of July 1973-Apr. 1975.
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Fig. 5. Correlation between J4I(A-56)=I(A-56)—-1(DI-72) and
4I{MO-P) =tan"'[Zp/Hp](MO-P) —1(DI-72).
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Fig. 6. Mean diurnal variations of CF which is the difference of
total force F between optical pumping magnetometer and
MO-PK proton magnetometer (left) and A-Value which is
[F— vHZ+7Z?] of optical pumping magnetometers (right).
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v, BEREIBHREINIBETH S,

EDEHY) THRED FA)-BEIFHIMEL 12513 X O BELHBRARLE 3L 4 75 <
DI eI EN D, AL LT 017~027y BEOBECNAARAREX &
AT ELTH, THXFA)-ENHOALE SO RS SEOER eDh R L
Xbhnbigvs,

b) H BIU Z-¥H v v 7P OmENEEE

H 3L Z-Op-B i e ia R EM AT 2R3 7 — 237\, BB LALS
12 A-Value OFEN S HABEOHTEI L VHBHT 5, Fig 6. O CF 22L&
FEIN D A-Value DR BB ZR L (REVCEL), T bHi4&IHE 10 B~ 20
HOWHERT, MEIVCERAL (BERTHEALLO) (LEWEO F 0¥ ELExRT, Apr.
1974LL§ij> A-Value OEHDOHiiiyR CF OFMHRA ¥BAFCEA TV 5, £ THMR
TREAIPNESISBHILZ D CF TEH ¥ HIIE Lic VHE+Z OFBERLIcD D Th .
Apr. 1974 PIfED b D22\ Tik CF 2URIF—EETH % D T, A-Value D ik 133
VIE+ZE: OFER e Aick D (B L A-Value D¢ vHFZ2 OFEBTHi+ v R),

Sept. 1973 3L 7' Oct. 1973 @ A-Value O B LI IEEB R A 2R LT3,
LA L A-Value & 4F &0 BE{LEE 0B, CF & 4F LOMRRL i Lk
B <7V, (BRI bR AH D, —F, CF RHIE L vH +Z2 50 B R LR,
CF DOBE LAk F o BE L BV aBIg s & it Rbhn s, 2k H, Z-gIEF
Tb F(A)-BJ)it & Bk Band-pass filter DR (BB 2ZFFTHAlcHTH D,

H, Z-Bh3 (Hy-BEHEFD) 1©2ouwT% Apr. 1974 = Band-pass filter #§x3k3 dact
B o1, SOWBED June 1974 © A-Value D BE(LITBH T/HRE <L &
ThIv, BB LIDIREND->EEILOND, &2 AH Mar.~July 1975 © A-Value
X7 4 A& —BREHTD Oct. 1973 LU & 57 BB 2R LT3, Z4ut H, Z-B
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N O BB AR RES R FRTOIDTH D, ZOREDOTREE SRS O S ORERE
MHEZTOLUREY 555D THD, Hb, FHEBBOH ™A N-S Jific 0.5"~17 BjE
DORTERTETHhE, A-Value DD (H 2o Z-BENE ORHEZE)) 3+
PTED, ZOREDOHEBBOHAELZBERED VA ELOKRLHY LiIZLIEEY
532#x2bhd, LikaisT A-Value 0FHiLE < DPE (FHBEHROREE TS
DIEWEE) RIGTESOREES (BEC 7 bl dd,) “EDE0d, #HERESBD
HATC L DBEHREWEELIOND, RS June 1974 (ZZCTRRL Thw
May 1974 H[AEE) D A-Value D L 5ZfE UALVEERET LISV LHENETH B,

IDEIRHEZTLBE—DODFEMAED, ThiX H LU Z-BNit € v+ —B—Ho
kAL, N-8 FEc—Hiclift 32 & 5 eBlgsB 288wy, H, Z-R5 O EE
BLTH A-Value ITRETHDIDT, TN L 3RBARILVHEVWIZ L THD, ZDE
MRS E 2 D0, BERERNZS<OBCKBAMRER L T4 % i iz 72
2, ST T Or-BENEt H 33T Z-BAME L BALG OFMAE X L L TH 7z, (Z DM
BARBBEMHOREELRAETSENOLD T, FMSBEERCOWLCTEIOEESH
HT+2,)

