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perform routine calibration. A secondary winding will
accomplish exactly that. A microprocessor based miniatur-
ized electronics board can pass a fixed amount of current at
desired time and record responses of the magnetometer. This
capability could also benefit the geophysical, global moni-
toring and other disciplines by providing this useful cali-
bration capability at lower cost.

Further aspects relate to methods for measuring magnetic
field strengths including applying a sinusoidal, voltage-
controlled current across terminals of a coil assembly having
avariable permeability core and measuring a voltage applied
across the terminals due to the applied sinusoidal, voltage-
controlled current. A low-frequency magnetic field strength
may be calculated from the measured voltage, wherein the
magnetic field strength is indicative of a presence of a
geophysical or atmospheric event, e.g., an earthquake, hur-
ricane, thunderstorm, tornado, or the like. Measuring the
voltage may include applying a low pass filter and/or
applying a double synchronous detector for detecting a
measured voltage with noise and direct current offsets
substantially eliminated. Applying the sinusoidal, voltage-
controlled current may include providing a clock signal, by
a crystal oscillator, to drive a high-output impedance current
source, and/or dividing the clock signal of the crystal
oscillator to a lower frequency signal and shaping the lower
frequency signal into a sinusoidal form.

In certain embodiments, the method may further include
applying a feedback signal to a feedback winding of the coil
assembly, thereby enhancing the receiving cross section of
the magnetometer, and measuring an adjusted voltage across
the terminals. Measuring the adjusted voltage may further
include removing, by the feedback signal, variations in the
ambient magnetic field strength due to a change in the coil
assembly orientation.

In another embodiment, the secondary winding of the coil
assembly may be used for calibration of the magnetometer.
A known current is passed through the secondary coil hence
producing a known magnetic field around the coil which is
used for calibration purposes.

These and other features, advantages, and objects of the
present invention will be further understood and appreciated
by those skilled in the art by reference to the following
specification, claims, and appended drawings.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

FIG. 1 is an exploded view of a magnetometer coil
assembly in accordance with an embodiment.

FIG. 2 is a schematic view of a magnetometer in accor-
dance with an embodiment.

FIG. 3 is a block diagram of a magnetometer in accor-
dance with an embodiment.

FIG. 4 is a schematic graphical representation of the
relative permeability variation with magnetic field variation
a variable permeability core of a magnetometer in accor-
dance with an embodiment.

FIG. 5 is a schematic graphical representation of electro-
magnetic field strength in the frequency domain for various
conditions.

FIGS. 6a and 65 are schematic graphical representations
of electromagnetic field strengths in the frequency domain
for various time intervals and a time series of noted fre-
quency modes over several time intervals, respectively.
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FIG. 7 is a schematic graphical representation of electro-
magnetic field strength sensitivity in accordance with an
embodiment of a variable permeability magnetometer.

DETAILED DESCRIPTION OF THE
INVENTION

In the following description of various examples of the
invention, reference is made to the accompanying drawings
which show, by way of illustration, various example systems
and environments in which aspects of the present disclosure
may be practiced. It is to be understood that other specific
arrangements of parts, example systems, and environments
may be utilized and structural and functional modifications
may be made without departing from the scope of this
disclosure.

In addition, the present disclosure is described in connec-
tion with one or more embodiments. The descriptions set
forth below, however, are not intended to be limited only to
the embodiments described. To the contrary, it will be
appreciated that there are numerous equivalents and varia-
tions that may be selectively employed that are consistent
with and encompassed by the disclosures below.

The present disclosure relates to a magnetic sensor, also
referred to as a magnetometer, employing a coil assembly
having a variable permeability core. The magnetometer is
configured for measuring of low level strength magnetic
fields in the surroundings from natural or man-made events,
e.g., in a frequency response range between 0 and 100 Hz.
Referring to FIG. 1, an example implementation of a coil
assembly 100 used as a magnetic field sensor is shown. Coil
assembly 100 includes a right circular cylindrical search coil
130 wound over a variable permeability magnetic core 110
and coil terminals 150a and 15056 disposed at both ends.

The variable permeability magnetic core 110 has a per-
meability that varies widely with an ambient magnetic field
in order to extend the magnetometer’s low frequency
response sensitivity. Such a permeability response 400 is
shown in the graphical representation of FIG. 4 which shows
a change in relative permeability with changing magnetic
inductance. As shown in FIG. 1, the core 110 includes a foil
strip 115 housed in a coil form 118. For example, coil form
118 may be a plastic cylindrical form, on the order of
approximately 6 inches long and 3% inches in diameter and
foil strip 115 may be approximately 2 inches wide and rolled
up when placed inside coil form 118. Alternatively, the foil
strip 115 may be wrapped around the coil form 118. The foil
strip is comprised of a variable permeability magnetic
material, such as Metglas #2714A cobalt-alloy magnetic
material or any other high permeability magnetic material
which varies in relative permeability from approximately 10
to 1 million.

A measurement of the permeability of the variable per-
meability core is, in effect, a measurement of the ambient
magnetic field strength. The variable permeability magnetic
core results in the inductance of the coil assembly varying
with an ambient magnetic field, such that a measurement of
the inductance of the coil assembly provides a measure of
the magnetic field strength. Thus, rather than following an
LC oscillator varying-frequency-with-varying-inductance
approach, inductance can be measured directly to provide a
magnetic field strength. Further, when a voltage controlled
current source is applied across the terminals, a voltage
across the terminals varies directly with the inductance, such
that a measured voltage across the terminals is a direct
measure of the ambient magnetic field strength.
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