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Apparatus for Magnetization and Efficient Demagnetization
of Soft Magnetic Materials
Paul Oxley
Physics Department, The College of the Holy Cross, Worcester, MA 01610 USA
This paper describes an electrical circuit that can be used to automatically magnetize and ac-demagnetize moderately soft magnetic
materials and with minor modifications could be used to demagnetize harder magnetic materials and magnetic geological samples. The
circuit is straightforward to replicate, easy to use, and low in cost. Independent control of the demagnetizing current frequency, amplitude, and duration is available. The paper describes the circuit operation in detail and shows that it can demagnetize a link-shaped
specimen of 430FR stainless steel with 100% efficiency. Measurements of the demagnetization efficiency of the specimen with different
ac-demagnetization frequencies are interpreted using eddy-current theory. The experimental results agree closely with the theoretical
predictions.
Index Terms—Demagnetization, demagnetizer, eddy currents, magnetic measurements, magnetization, residual magnetization.

I. INTRODUCTION
HERE is a widespread need for a convenient and economical apparatus that can ac-demagnetize magnetic materials. It is well known that to accurately measure the magnetic properties of a material, it must first be in a demagnetized
state. For this reason, measurements of magnetization curves
and hysteresis loops use unmagnetized materials [1], [2] and it
is thought that imprecise demagnetization is a leading cause for
variations in the measured dc magnetic properties of soft ferromagnets [3]. Demagnetizing materials is also important for a
range of other applications from demagnetizing steel architectural components [4] to demagnetizing mu-metal used in magnetically shielded rooms [5], [6]. Electromagnets wound on a
magnetic material that are used to change between different
magnetic fields must have the magnetic material fully demagnetized before changing the field. If not, the final field will not be
determined solely by the current in the electromagnet coils, but
also by the residual magnetism in the material produced by the
previous field. There are also applications in the field of geology
where soft magnetic material in rock samples is ac-demagnetized at frequencies of several hundred Hertz in order to measure
the properties of the hard magnetic material also present [7].
The standard procedure to demagnetize a material is to apply
a magnetic field with a direction that changes back and forth
while at the same time the field amplitude reduces to zero. Electrical circuits that are designed to automatically produce an oscillating electrical current of diminishing amplitude can be used
to generate such a magnetic field and here we describe such a
circuit. The amplitude of the oscillating current produced by our
circuit decreases linearly with time since this is the simplest decrease to implement. Other, more complicated time variations
have been proposed [8] but in our tests we find the linear decrease in amplitude sufficient for full demagnetization of our
sample. In addition to demagnetizing, our circuit can be used
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to magnetize a magnetic sample by delivering a current proportional to an input voltage provided by the user and can be used
to measure magnetic properties such as - hysteresis loops
and magnetic permeability.
Our apparatus is simple, easy to use, and economical. It
uses up-to-date electronic components, unlike many previous
designs [9]–[13], which therefore tend to be rather complicated. More recent designs for demagnetization electronics
exist but these do not provide sufficient information for another
researcher to easily reproduce the demagnetization apparatus
[14] or require substantial computer-controlled equipment and
custom-written software to control the demagnetization cycle
[15], [16]. Simply connecting a computer-controlled DAC to a
programmable power supply is an alternative way to produce
a decreasing amplitude sine wave current [17]. This solution
also requires a PC and custom-written software, and would
be significantly more expensive than our system. The finite
voltage and time resolution of a DAC also limit the accuracy
of the demagnetization waveform, especially towards the end
of the demagnetization cycle when the current is small. In our
apparatus the demagnetizing current frequency, amplitude, and
duration can be controlled easily by adjusting potentiometers.
The demagnetizing waveform is fully analogue and the demagnetization cycle can be initiated manually by the push of a
button or automatically by a CMOS compatible voltage pulse.
Below, we describe our circuit in sufficient detail to allow
others to replicate our design. Upon request, we can provide an
electronic printed circuit board file that is ready to submit to a
circuit board manufacturer. This would mean that minimal effort would be required to replicate our design. We also describe
experiments to investigate how the amplitude, duration, and frequency of the demagnetizing field affect the demagnetization
efficiency, as defined by (5). We find that 100% efficiency is
possible and that the variation of efficiency with demagnetizing
field frequency agrees closely with the theoretical prediction.
II. CIRCUIT DESCRIPTION
The circuit consists of two main parts: a voltage to current
converter (V/I) circuit (Fig. 1) that provides a current proportional to an input voltage, and a demagnetizing circuit that pro-
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Fig. 1. Voltage to current converter (V/I) takes an input voltage, V , and produces an output current, I
related to one another by (1). The current is passed
though a coil, L, inside of which is placed the magnetic sample that is to be magnetized or demagnetized. The maximum delivered current depends on the voltage
rating of the op amps and the current rating of the output transistors, respectively (20 V and 12 A for this work).