June 1975 D2 ZLEE F®E) O H B LU Z-F(LiH & DRROBIET LI XL
HWRIRE Td » oo Or-BENFHEME LTI AAMKE 17~27 REDQEY (B 10 A)
7 AT 2R LTS IBE L\, Fig. 7. it H 330 Z-RH5 D Op-R it i5H:F
BEEEHO TN (—EEGMERA) LOEDOAFSME (29 BEERE), T0X LR
bhd VH+Z? OFHRERE S L CABNO A-Value DR AFHE 275 L, A-Value
D7ry MR/ AR LT, VH2+ 22 OB VAL —HIETT ey P LTHD, B
b3t 7 — 2 R E WHIREE LA SO T, OB L BLEH 7~ 2 DEDEY
D 95% EHEEENE £0.17 BE L KE VA, H-RSEZOWTH 037, Z-ROEDOWTH
027 ORFMBENBEECRON S, F-ROCER LR (4F) 38 027y o BF
fbvvogmLTwb, —75, A-Value DBV v 213008y IR/ E <, (CHEMED
AF 2 PR Atley,

b L Or-BEIGH L BALET L DEDOETIDIFRA, ORI H 3 LT, MR A-
Value OEGL IF LR LILEDET THD, 27 L IMEOEHCITIFAHEBELRR SR
BT TH5, LhL, BEREIFRDOEL Y TED LS BHIZALL G, Lizdti-To
OREREE LTEHMCH DL EZE D22\,

DEDZ e XVBELT, HBIV Z-HNiHE A D HREE L, A-Value DREE L4
K LD PHRICIAFE LM SN D, 2% VHEHRE it H 5 XU Z-RO DR ELEEh
75, A-Value OEP 2B XV EICHERF + v AT X5 HBETRD » — Ao
ZEERLTWD, WTFhIRLTH A-Value OFHM AL LRI E T LD ER-> T
B 017y BLKRERLETTEHZDT, H LU Z-Or-BENIET 0O HEEL D +FOBRE &3
flixh s,

—77, Op-BEN5T D day to day OLERIZPI L T, A-Value EDREDRR LB H
HIPLT—2 2B FITLEVERAE DV, BIRDE~NA-X 51 CHE LU CZ
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Fig. 7. Mean diurnal variation of the difference in H
and Z components between optical pumping mag-
netometers of KASMMER and bar-magnet vario-
meters (top and middle), and those of synthesized
difference in total force, 4F, and A-Value=
(F— vH2+7Z?%) of optical pumping magnetometers
(bottom).
TIEMEA, A-Value 2URIF—THEZRLTV2HE T, HEHRELEHLTBZ &8
BxRObNIZ EnDELT, A-Value NEEL TV 20bE Vv »TH, Z-RABIFT HE

ETHDELRLNLTERL,
§2. DI-2 O@RUMEICOWT

B CHMm Lo E v €V VRN OREEIRT~T DI-72 1 L U MO-PK n#l&¢IT
I AHNBNRELE/AL, TOWEELHEL LTRRLTE L, Rl TIhRIIKE
BN LTICh » o & D R RMTE 2 Th B, MO-PK OBBIFAEC OV TR JIOH &S
b DO THAIEET 52, HEHED- 5 v+ ILEHRZER LT £0.1507~+0.2007 &
EThd, fht- THH 1 B CFEEMOBRELY 7Y v /¥ =80ETH 3D T +£0.05
7 (5%EEREM) LK & HE SRR AW T DI-72 OB ISE 2 E641 L TR
#T .

