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Abstract
A computer-driven, three-dimensional magnetic fluxmeter to be used also for

magnetic field dosimetry has been developed. A magnetic monitor applicable to
this object should be measurable to an absolute value of local magnetic field
strength and also be able to record its time iptegration as a measure of exposed
dose to the magnetic field.. | | |

The present fluxmeter consists of signal amplifires, rectifires, an A/D
converter, and a pocket computer(PC). The signal'outputs from the sensors are
processed with the PC to compose an absolute strength of magnetic flux density
and its time-integrated value. The whole system is driven by a battery and is
quite compact in size to be used as a handy portable system.

Further details of the design, idea, construction, specification, and testing
result of the fluxmeter are described. The measurable range are from (. 4G to
20, 000G in normal mode and 8mG to 400G in high-sensitivity AC mode, and the
sensitivity is well independent of the magnetic field direction. These measured
" data are displayed in real time on the LCD pannel of the PC and memorized in RANM
files. Possible application of the fluxmeter are discussed with special
attention to the search of the leakage and/or disturbing error fields around LED
(Large Helical Device) and other magnetic systems, the individual dose control
to the workers in strong magnetic fields, and the evaluation of the effects of
long irradiation of magnetic fields.

{key word] three dimensional, magnetic, fluxmeter, sensor, dose, computer, LED
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APPENDIX

Basic Program for

Three Dimensional Fluxmeter



18:
20:
36:
4a:
29:
6a:
/8

8@:

9a:
108:
110:
128:
1308:
14@:
139:
168:
1-9:
18@:

196:

20e:
Z21@:
228:
23@:
24@:

25a:
26a:
2701
2881
23a:
386:

3i@:
3209:
338:
340:
358:

356:
37a:
380:
339@:
498:
41681

42@:
430:
440:

4358z
460:
4781
480:
43901

ARUN

'3DFLUXCL® >3-2 ~1B

ON KEY GOSUB 48,480,408, 40, 48, 980

BREAK ON

WIDTH 2B,K

CURSOR B,8:CLS

PRINT "<<{3"j;CHR$ RJ3C21;CHR$ %J3835;CHR$ &J4B51;CHR$ &LJ3B3B;CHRS &J3C27;
CHR$ &J422BjCHR$ &J37573 15

GOSUB 18390

CLS :CURSOR B8,B8:WAIT @,P

PRINT "1:"jCHR$ &J422C;CHRS &J44B6A8;",2:";CHR$ &J3B75;CHRS &J3RZE
CURSOR 8,1

PRINT "3:#v-9,";CHR$ &J3520;CHRS &J4F3F;",4:";CHR$ 2J4649;CHRs &J30D5B
CURSOR 18,1:INPUT ""*;AP :

IF AP=1GDTO 17BELSE 135@

IF AP=2G0TO 166RELSE 1609

IF AP=3G0TO 22B8BELSE 2380

CLEAR :AP=1

CLS = INPUT " 1:pC.0C b 2:RC E-F"A0

AC=88

CLS :BEEP 3,15,3@0:WAIT 150,P: IF AD=1G0TO 21BELSE 2289

PRINT "S2z4+% AC.DC Lk ":GOTO 238

PRINT "G2z14%+ AC Lk "

WatT a,P

CLS :PRINT "1:";CHR$ &J4331;CHR$ &J482F; " ({2@8n1) - 2:i";CHR$ &J4F22;CHRS

£J4233; " ({10001 "