to a voltage input,
from [18]

, and is given by (1). The circuit is adapted

(1)

Fig. 2. Sinusoidal current waveform with variable amplitude can be used to demagnetize a magnetic sample inside the coil L in Fig. 1. This current waveform
is generated when a similar voltage waveform, produced by the demagnetizing
circuit, is fed to the input of the V/I circuit. The amplitude of the sine waveform
is controlled by a saw-tooth waveform with rise and fall times (t and t ) determined by the timing pulses. Demagnetization takes place during the time t .

duces a sine wave voltage of diminishing amplitude (Fig. 2). The
demagnetizer circuit itself can be divided into three parts: a sine
waveform generator circuit (Fig. 3), a saw-tooth waveform generator circuit (Fig. 4), and a control logic circuit (Fig. 5). Below,
we describe these parts in detail.

A. V/I Circuit
The voltage-to-current converter shown in Fig. 1 produces a
current,
, through a coil, , which encloses the material we
wish to magnetize or demagnetize. The current is proportional

The circuit is highly stable and has a voltage-to-current characteristic that we have measured to be linear to 0.7%.
Resistor
enables the current
to be zeroed when
V, allowing for any imbalance between the output of transistors Q1 and Q2. The transient suppressor, TS1, clamps the
output voltage to a safe level in the event of any high voltage
induced electromotive forces (EMFs) generated by the coil .
acts as a noise suppressor and, since it is in
The capacitor
parallel with , allows the coil to operate in a resonant mode at
(neglecting the coil resistance). This rethe frequency
duces the current delivered by the transistors, whilst maintaining
a higher current through the coil. The increase in current through
the coil is small, however, unless the resistance of the coil is low
, and was not significant in our studies.
B. Demagnetizer Circuit
The demagnetizer circuit produces a sinusoidal voltage with
linearly decreasing amplitude, which is passed to the V/I circuit
to generate the demagnetizing current, shown in Fig. 2. Timing
pulses control the time
it takes for the sinusoidal current to
for the current
ramp up to its maximum value, and the time
when demagnetization
to reduce to zero. It is during time
takes place. The actual value of time is unimportant and is
kept small to reduce power dissipation.
The heart of the demagnetizer circuit is the Exar XR2206
Monolithic Function Generator IC [19]. This circuit is capable
of producing high quality sine, square, triangle, ramp, and pulse
waveforms of high stability and accuracy. When generating a
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Fig. 3. Part of the demagnetizing circuit that produces a sinusoidal voltage with controllable amplitude and frequency. The amplitude is controlled by the voltage
at pin 1 of FG1 up to a maximum amplitude set by R . The frequency is determined according to (2). The symmetry adjust potentiometers R and R allow
one to reduce contributions from higher harmonics of the fundamental sinusoidal frequency. When the offset setup switch SW3 is in the up position the offset
adjust resistor R allows one to easily and accurately ensure that the positive and negative amplitudes of the current waveform are equal.