1. DH-2 0EBRARBICH T 3 R_BRESH & IBRIBE

a) DI-72 O IRBOME & BHE '
DI-72 OB OV TUET TRBE? ENTWH EEY T, ROV —Fa L Aiflic
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Lo THIRRDFAZ2RET 2hbVic, EE (BREH) OF#fi{=1 1 (Helmholtz
Bias Coil) iz & - THETA2HADO D TH D, ZOHFNIME CHACHBEALDO
Tdh o,

DI-72 OBEIRBIZ Y —F 2 4 4 (Sh. Coil), #itl= 4 1 (Bias Coil), HIHOM X
(Vertical circle Dz E, W) 35 L0 —F 34 LOBEEDHME (R, L) 0% 289 ORIE
DAL LT, Table 1. iRTHY 16 DBRRREHNH 2. @H 1 RO ERMIFCR
LB C2EEE LTRSS, Chict VEATKORIB L AROAERT LY 840 D, I
BNE (4BZIOFHE) 1Hxbhd,

Table 1. 16 states for combination of axis directions and search coil rotation sense
of DI-72 magnetometer. The marked side of the search coil axis can be
pointed either towards direction of the marked side of the Helmholtz coil
axis (0°) or towards the reversed direction (180°), for each state of the
Helmholtz coil axis which is denoted dy (up) for the marked side upward
and by (down) for downward. The horizontal axis of the magnetometer,
which supports the search coil and Helmholtz coil, directs one of two
directions which are expressed by vertical circle eastward (E) and vertical
circle westward (W), respectively. At each state of the axis, the search
coil rotates in one of two ways, right-handed (R) and left-handed (L).

Sh. Coil ! 0° 180°
Bias Coil Up | Down Down U;
Vertical circle E w ] w E E w w E
Sh. C. Rotation | R | L RiL*R L R}L’R’L R|L|RIL|R|L
State No. | 1] 2 304 5| 6] 70 8] 9ft0]ij1z|13}14|15]16

HHE R L v_ADOFERY I Apr. 1975 LIk, DI-72 £BRORI#E, FhlE
i, h, #o3EERL T, FEGTRER L0V SXAFIEMELZ 1D OFH & 5 H
LT3,

Or-& 15 DEEIEL DI-72 0 16 i Y O A BRI 3 LK O RS &5 - THIET 5 Or-
BOHANE LD 1 X 1 DM X VBB EN TS, Lichis T, BWIESR L HILEZROH
EHEICEE 3 PO E b S K ERTIC L 28ENFBHCR AT 2 U4
(X, BIEARHE EOBREERX L,

b) DI-72 OBRBREDOTEE & L UFIHE

DI-72 DBAERZEGNEN RHBRELAEE T 20 TAROYWBRBEORIERED & 5 ikl
Bz atsys, BIENSR- R D 540 -RSORMECS HEL, NEHEL—E
S| EELTR3LEND D, ZORMEILSTOMIER L, DI-72 B3 KM (1R
) OWAATRRLELRELTVWBLRELT Or-BHE2FET S, £ T DI-72
FZBARE 168Y) TOBLOBABREL RO IS EET S,

D-RACHWTIEABANRIE T DI-12 O@flffiz Dy, £h L RAKEHO Or-BHEHD
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D-EABAfE % D:(Or), Di(0Op) #FMIEMIC & o TXHNIHKIE(E CD THIE LD
D% D/(0Op) &L, DI-72 DB MFRE UEMORME, BREOME) 2 (D) &TH,
ei{D) %

e(D)=[D: —D:(0p)] - [{é(ni —D«(0r))}/N(16)] =[D: —D:’(Or)]

LEFT Do Tods, ik DI-72 OBFREEER DT,
Fffic -RACOWTH D-RGOBEDKHRNES D & I TEEFH~, FRIHE
€D L FRODOBWRE (D) 12X

e =[L~I{0n]-[{ :él(lt —I(0R)}N(16)] =L —1/(07)

