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Fig. 1. Idealized magnetic circuit (a) and hysteresis
loop (b) for the modeling of the flux-gate magnet-
ometer,
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Fig. 2. Solutions of differential equation for the
idealized magnetic circuit and the square shape of
hysteresis loop.

Al v Eule] Az — At - £ - 2%

ﬂ% o1& 4 it Fig. 2-a) 432 dabzalel 7het A
#a}l Aol x, Fig. 2-b)& dzkaddel 52 Al
o, Fig. 2-c)& o|xadel 55+ 7IAZ 2] s13o]
o}, AR 7187 288 TR A0 E wladl EelE
% A Aol A o] A7 wbolE ZA sl Lz QlollA
Fa 248 2 Y UG AR E ARl o} 3
o}, % AMzoelel Atz e wime qizdsle] FU3
z7)19) "Aeker Astd 4 UA st olakaUd L A
2 AAskgrt utel § :ofol o 7}
H. o2 7VlHE 749 F 2oio] w4 ix} H & o

o o @l

g}

.

)

2} 7ol gle.
Hscl = Hcl + Hexl (6)
Hsc'z = HCZ + Hex? (7)

7b 5o, 5 3eiel Hab mAY ake F oFelo) sl
ojuzalbel a7} Elar, o] AUX ol
zlolof wlEstA| =g Axpz ol
=Aspd 71l A ol tAbate] A 24
-d) £ F 2olol| el bge] A7 t}2 Hoy, HepZ 71l
A AL Aatadd 2 AF-o golrt
R R R
w5E 21A™ e B3-S sl Fig. 2-2)
7} 544— 4*1 Aypals T 30i9] Hat 2L sl wlH
st Fig. 2-h) 9 5188 918 4 glo}. Fig. 2-h) ] &
ol 4] zero crossing points® XA F-a3hA| o
A AAG 27wl ol of AAE 9 A 7187
=24 Aoz gt

Fig. 2-d) %} Fig. 2-e) ¢8| sdoz 2¥ wf #7]e]
#74e el Fig, 3-a) el 2rh o714 P2t Pz“C‘
7t @ole] Hab B (Hy, Hep) Aol aeh %

ool wAH o] HAUd AlA AEA ¢
= 30le] WFALEYE 7} zero crossingdhs A5 #3}
gdomz i way ZHAAHNA vlolvt 2AxA A
o}, & P, P,/AdA &AARHT). aF Aoy
TAle] oAl AAE HelS Zrvhd B &3
1"e] welx Fosllul, AA Al Azt gleix=
20]e] wkx}pAA|4=(demagnetizing factor)ol o8 m

# AN FYE A8E

k51 z;dx] |

0 m\o \;I

O

™



— 306 —

7 ,“Hexl
/—' | Hexz2
PEQ :/—Px

N
Pz—/'i"'\P{ — Hs
i

(b)

Fig. 3. Hysteresis loop changes under an external
magnetic field (a) and shearing of hysteresis loop by
demagnetizing effect (b).
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Fig. 4. Schematic diagram of the magnetic gradient
flux-gate magnetometer.
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Fig. 5. Experimental setup for the magnetic field
gradient experiment.
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Fig. 6. The linearity of the constructed magnet-
ometer,
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Fig. 7. The response of the constructed magnet-
ometer under magnetic field difference of 100 nT ; be-
low and above curves represent applied magnetic field
gradient and magnetometer response respectively.
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Fig. 8. Output voltage variation of the magnetometer
due to the external dc bias magnetic field.
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In order to measure magnetic field difference, we have constructed a fluxgate magnetometer which is based on
the measurement of apparent corecive field strength from the magnetizing current of two sensors.  Co-based
amorphous ribbon, which has square shape of ac hysteresis loop, was used as core material. Two sensors have 315
turns of the primary and thé secondary windings respectively, and core size of 2 mm wide and 30 mm long. The
primary windings are connected parallel to measure external magrnetic field difference and the secondary windings
serieally for the averaged magnetic induction of the cores. The constructed magnetometer could measure magnetic
field difference with sensitivity of 1.6 x 10° V /T and resolution of 1 nT at 1 Hz bandwidth.



