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Design of a Magnetic Field Source for In Vivo Experiments at
Extremely Low Frequency
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Abstract

In this paper, the design parameters for the magnetic field source at extremely low frequency are proposed.
This facility can be used for in vivo experiments with small animals to investigate biological response to the
driving magnetic fields. In case that the exposed animals are motionless, the animals may be affected by the
directivity of driving field. To avoid this effect, a 2-axis ELF magnetic field driving apparatus was designed.
The optimum location and number of turns of each coil were obtained by numerical analysis. Applying these
data to the MATLAB code(for computation), the magnetic field distribution was obtained. The calculation result
for a well-designed facility showed that the space in which the amplitude of the magnetic field lies within the
95 % of the magnetic field distribution was more than 60 % of each axis length.
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Fig. 1. Structure of magnetic field source by the
two same coils.

A sl 24717

F Sl A7 WAL BedT Dot dY
Yo £2o) Eriholder) ol TAH 3
S, A7) W S2A0l) AR Y $y
o gl HEE WA 7149 WAl 9 9%
Atk olF Eo)7) HHME 74 B
FH A7NZE FA] FAA TS 2-8 0] Z}7]
4 HAFE7 SFEY - A 2RI M
o] A el A, 1 Fx BFYLE et thEE
9 A% 2% A% BAAAS} ARHT Qo
£ =3dAE 60 Hz AR ot 7+ 29 F4
A7170] 1 mT(10 Gauss)o) 2 & A 2}7]Ao) ok
14 mTQ 25 A7) SARZAE 2A 82 1 54
S 238 BuA g

o] EAE ¢

29 13} 2ol Ad § e 5Y B4 AHN
tumns)ll & A71EE SN AF, AR
)M 71739 FHAEEC] BT A= 0
o] g 4=A Axule] &x|dic) MY z}7]
2k BE "] Q-APLE ¥ & (Biot-Savart's law)S &4
9 g3t ol FaagY

N-1I-

B=py (h2+R2)3/2 (7] (1)

a7 29 2ol &3} 7pu RE9 IAHUL
Zt7] 2 4% T Y3l dAeA A HE 2]
Jg- B= é] (2)9’}' 7‘;0] %E}' Lo = Lsige = Iﬂ'l ?’—_} EH’

Nside
[ (dside/2)2+R2 ]3/2

B= uyR*I

872

deige

X A

J8 2. Aot O 4F YA 98 AR
RN E FE

Fig. 2. Structure of magnetic field source by the
fourfold coil whose number of turns
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Fig. 3. Coil arrangement for mutual inductance
calculation.
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Fig. 4. Schematic of 2-axes magnetic field genera-
ting apparatus[m].
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Fig. 5. Planes for coil optimizing simulation.

'1 I I I
T Lvside§Lvside Luside 2LHs ide
=

6aH=z
Lvcentlbvcent 2LHcent ZLHcent

a8 6. 28 A1 HARAY FH(Ln), TALY)
Yo A7 B4

Fig. 6. Connection method of horizontal(Ly), ver-
tical(Lv) coils of 2-axes magnetic field
source.
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Fig. 7. At a center point of a single axis device
current, number of turns and impressed
voltage for 1 mT magnetic field generation
when it is 60 Hz.
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Fig. 8. Impedance by supplied current for V2 mT
generation in 2-axes device when it is 60 Hz.
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Fig. 9. Change of magnetic flux density and
current by impressed voltage when Ny
=256 and N..,=108 in a single axis device.
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Fig. 10. Structure of 2-axes device which was
derived by optimization process.

oA z+ ZY o AAME Nowe =256, Neew= 1082 2
Ao, HEHQ 2 FSHA A% AR
Ao 72 19 103 Zth (V, NS (N, DA N
L AAHE YL ZE T AAE 74 Vel
o] 1A 7+ ol A | mTe) &7]Z(B: or B)E
WA 7] 7] $18 7 gepulE gES & 13 7ol
2k=)

AZ 35 NEY AL B3l AAR dew B Neew 7}
ol Are 7Y A7F FEXE AL F U=A
2 gelslRy] s E 19 22dA

-9 x-%% y-52 el WA EHe
Hrtsl Botom, 19 113 o] s3I U 2A
AFE TEY Newol TE x &

o A71% A7 wsE Add A3 New=

TR (1 e S = A



1. 3% 109 F2oAM 3 dh Lo g | mTY
ANVEE AN 9F 2 e
Table 1. Parameters for generation 1 mT mag-

netic field for each axis in Fig. 10.
Value
I mx1 mxl m (axbxc)
256/108/108/256 [Turns]
dsize =0.9 [m]
deews = 0.23 [m]

Parameter
A3 Size
74 gy P4 5
Coil 78] Azl
ZHANA e EA
AF7174* (B, or By)
2% W & AN
(=B)) or 14.1 [Gauss]
7 399 At AR |2 [A]
©: 59, #4 39 250 U 483

1 [mT] or 10 [Gauss]

1 x V2 =141 [mT]

P Height from Gnd. =

| T T
5 [ H
»d cent/;{svdW] g N et =
» N_side = %5 __,,,—~/7 = &"ﬂ:gé

Total Bz & Certer of Y or X-Axis [mT]

Honzonlal X or Y-Position [m]
A9 Aglret Akt H94 &
B. at center point of y-or x-axis along
horizontal x —or y-position with variable
turns of Neen.
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Fig. 20. Error rate on z=0.5 m plane.
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Table 2. Usable area estimated by error rate.
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