LEHET D, 1/(0p) 1% 1i(0Or) % CIIEATHIIE L 72fl,) & Z AT DI-72 O£ BINR
e I-R4BUGEMME L ik, —RORKEA T 5 Th D & 5ic Vertical circle DK EDH
BRI (1=0° i} ) 2EFEHCTE > TWRWDT, D-AD & 5 RO R
¢ D-RONEDOHIMEL DEL LTROOID I IZITROON LV, £Z T a() i
Vertical circle OFRB{ANKICER L TAD L 3ERD B, % E-state 35X U° W-state D
Vertical circle OFR{tiz R(E) LU R(W) &T2¢& ei(I) ik, ei(I)s(E-state) 6 L V°
e5(Dw(W-state) =43 C,

ei(I)g=180° — (R«(E) — Ro) —I;(Op) = 180° + Ro ~ (R« E) + I'(Op))

e (Dw=Ry(W)—=Ro—1:/(0Op)=(R{W)—1;(Or))—Ro
ELTRDLND, Ro iXFERT Vertical circle DK O RN AETIE OKFH
DEBIEE) ThHb, Ro ik 1 EOBMOLTHEEL LT

Ro= e [ERE)+A/O)+ ZRAW)-1/(On)]

(8 L, RJ/(E)=R«(E)—180°)

LLTHkHHND, BEEOMAEFIMEITEII 180° shmicfE GBI LU0 I OFERIE &
IR TV %,) ORBMADFIHELHMATRETHHDOT, LED R (E)=Ri(E)-180°
CARERR A<, “E” OBREEX L II 05050 0MBETHS, inks, EREEX
@ i 13 E-state {3175 8@ 0 OFBIREFR LU j 1% W-state 1317 2 E)%k 8l Y DEMN
REzEbT, WIFTHAL, e(s ik DI-72 OAEHIHE—(R:(E) & Or-BEHEtD
- (17 (0r) 0, es(Dw ik AHED Ry(W) & 1/(Or) DENER LTV
Do

Zhbo D, -RAaBNARECHEHCHA WS DI-72 OF — 23T _XTCVvSA§fE® L7
ExEV3,

BED & SIZEH LR (D), e(Me, ;(Nw ik, DI-72 EEAHA—BOFMRBEL LTX
o WRETHE2E (Systematic deviation ¥ 7-i3 error) & {ERAICIE 2BAHEXE (Acci-
dental error) ¥4 A T3, ZORFEHZET PR LBIRIBTOLFEH WAL LY
BEITRELOT, BN KELEEZREBC-NEF VB L IOV, RERELRE
L7-BRBENBIREL L THEBECHR2BETH 2, T2 THRABESY 4¢(D) &LV
4e(I) LRDOLRD L SCTERT 5, Hib, BT 52007 — 2@ TRICER L7
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e(D), eMe IV ¢y(Iw OR—FEIRETCOLFHE L RFHRE L L L, TDOLEY
{H2HOEx DBREDRELBRBELEET D,

c) DI-72 £#BIRBOARHKHEES L VBRRE BNED 5 v +)

Fig. 8 KRiHDOEHRIC Lichi- TR DI-12 OLBNIRBIC 1T 5 BHKEE I L OB
RBEDAF 7% (BRUMEZE) LA L7, B LZBRNL 1974 £ 83 L7296 [ (16 kAR
TOBEMEHEMET 5,) PREOVWTDIDTHD, 96 BOBNF — 2 I A BIFHI 3 11,
B, &, B oT TRITLC, Th b, B, RFOMHE A, B, C ez kit T B,
A, B, C £HMOBNEISL%E + 30[E, 30EH IV 36EE /> T2,

gl E!k Hn !_,!n Llﬂlr Lr E!“ l.i

[+d 1 o —

Fig. 8. Systematic deviations of DI-72 measured value in each
state of axis direction indicated in the bottom abscissa (top),
their changes for three sub-periods A, B and C from the mean
of the whole period (middle) and standard deviations in each
sub-period (bottom). For D-component (left) absolute value of
the deviation is shown in order to use the same scale as the
others and those of negative value are indicated by dot given
aside.

