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Measurement of weak magnetic signals using high -7- SQUID
magnetometers in magnetically disturbed environment
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Abstract

The single layer direct-coupled YBCO SQUID magnetometers have been fabricated and characterized for the purpose of
the measurement of weak magnetic signals in unshielded environment. Two types of magnetometers have been designed and
fabricated using 10 mm x 10 mm substrates. We could operate the conventional 3-mm-wide solid pickup loop
magnetometers more stably than the 12-parallel-line pickup loop magnetometers in laboratory environment. We developed a
first-order electronic gradiometer system using the SQUID sensors with axial displacement of 80 mm without any
mechanical alignment of magnetometers. The system with a software filter using calculation of discrete Fourier transform
could record clearly weak pulse signal of 100 pT in a magnetically disturbed environment.
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Fig. 1. Magnetic field noise spectra of the solid pickup loop
magnetometer, (a) measured in MSR with ac bias, (b)
measured in MSR, (c) electronic gradiometer signal
measured in weak-MSR, measured in weak-MSR (d) and
unshielded laboratory environment (e). The calibration
peak was obtained by applying 35 Hz ac magnetic field by
a Helmholtz-coil. FLL electronics was operated in dc bias
mode otherwise denoted.
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Fig. 2. Measured data of magnpetic field of 100 pTppat 35
Hz generated by a 35 cm Helmholtz coil in MSR.
As-measured data show distorted waveform due to the
residual magnetic noise in MSR, where as software -filtered
data show very clear sinusoidal waveform. Gradiometer
signal exhibit balance of > 50 without mechanical
alignment of SQUID sensor
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Fig. 3. Typical spectra obtained using SQUID

magnetometer, (a) as-measured, (b) software-filtered with
HPF at 1 Hz, LPF at 100 Hz, and 60 Hz band reject filter.
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Fig. 4. Measured data of weak magnetic signal from a
watch recorded by the first channel SQUID magnetometer
of the electronic gradiometer in a weak-MSR. Gray scale is
as measured signal with environmental peak amplitude of
10 nT. Black solid line is the result of software-filtered
signal, in which clear beats of heart could be observed.

150

filtered signal of ch. 1 _
100 filtered gradiometer signal

Signal {pT)
o g

'
o
=)

N
=3
S

150 1 1 ; L L ! 1 1 R
20 21 22 23 24 25 26 27 28 29 30

Time (s)
Fig. 5. Parts of real time pulse signal from a watch. Gray
scal line : Signal recorded by the SQUID magnetometer.
Black solid line : Signal of the electronic gradiometer.
Measurement bandwidth was 99 Hz with 60 Hz notch
filter.
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