sine wave we have experimentally found that all harmonics can
dB of the amplitude of the funbe reduced to less than
damental frequency by adjusting the symmetry control on the
XR2206 (see below). Importantly the sine waveform can be
amplitude modulated by applying a control voltage to one of
its inputs. This function is essential for producing a sinusoidal
demagnetizing waveform that reduces linearly from its maximum amplitude to zero. The demagnetizing circuit uses two
XR2206 integrated circuits. The first, FG1 in Fig. 3, produces
a sinusoidal voltage, the amplitude of which is controlled by a
saw-tooth waveform generated by a second, FG2 in Fig. 4. Control logic allows the demagnetization cycle to be initiated manually or automatically (Fig. 5). Below we provide more details
of the operation of the circuits shown in Figs. 3–5.
Fig. 3 shows the circuit containing FG1 that produces a sinusoidal voltage with controllable frequency and amplitude. The
frequency of the sine waveform is determined by capacitor
and the resistors
and
and is given in (2)

(2)
The capacitance can be in the range 0.001 F to 100 F and
the total resistance range is 1 k to 2 M . For the nominal
component values shown in Fig. 3 the frequency range is 0.5 Hz
to 380 Hz.
The maximum amplitude of the sine waveform is set by
with a sensitivity of 60 mV/k . The actual amplitude of the

waveform at any time is controlled by the voltage applied to the
AMSI input at pin 1. When the voltage at pin 1 is zero volts the
amplitude of the output is zero volts. If the voltage at pin 1 is
V the output voltage changes linchanged linearly to either
early to the maximum amplitude that has been set by the ampli. The only difference between
tude control potentiometer
the positive and negative control voltages is the phase of the
output waveform. For our application either positive or negative
control voltage suffices.
The harmonic content of the sinusoidal output can easily be
reduced to less than 0.5% by the symmetry adjustment potentiometers
and
. The adjustment is as follows.
to its midpoint and adjust
for minimum
1) Set
distortion.
set as above, adjust
to further reduce
2) With
distortion.
The offset setup and offset adjust parts of the circuit are used to
optimize the demagnetizing current waveform and are described
below.
Fig. 4 shows the circuit containing FG2 that produces a sawtooth voltage waveform that is used to control the amplitude of
the sine waveform generated in Fig. 3. The circuit in Fig. 4 also
produces the timing pulses that control the rise and fall times of
the saw-tooth waveform. The frequency-shift keying (FSK) facility of the XR2206 IC enables the saw-tooth and timing pulses
to be generated. Depending upon the voltage at the FSK input
(pin 9), one of the two sets of timing resistors are chosen. When
the FSK input is connected to the square wave SYNC output
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Fig. 4. Part of the demagnetizing circuit that generates the saw-tooth waveform used to control the amplitude of the sinusoidal waveform produced by FG1 in
Fig. 3. The time control section determines the rise and fall times of the saw-tooth given by (3) and (4). The saw-tooth bias adjust allows the saw-tooth to be biased
correctly before being applied to the amplitude control input (pin 1) of the sine wave generator FG1. The potentiometer R is adjusted to provide a saw-tooth
amplitude of 4 V required by FG1.

(pin 11), the circuit automatically frequency-shift keys between
these two sets of timing resistors generating a saw-tooth waveform with different rise and fall times. The rise time, , is given
by (3) and the fall time, , is given by (4)

(3)
(4)
For the circuit values shown, the rise and fall times are in
the range 50 ms to 5 s, and 250 ms to 25 s, respectively. The
saw-tooth waveform output at pin 2 is biased about 0.5
,
V, but to correctly control the amplitude of the sine
or
waveform from FG1 the saw-tooth must be biased such that is
has a maximum value of 0 V (the voltage is therefore always
negative, see Fig. 2). The bias adjust circuit allows this to be
done. The amplitude of the saw-tooth can be set to the required
.
4 V using potentiometer
The sinusoidal waveform with the saw-tooth amplitude is
generated repeatedly. The control logic circuit shown in Fig. 5
allows only one cycle to be passed to the V/I circuit by energizing the output relay (Relay 1) for one cycle, in synchronism
with the timing pulses. The passing of the single cycle is initiated either manually by a push switch (SW5), or automatically by a voltage pulse applied to the “automatic demag.” input.
When not demagnetizing, a voltage applied to the “magnetize”
input is passed to the V/I circuit via a normally closed contact
shown in Fig. 1 and can be
on Relay 1. This voltage provides