Fig. 8 DEMIRR L7z b Dk D-RSCHETHLDTH D, ROKERICKE VBRI TR
Licd ik, 4 168 Y OBIREI 3517 2 £ MM O REFEREDOFHIMED “KaxHiE” 27 L1
bDTCHD, 5B, KEVERBILRFy P 2T ADORRHELINAMBETRT IO TH S,
2EEDLDREZERMBITIT S A, B, C DHHIORFHZEDLWMTFEHE,ISOMBELRL
b DThHb, D-HOEBIIRE COFEMARBE2EIT Table 2. (a) RARLALEBY T
Hd. Fha4~THHRLI [0°, [Up] etc dFRIXE [ 1 PR LABRHREZET
LBRDORHKREDLTPHEL TR T D, €5 T [0°1-[180°] Xy —F 2 4 A4 0° TD
BRI L 180° TOBB CORFREDNE L TR T 5, 7o * BIRfHI/ () AOHEL,
FUFTORMCT L -/ EDED () A Up, E, 0° Up £ R LABEHIREBTHE
PRd, FOfio () RO 1975 £0 38 OB 2L TORKOKRETH %,
frds, BEXT T 0001 Biff THREIN T2,

D-RA D FBARE TORMBAET “HERHE" T 0.16/~021' DEERLTEY, TP
HE0.185 TH b, ZORMAIMEDOHEBRBEDOKE XC, #ilf =1 L OHBEEEM & #
RGBT TEIBMIZ 0.185 ThTWARRL T3, FOMABHBREOHM:EL L THEETN
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EZ Lk, —FaAAll0@EE (0° 180°) DBVFB IV Y —F 24 ADEREDAE & Dt
WIZ L BRMEBENTNZ ETH D, 2% D Table 2. (a) ¢ [0°]-[180°] 3 L7 [R]-[L]
23612 0.0014’ OFHE T IBERMATE v L A ¥ D, Th bk DI-72 OFIE S A
B LTHURDOKERTHD, fiiFi, A, B, C L£IHIORFAEHET, 003 (1.87) BEDOROR
YAFRT 9 FTEERTRT. TREOWTIE Apr. 1974 (A HIEIES,) i DI-712 0ig4
TR ER L THY, F0H0 DI-72 ORBERC LS LEZOND, ZHTERD
BAREDERREDOHEHNOEN S ELOhDZ L TH D,

Wiz DI-72 OBIRECHEEMEGRT >ARREHUTOVWTRTAL S, Fig. 8 OFT
B (M) = D-ooBREREOLBMIRENE L CHMNOEEREM LR L, K&
WBAR LIS TEEZRT. B4 Table 2. R LTHD. £FHM7EEFEEMT
0.0328’ T¥ 5.

LR R TEIANRIBOB I & 2B EEHCIIKE AEX WA, A, B, C M &
DG END D, CHIMOBREREIRIPEL, APHODDRELKREV, Zhid
im0 A WOV IERK L DI-712 ORAFEBC LIHRLELILNS,

- BT 5 RFEE R I URREETOWTIL, Fig. 8 O3 LU Table 2 (b) =
FLitBVTHD, TNHRXED D-EAOBELARDOHERCLIIVIRENTV2DT
BMINTEEE T B, TS RHEER RBRE” Th{EFOLIDEY Ty FLTHD, DI-72
D I-RADARHREIBROZ L g D-BA LY XD MT/PI, B LT 003
UTORKRERTRLTHICHAE R, T, v—F a4 LOBEIRBOERT L 275
MEDELOWTD, D-ROOBELAREELERRE LN, 727, D-RH/DBEI
HHNTH—F 24 ADEED [ E OBV & 5 REHEDRAHAEMBEONS, L
ML, CRIROWTHRBE TR EDOREXTRRL, EBELIERALTAMNS 5, 1,
I-RADBREXOBEREILMMRE LTxY, FHaoEiE/EMT 0.02007 (1.27)
THVIEEITP X, s, D-BO K LU I-RS OMRARB LD B FHZEHEILA © 00328 &5
F 000200 ChBHAH, ZhbDitkfd F/H=1.52=0.0328/0.0200'=1.64 Liz- Ty,
BIEMAROERLRL TV 5, AHEOHTORPEREREDHOFAKREV-OIX, A MO
D-RAEHNRCRRE CH o 1ol TRIEMAINEEZILND,