CURSOR 18,1: INPUT SC

I[F SC=1G0TO 2/BELSE 2848

H=280:CT=:1MD=2:G0TO 478

PRINT CHR$ 8J422C;CHR$ 8J446A; "E—k"n 1:FT, 2:51, 3:582"
CURSOR 18,1: INPUT #D

CLS :CURSOR @,Q

PRINT CHR® &J422C;CHR$ &J446R;CHR® &J3C7E;CHRS &J347C

CURSOR 8,8

[F MDO=1THEN GOTD 34QELSE 350

[NPUT "(5=1S,t4%2>= ";CT:G0TD 4@

INPUT “(>=3S,t4R3>= ";CT

IF CT<3GOTO 37@ELSE 418

CLS :2CURSOR 8,1

WAIT 188,P:PRINT “ 3";CHR$ &J4943;CHR$ 2J304A;CHRS &J3EBS; "F AN (22"
CLS :=G0TO 318

[F CT<iTHEN GOTO 31@

CLS :CURSOR 86,8

PRINT CHR$ 8J422C;CHRs$ &J446R;CHR$ &J3I2P3;CHRS &J3F74;" (<= l@@@D{)“
CURSOR @,1:WAILT @,P

INPUT " M = “jH
cLs

IF 1MD=1GOTO 480
CLS

WIOTH 28,A

DIM U(9),BC1R,108),C(18,108), T$(18,1687,M(18,188°>

(1)



. SB@:SETCOM “COMi:",128@,8,N,1,N,N

$1@: SETOEV "COM1i“, PO

520:D%=0RTE® :KEY (B>0ON

53@: [F AD=260TO 558

54@:GOSUB 2539

550:CLS :WAIT a,P

56@:REM kx*xkFr MODEXkxx

57@:C0OM 10N

S80:5=64%(CT~-1>

590:WIDTH 26,K:CURSOR 8,1

BOY:FT=3600Xx(0DEG TIME >

G10:FOR NM=1T0 H

620:ST=3600%¢(DEG TIME »

638:LPRINT CHR$ (1);CHR$ (32);CHR$ (129);CHR$ (186@);CHR$ (B5);CHR$ (96):;CHR%
193);CHR$ (232) '

B4@:FOR N=1T70 9

B558: UCNI=ASC RXD%

6668 NEXT N

670: IF SC=1G0TO 598

680: IF U(7)<24G0SUB 1576

§9A: IF U{Z21>48THEN 719

/08:K=8.4:G0T0 220

71@:K=8

220:BX=U1)+U(27%256

738:1BY=UC(3>+U{4) %256

240 BZ2=UC(5)+UC(BI %2586

750: 1F BX>26000R BY>26000R BZ>Z2B0RTHEN 778

76@0:GOTO 790

Z778:CLS :BEEP 1,15:WALT 138,P:PRINT "02080 29-ud-nv- 09000 S324WF ' [l
780:CLS :WAIT &,P
738: MM > =N

8@@: T$(M)=TIMES$
B1O:B(M)=K*(SAR <C(BX)Y "Z2+(BY)Y 2+(B2) 2)7

820:USING :CURSOR @,B:PRINT “M=";M(M)

§30: IF K=8G0TO 84BELSE 878

84@: [F B(MY<ZBBTHEN SSBELSE 870 ‘

850:CLS :BEEP 1,15:WAIT 138,P:PRINT " S$3R{w?¥ :

86@:CLS :WAIT @,P

870: [F STATUS 258<248@BTHEN 88BELSE 910

880:BEEP 3,15:CLS :WIDTH 26,K:WAIT 286,P

g9@: PRINT _ "

989:607T0. 980

91@: IF MD=1THEN S20ELSE 1200

920@: IF AD=2B0T0 93PELSE 94B

93@:USING "##, ###, ###":CURSOR 9,1:PRINT "B =";B(M>*28-AC;" mG":G0TO 950
G4@:USING "#, ###, #84. #°:CURSOR B,1:PRINT "B =";8(M;" B"

95p:NT=(DEG TIHE >%3608

968: IF NT-ST>CT-8.95G0T0 S7BELSE 950

97@: NEXT M:GOTO 1200

"g98@:CLS :WIDTH 26,K:WAIT 158,P

S9@:PRINT CHR$ &J422C;CHR$ £J446A;CHRS &J43663CHRS &J4347:WALT @,P

(2)
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1883:CLS :PRINT " , "
1018:FOR M=1TQ H

1820@: IF MC(M)=BGOTO 1@3BELSE 1940

1838t H=M-1:G0TO 1070

1040: C(MY=B(M) 1 C(BY=D

1858: C{MY=C M +C(M-1)

