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In this study, our research team developed a portable and low-priced magnetometer to detect
vector magnetic fields in human chest. The sensor probe of this magnetometer has a pair of
magnetism sensing portions on both ends of an amorphous metal (AM) wire, which is operated
by activation current at normal temperature. Furthermore, unlike existing ultrasensitive
magnetometers (e.g. SQUID), our magneto sensor can be used without a magnetic shield,
because in AM wires the shift of internal magnetization is not saturated under terrestrial
magnetism.

In the first year of this study, our research team designed and manufactured two circuit boards
for a fast-digital AD processing and sample-and-hold processing, and adjusted operation
parameters, e.g. the interval and duration of activation current, to appropriately detect vector
magnetic fields. In Nagoya University, using the AM-based magnetometer, our research team
measured magnetic fields in myocardial tissue samples with spontaneous rhythmicity, and also
carried out preliminary measurements of human biomagnetic fields. During the measurements,
we explored appropriate physical conditions such as the position and angle of the magneto
sensor probe against human chest, prepared non-magnetic peripheral equipments, and
formulated a measurement protocol.

In Fujidenolo Co. Ltd, our research team continuously fabricated magneto sensor probes with a
high gain and a low noise in the output potential throughtout the study years. In the last year
our team also manufactured a portable magnetometer. Regarding the sensitivity of the magneto
sensor probe, we modified several points: increasing the turns and decreasing the diameter of
the transducer coils; increasing the number of AM wires, etc. The sensitivity increased four
times compared to that at the beginning of this study. To reduce the noise level in the data
processing circuit, we selected appropriate AD converter ICs and adjusted the circuits in the
board. In addition, we explored an optimal signal processing protocol, e.g. adjustment of the
timing and duration of sampling the transducer coil potential. In the last year of this study, due
to these improvements in total, we eventually obtained the magnetic resolution higher than the
target value.

On the other hand, the portable magnetometer was equiped with a wireless system and a
secondary battery unit. The protable magnetometer can easily access close to objects during
measurements. Furthermore, since this magnetometer contained two pairs of 2-axis magneto
sensor probes, it was considered to be advantageous to reduce the environmental noise such as
terrestrial magnetism and room noise, and to estimate the position and size of the electric
current circuit for the magnetic signal.

Using the magnetometer with a high resolution, we measured magnetic fields on the surface of
the chest in human subjects, i.e. magnetocardiogram (MCQ), in research labos and examination
rooms, according to the protocol approved. All magnetic field measurments were carried out
without a magnetic shield. We acquired approximately 80 sets of simultaneous measurements of
MCG and electrocardiogram (ECG) in healthy subjects and those with mild arrhythmia. In the
analysis of magnetic field data compared with the electric excitation cycle in ECG, we

occassionally observed unique magnetic waves in subjects with mild arrhythmia, especially in

3



complete right bundle branch block. In case of impaired conduction, it is lakely that the duration
of electrically charging the plasma membrane of cardiac myocytes increases, thereby enlarging
the volume of the electric circuit propagating in the haert. These measurements suggest that
amorphous metal-based magnetometers may provide with a new analitical view, apart from
electric field measurements, in evaluation and classification of the conductivity/propagation

efficacy of electric excitation in the heart.
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