ZhoD D, FRADAMRE L st LT 1975 EREO BRI OMITR AR L Th 328,
MOV T 1974 EORER L KER VG E MR L Tk <,

2. DI2 BABRBEOHEHESHE LIUERSKA L Y STRAFHBIE
ERZOEHSH

a) DI-72 SEMRRBREDOER I

BIREE 2 AN T HBAERBRA LI BRHA LV ROOWABEREEOMI, BARR
XOERSMEESBEELERL LD, Hb, BRBEENERIAL L T2 0E S5 HMRE
BEThd, Fig. 9 ThRERK L7 DI-72 OBRAE (de) DEESHER L. BOLEMN
X D-&4, Ak FROEHTHL0T, ERSO LR A, B, C O (A=%#,
B=@ift, C=mfp) DEESML, TRILNMMOEBRSMHMERL T2, B (@A
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Fig. 9. Frequency distribution of errors in single measured value of
D and I components by DI-72 for the data during 1974.

HEMH) BRERTRLTHEERY TRHETRIS6EL D, isER () 12— v
TV TERLTH D,

D-BAoRDWTRS E, P95 L340 A, B, C itk 0 ERS st G 5
ZETHB, B A HEIOLDRERSHE V2T, BRSO 2 20ldadhs, =2
TR ELTVHAFBEURBC SV TRERBOBEAARSN S, Ol Apr. 1974 @
DI-72 Dk LD 7~ £ Th v, T DI-72 XA A &0 RH iR
RN E TR T ELORSD, ik Nov. 1973 7% » 7= DI-72 OEMERES SR
~DBE (DI-72 DB/EWEBNODO/H) Ll bRl THELAREEXC LB DD LHE
Abhd. FEX VBRI ThicH, Mo XT3 2EBS M ESR
SMTHDE LTKRERE TR,

I-RAB LT AR S\ TERS MR L A XER L, WTFhbRWEHS
HiERLTWD, ¥ROZ Liehtd D-RAOCENTERSMHIBOILIIEEL, v+~7T
Hbo

LLED &Y DI-72 OBRRERIERS AL LTEY, ERFMCENIHTFCLY
BIRSE (GA:2) WHHEsh 3, DI-72 OBMED 5 v+ (MAREEOERERFZE) 11 D-
BAR2WT 6(D)=+0.0328, I-RHI2WT a(I) =+0.0200" &3z ¥, BWHEALEE
LT 2B ERNOE, BHRE on=0/ VN(N=32) TH 2D TEIEHED 95% {51
XMl

1.96 0. (D) = +0.0114’ (= +0.684"")

1.96 @ (1) = +0.0069 (= +0.416")
LIy, REROMIBITH S~REIXE . T Ly dhicd & 9° < DI-72 A%
ELTEN DD THBZ LR LTS, s, D-OOEINFIXAE (0.0328”) iiabo
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ExD A BBOBEHOHIRERDT — 2 bEFAL DD TEA IR/ B, C HilFicou
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Stability and Accuracy of Standard Magnetic
Observation by KASMMER System

Yukizo SANO

Abstract

Instrumental studies of the standard magnetic observation by KASMMER
system during the period from Sept. 1973 to Apr. 1975 are described mainly
discussing stability of optical pumping magnetometers of the system and accuracy
of absolute calibration measurment,

The total force optical pumping magnetometer which has no bias field
shows the most excellent stability of about 0.5y/year. For the other three com-
ponent magnetometers which have proper bias field, in average is found a good
stability of 1.5y-2.0y/year.

Examining fluctuations of individual measured values of calibration mag-
netometer DI-72. the standard deviation of single value error is estimated at
0.0328' for D-component and 0.0200' for I-component. This leads to the ac-
curate calibration better than 0.1y or 0.0l for one time calibration measurment
of 32 values.