used to magnetize the sample enclosed within the coil . When a
signal to demagnetize is given, the rising edge of the next timing
pulse energizes the relay to connect one cycle of the demagnetizing waveform to the input of the V/I circuit. At the end of the
demagnetizing cycle, the relay is de-energized. Fig. 15 shows a
full circuit diagram.
Only one adjustment is needed to produce a demagnetizing
waveform that can efficiently demagnetize. This adjustment is
made with switch SW3 in Fig. 3 placed in the “up” position.
Then the amplitude modulation control voltage to pin 1 of FG1
is isolated from the saw-tooth generator. Instead, pin 1 is connected to potentiometer
that allows the amplitude of the
sine wave output to be adjusted to around 20 mV, simulating the
,
voltages expected across the current monitoring resistor,
towards the end of a demagnetizing cycle. At the same time, the
output relay is energized allowing the output current waveform
to be viewed on an oscilloscope. The offset potentiometer
in Fig. 3 can then be adjusted until the positive and negative
amplitudes of the current waveform are exactly equal. In this
way we can typically reduce the dc current offset to less than
1 mA, which is small enough to allow 100% demagnetization
efficiency. Switch SW3 can then be placed in the “down” position ready for demagnetizing. This setup procedure is very quick
and is only required if one changes the maximum demagnetization current amplitude. For our application, it is not envisioned
that this current amplitude will be adjusted once the optimum
maximum amplitude has been determined. Therefore, this set
up procedure need only be carried out once.
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Fig. 5. Control logic circuit is used to allow only one cycle of the saw-tooth amplitude-controlled sinusoidal waveform to be passed to the V/I circuit. This circuit
also allows either manual triggering of a demagnetization cycle via switch SW5, or automatic triggering when a CMOS compatible voltage pulse is applied. All
logic components are 4000 series CMOS components.

The amplitude of the last half cycle of the demagnetizing current waveform is typically less than 10 mA and the current noise
measured by a Keithley 2700 data acquisition system was found
to be 0.2 mA, independent of current magnitude. No glitches
or spikes in voltage or current were observed when the magnetizing coil was detached from the circuit. Such transients could
have a detrimental effect on the demagnetization state of the
sample and on circuit operation.
III. CIRCUIT PERFORMANCE AND RESULTS
A. Experimental Apparatus
To gauge the performance of our circuit, it was used to magnetize and demagnetize an electromagnet formed by winding a
coil around a link-shaped magnetic specimen (Fig. 6). The specimen material is type 430FR magnetic stainless steel with circular cross section, and has a 1 mm slot in it at one point around
the circumference. A magnetizing coil with 1700 turns/m of
copper wire is wound tightly around the specimen. A Hall probe
can be inserted into the slot to measure the magnetic flux density there, and a flux coil of 50 turns is wound on the specimen
at a location opposite the slot. The Hall probe has a flux density