1060 NEXT

1870:CLS :MWIDTH 26,A:USING

18801 PRINT " M ="3;M(HY;" Nfy,  CT="3CT;* $“:CURSOR 1,1:PRINT “TT=";T$(1);", LT=
“ETSCHD

105@: IF AD=2G0T0 11@@ELSE 1118

110@:CURSOR 1,2:USING “##, #4#, H¥# 1PRINT "B="3;BC(H)%28-AC;" mG":GOTO 1129

111@:CURSOR 1,2:USING "##, ###, H#4":PRINT "B =";B(H>;" G"

112@: IF C{HYXCT>1DBBRATHEN 113@ELSE 1148

1130:CURSOR 1,3:USING "##,###.#":PRINT "IB="3C(H)-1@800; "TS":GOTO 117@

114@: IF AD=2G0T0 11SBELSE 1168 _

115@: CURSOR 41,3:PRINT “IB="jC(H)XCT~/50-0.0@1XHXACXCT;" GS":GOTO 117@

1160: CURSOR 1,3:PRINT "IB="3;C(H)XCT;" GS*

117@:CURSOR 25, 3: INPUT A%

118@:CLS :WIDTH 26,K: INPUT "5"-93 (u7u TiRiL, 20UFTV;

119@: IF B=1G0TO 166@ELSE 1978

1200:CC(MY=B(M):C(@)=@

12181 C(MY=C(MI+CCM-17:CCL1Y=8

122@: IF AD=2G0TO 123@ELSE 1250

123@: USING "#H#H#%, ###":CURSOR 6,0

124@1PRINT "B=";B(M)%¥28-AC}" mG":GOTO 1270

125@:USING "#§#H#, ##4. #" 1 CURSOR 6,8

126@:PRINT "B=";B(M);" B" _

127@: [F STATUS 258<20@BTHEN 128QELSE 1290

128B:1BEEP 1,15:PRINT "XEUN™ PUICL,Y3TA3 PLT33 " Y((F6F-)

129@: [F SC=1G0TD 1380

1300: IB=CTXC(M): IF IB>1@@@@@THEN 1360

131@:CURSOR @,1:USING "##;#":PRINT U(Z)%B. 216

13281 CURSOR 5,1:USING "“i#bd, ##4"

1330: IF AD=2G0T0O 134BELSE 1350

134@:PRINT "1B8="; I1B/50-0.001%HXACKCT; " GS":GOTO 142@

135@:PRINT “IB=";18;" G5":GOTO 1420

1360:CURSOR S, 1:USING “Hi#, a4, 8"

'137@:PRINT "I1B=";1B-180@0;" TS":GOTO 1420

1380: [F AD=2G0T0 1390ELSE 14B@

1399:CURSOR B, 1:USING “###4##" 1PRINT BXXKX20-0.6%RC; BYXKX28-8.6XAC; BZXK%x20-8. 6%
AC:GOTO 1418

140@:CURSOR @,1:USING "#####":PRINT BXxK; "G"3BYXK} "G";BZ%K; 6"

1418: IF AIN >20G0TO 1430ELSE 1410

142R: IF (DEG TIME )%3608-ST>CT-0.5G0T0 144@ELSE 1420

1430:BEEP 1,15:A0IN OFF

144Q:MEXT M

145@:FOR M=1TD H

146@: IF M(MI=BGOTO 147QELSE 1488

147@1H=M-1:G0TD 1490 .

148@:NEXT M
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1498: SETDEVU “COM1i: "

1569: BEEP 18, 28, 498

1518:CLS :WIDTH 26,K:USING

1520: CURSPR 6,@:WAIT 158,P

. 1530:PRINT CHR$ RJ422C;CHR$ &J446A;CHRS &J302A;CHRS &J4E3B

154@:CLS :WIDTH 26.K

155@: INPUT “$v-33s5L,T9z0h 1R, 2:934";B

156@: IF B=160T0O 166RELSE 1976

157Q:REM ALARMSUB1

1580: BEEP 2,15,4008:CLS

1598: CURSOR 8,8:WIDTH 25,K

1680:PRINT " 929";CHR$ &J4545;CHRS &J43533CHRS &J4545;CHR$ 2J3035;CHRS &J4463:
CHR$ &J323C;"92g"

