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Non-invasive measurement of the currents in the human body
®m B
Keiji TSUKADA

Non-invasive measuring systems for electro-physiological current and induced currents inside human body were
developed. Biomagnetic measurements of electrophysiological phenomena have become easy according to advance in
superconducting technologies. Advantages of tangential component and vector component were clarified by analyzing
spatial distribution of cardiac-magnetic field. Biomagnetic measurements were applied for clinical use using these
techniques. Induced currents inside human bodies exposed to very low frequency electromagnetic fields ranging
below 1 kHz were measured with a magneto-resistive sensor.
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(SQUID: Superconducting Quantum Interference Device)
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Fig. 1. Photograph of a 64-channel magneto-cardiograph
(Hitachi High-Technologies Corp.)
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Fig. 2. Simulated magnetic field distributions by a single
dipole current parallel to the y-axis.

g ., BRERDND L ODBERAEAHHRNDT, %
g RIE S TORSD HRORTEE HEHERL T2,
g I=-Be, +|B,Je, )
2
% -10
g L= TORLY, EROTRTOAEMN L FRNERTX
b3 )
Time (ms) R peak Z.) [5]0
T BRSO S EE - T, BRAIZED L SIS
i.} SN AMERICTET, €4 1L 0O TER 5B

EEEMBRIEKERL TS, ZOLBEEOFHA
TEmEND EEmNOOFBEIE LT —F 28 L

Time intorval: 8ms 2L DTHY, LIBORITEEEE O MRI B HIE

Mﬁ A U1k Al C DR A L TU B8] Ll

£ ow . ROV & D Th 2EMMARES & EFHH 2 LR LT
§ , WD, DRI L B A AT D 1 IS ERREIR DS
g " ‘ g DI EH 2, Bl ORBTIZZNASHAEL T+
2 o SRERENTE I RY, EMEREICRY, S50
i - Tok DFRENE - 2RBTH D, ~OkhEmikeE
§ o e ko s wo HDVITRERIEIZ 25 L BERAEFNES N TE T

DFHOBEBIZRENE LD, Lo TERSMORFRIZE
{LZPETHZ LD ZORFEEHBMTE S, KIC
T L CEMERATIE, B OBFEICLYE
AN — I ER DA ERL TV RREEE L RS
ZERNMDB, ZORKIEH B —BRORRM TOERSM
ZIRLTWADN, B HEFHIF CHitt /o EMOKE L
BT LMTED, ZORBOSHAR LIZKEHE
SR L, FEOE TERMNRHE Y RTRE & 22 B [9-11],
FE oy X 2 B0 MR A2 T D QRS I DFE B Igrs & FF

Fig. 3. Comparison with (a) normal-MCG and (b)
tangential-MCG
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(b) ischemic heart
Fig. 4. Projected current arrow maps at maximum peak
waveform during ventricular depolarization.

2.3 XU MVERENT OEEERIS

WIZ~T BV MCG OFFEIZ DWW TR B, <7 b
WA D L HRRRRIR XY — N2 B T L ik,
TIHEBROLENTIIE S 250 RTHD, KSIEX
A (B0 L/NE (BHESE) D~<2 b MCG
OB Z B LM THD, LI ADERAD
BERIIFR CRRICIE 2 - Ty, —F, FHCiEs
BRHL HLRR0KRE INRELD LOOELLHERIZA
STW5, BRIEIEEIC 2D = Lix, BRRES—
DELTRELTWAI L2ENRT S, —FH, KAD
L OWERNRRELD Z L IXBRIRS— 2 TidZe< 1<
OO LT ERIENH D L OB bbb, LML
ZHUIER L EBICERSINEDLDL I EEBKLT
WAOTIRL, BAIEIZ S L TUEROKE S OB%
ML Bb0EBILND, 2FY, /NEOHE LI
DREIBKRKADED ELEA/NINT s, LEOIAD
ST EBHRNAAL/NROBAE TIIRE LB e LTH
BE»DRZ PO THD, BRRGEE, IHITNE
VDB E OB DY L MCG Tl & 0 &R0
AR L 725, BIET DREBR 52— 2121275
LIBIZTENTE X F M & - TR IR

o TL BM, X7 MVARR LT FERE CrilREn
HEINROREEERE LD, —RRICERIKZH T
VREHR 72T T <, REREIEFZ OB 2 1 QRS DRFHEINE
LW RRRAIENSE L EEREEL 2B, XV b
L MCG I & - T, BEOZE ERRENZEE SN
R LRI TE L 512k -77[12),

- R 1 (W N
o { -
[ ’a. )!\ FaERY
£ =Y O I o) O N
i ;\ -
)93 l" A .
@ AN
2 b e
o
<
=
Y T R B T
Time (ms)
(@
g !
q!:, Iﬂllk
- -
-‘;; )a_ S— j;‘ 8 N —_——
3 ro‘t “311 -
= N
o i
=1
g {j' R
& — A =T s e
fard
=
Time (ms)
(b)

Fig.5. Comparison between time-waveforms of (a) adult
(40 years old) and  (b) child (5 years old)
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Fig. 6. Schematic diagram of the measuring system for
induced current in the human body.
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Fig. 7. Frequency dependence of magnetic field strength

by induced current.
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