1618:WAIT 208,P: CURSOR @,1

162@:PRINT " S1";CHRS$ 8J244E;"ON";CHRS &J334E;CHRS &J4727;", A“wil—";CHRS &J244
E;CHR$ %J3872;CHR$ &J3439

1638:WALIT 200,P

1648:WAIT.8,P:CLS

1656: RETURN

166@: SETDEV "COMi: ™

1678: " ¥OUTPUT TOPRINTERX

1688:CLS :WIDTH 26,K

169@:PRINT "3°UL3-30uurayfgg g

1788: INPUT A$

1719:CSIZ2E 2,K:COLOR B:TAB 5

1728:LPRINT “30";CHR$ &J4051;CHRS &J3838 CHR$ &J3C27;CHR$ 8J4228;CHRS &J3757;
CHR$ R&J244E; “F»-5n

1739:CSIZE 2,A:COLOR 1:USING

174Q: IF AD=1G0TO0 17SBELSE 1760

1750:LPRINT "AC-DC w»y*39 E-b"":1GOTO 1770

1760@: LPRINT “AC 9N k"E—p»"

177@: IF SC=2THEN 1799

178B:LPRINT “J9un®w w9%s vz IB=8 Ziu?

1799: IF MD=1G0TO 1810

1800: LPRINT “yoF<E-b>: SOC(E3H"12)":GOTO 1828

181@: LPRINT “YnFfE~h»:1 FT(IIYdY

1820:LPRINT TAB @; "OATE: ";0%;", CT:“3;CT3"SEC, ";"M:";H;"IM4, RM:";STATUS 258;"n"
fF"ILF

1830:USING "##4, Hi#, HHHE, #58"

184@: IF AD=2GOTO 18S@ELSE 1860

1858:LPRINT * YDFANIRI M N T YTYITYRY B(mGE)  TWRYJTFIYL IBCGSY":GOTO
1879
186@: LPRINT * YOTANART M L T Prygzyb® BCGY Wb IEFIVL IBIGSY

1878:COLOR 2

1888:FOR N=1T0 H

1839@: IF MdMY=BTHEN GOTO 1340

1980: IF AD=2G0TO 1918l SE 1920

1918:LPRINT TAB @iMdM>;TAB 165 T$(MY3TAB 271 B(rMI%2@; TAB 463 C<KMY*CT-50:GOTO 13930
1920:LPRINT TAB QMM TAB 163 T$(MI;TAB 27:B(MY§TAB 4B; CUMXCT

1939:NEXT M

194@: WIDTH 26,K
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195@:CLS :PRINT CHR$ &J3075;CHR$ &J3A7E;CHR$ 2J3D2A;CHR$ &J4E3R
136@: IF AP=4THEN 284@

1978:CLS : INPUT "F¥42D-X€Y 11z, 2:9F19;B
198@: IF B=1GDTO 22BBELSE 28480 :
199@:REM  SUB MUSIC1

20@8:FOR J=@T0 2

2918:FOR 1=@TOD 5

2020:READ A

2039:LET B=138E00~ (166+(22%A))

2040:BEEP 1,A,B

2050:NEXT 1

206Q: NEXT J

2070:8EEP 1,49,1000

2@8@:0aTA 489,37,30,21,30,37

2090:DATA 49,37,30,21,30,37

21@@8:DATA 49,37,30,21,30,37

2118:RETURN

2128:REM . SUB MUSIC2

213@:FOR I=BTO 43

214@:READ C . .

2150:LET D=26000@- (166+¢22%C))

2160:8EEP 1,C,D

217@:NEXT I

2189: 8EEP 1,63,71.000

219@:0aTa 37,40,37,40,37,52,43,48.

220@:0ATA 68,172,127, 105, 82,68,52,172

221@:0aTea 112,82,64,52,49,172,82, 82

222@:008TA 37,408,37,48,37,52,43,49

2238:DATA 60,172,127,185,82,60,52,172

224@0:0ATA 112,93,49,52

2250: POWER OFF

22601 ¥xDATE TO DISKXX

2270:CLS :WIDTH 26,K

2289:PRINT "#°-89%;CHR$ LJ244E;CHR$ &J4C3E;CHR$ &J4130; CHR$ 8J244F
229@: CURSOR 12,@: INPUT “ “;G$

2390: 0PEN G$FOR OUTPUT AS #1

2319:PRINT #1,08D;M0;SC;CT3H;D;G$; ", ;08

2320:F0R M=1T0 H

233B:PRINT #1,BC(MI3MMY;CCMY; TS

234@1 NEXT M

235@:CLOSE #1

2360:CLS :PRINT CHR$ &J352D;CHRS &J4F3F;CHR$ £J3430;CHR$ RJ4E3B
2378:G0T0 2841

2380: " xxDATA FROM DISKxx -

2390:CLEAR ,
24B0:0IM U(8),B(10,100),C(18,108)>,T$(108,1005,1(18, 188>
241@:MAXFILES =1:CLS

242B:1PRINT “5"-3":CHR$ &J244E;CHR$ &J4C3E;CHR$ 8J4133;CHRS RJ244F
2438:CURSOR 12,3: INPUT “";G$

244P:0PEN G$FOR INPUT aS #1

24581 INPUT #1,60,M0,SC,CT,H,0,sG$,08

(5)



246@:FOR M=1T0 H
2470: INPUT #1,BCMY, MMy, CCMY, TSOD
2480:NEXT M
2498: CLOSE
25e8:CLS :WAIT 380,P
2518:PRINT CHRS$ %J4649;CHR$ 2J3D56;CHR$ &J3430;CHR$ &J4E3B
2528: 6070 1678
253@: "PROGRAM FOR CONTROL
2%54@: WIDTH 26,K
2550: CURSOR 9,8
256@: PRINT .
2570: CURSOR B, 1: INPUT "l:zL, 2:9f4";B
2580: IF B=2G0TO 281@
2598:CLS :CURSOR 8,0
2608: PRINT "38";CHR$ &J4943;CHR$ &J244E;CHR® &J4EBD;CHRS &J4434; " (NO";CHRs &J22
- 2R3 "FLO
2618:WAIT 58,P:CURSOR @,1
2628: PRINT "7°D-2""3CHR$ RJZ222A;CHR$ &J3CS?;CHRS &J4A43:", S2":iCHRS &J222A;"L"
2630:CLS :CURSOR B,@:WAIT 8,P
2640:PRINT CHR$ &J4EGD;CHR$ &J4434;" x Y 2"
2650:FOR M=1TO 25 '
26608:LPRINT CHR$ <1);CHR$ (129);CHR$ (B57;CHRS (193)
2678:F0R N=170 5
2688:U(N>=ASC RXD$
2698:NEXT N
2208: [F Ud4)X(24G0SU8 1570
2710 USING "##.#":CURSOR B,B:PRINT U(43%p.216;"U"
2728:CURSOR 4,1:K=0.4
2738:USING "###4_#" :
2748:PRINT UCL)%K;UC23I%K; U3 x%K
275@:NEXT M
276@:CLS
277@iPRINT CHR$ &J4EBD; CHR$ 8J4434;5CHR$ &J4030;CHR$ &J2477;CHRS 8J4233;CHRS &J3
954; "zLh2"
_278@:CURSOR @,1
2790: INPUT "1:2it, 2:u#f “;B
2800: [F B=1G0T0 263PELSE 2818
281@:°
_2828:RETURN
2838:CLS :PRINT CHR$ &J4434;CHR$ &J4038;CHRs &J302A;CHR$ R4E3R
2848:CLS :CURSOR 3,8:WAIT @,P
280@!PRINT CHR$ &J3886;CHR$ &J36BC;CHR$ &J4F28; CHRS 8J404D;CHRs &J2447;CHRS &J2
437 ;CHR$ 8J243F
2860: IF AP=1G0TO 287RELSE 21206
2878:CURSDR 1,1:PRINT : "3 CHRE &J2240; "OFF“:GOTO 2128

-
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