resolution of 0.1 G and to exclude the effect of the earth’s magnetic field the probe was zeroed prior to taking measurements.
By measuring the EMF induced in the flux coil we can determine the change in magnetic flux density, , in the specimen.
We cannot measure the magnetic field, , directly, but it can be
inferred from a measurement of the current through the coil in
the following way. The coercive force of a straight rod of 430FR
steel magnetized by a 4 Hz oscillating field to a maximum flux
density of 1.0 T has previously been measured to be 265 A/m
[20]. For our 430FR link-shaped specimen a 4 Hz current with
amplitude 1.95 A produced a maximum flux density of 1.0 T, as
measured by the flux coil. A measurement of the current and the
flux density in the slot as a function of time showed that a flux
A. Therefore,
density of zero was obtained at a current of
A/m per Amp is used to
a conversion factor of
convert the measured current though the coil to a magnetic field.
This linear conversion is only approximate due to the magnetic
poles that reside in the specimen at either side of the slot.
B. Experimental Tests
To investigate how well magnetic flux in the specimen can be
removed two different methods were employed to measure the
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Fig. 7. Step method can be used to determine the flux density in our specimen.
Two possible initial flux densities are shown (B and B ) and if the saturation
flux density, B , is known these initial flux densities can be measured in the
following way. A large current step is applied to take the material to positive
saturation independent of the initial flux density in the material. Integrating the
EMF induced in the flux coil after this step change in current allows one to
determine the change in flux density (1B ) and hence calculate the initial
= B
1B .
flux density from B

0

Fig. 6. Experimental apparatus used to perform the tests of our demagnetizing
electronics. A link-shaped specimen made from 0.281-in diameter type 430FR
magnetic stainless steel has a 1 mm slot. Into this slot is inserted a Hall probe,
which is used to measure the magnetic flux density in the slot. The specimen
has a magnetizing coil with approximately 1700 turns/m wound on it. A current
passed through this coil, generated by the circuit described in this paper, is used
to magnetize and demagnetize the specimen. When a changing current is passed
through the magnetizing coil the EMF induced in the flux coil is used to measure
the change in magnetic flux inside the steel. The flux coil is connected to an
oscilloscope, which is under computer control to simplify data taking.

flux density. The first was simply to use the reading of the Hall
probe located in the slot. We refer to this as the slot method.
In the second method (the step method) a step in the current
to the magnetizing coil was applied, which was sufficient to
drive the specimen well into saturation, independent of its initial
state of magnetization. The step current was created by feeding
a voltage step from a synthesizer to the “magnetize” input in
Fig. 5. The current step applied was from 0 A to 9 A in a time
of 5 ms and the EMF induced in the flux coil was integrated
to infer the change in magnetic flux density between the initial
magnetization state and positive saturation. From this change in
flux density the initial flux density in the specimen can be determined, as illustrated schematically in Fig. 7.
To determine how efficient the demagnetizing cycle was the
specimen was first magnetized and the residual flux density,
, was measured using both the slot method and the step
method. The specimen was then magnetized again and subsequently demagnetized by a demagnetizing cycle from our circuit. The residual flux density,
, was then measured using
both the slot and the step methods. The efficiency of demagnetization, , is defined as a percentage by (5)

(5)
In order to illustrate the performance of the demagnetizing
electronics we performed three tests. In each test the specimen
was first magnetized by a 5 A dc current. Measurements of the

Fig. 8. Variation of the demagnetization efficiency with the number of field
reversals during a demagnetization cycle for the 430FR specimen. For clarity
the data for the slot method is shifted right by one reversal. The specimen was
initially magnetized to saturation and then a 2 Hz, 460 A/m maximum amplitude
demagnetizing cycle of variable duration was applied. Only two reversals are
needed to remove the majority of the initial magnetization, but greater than 25
reversals are need for complete demagnetization.

flux density in the specimen for various magnetizing currents
showed that 5 A was sufficient to bring the specimen to saturation. At saturation the actual field in the specimen is equal to the
applied field, which for a current of 5 A is 8.5 kA/m.
In the first test the specimen was magnetized by the 5 A dc
current, which was then removed and a 2 Hz, 460 A/m (0.6 A)
maximum amplitude demagnetizing cycle was initiated. The duration of the demagnetizing cycle was varied from 0.25 s to 20 s
corresponding to between one and eighty field reversals. Fig. 8
shows how the efficiency of demagnetization depended on the
number of field reversals present during the cycle. One can see
that there is very good agreement between the measured efficiencies for the slot and the step methods and the observed increase in efficiency with number of reversals is expected. We
find that with only two reversals the efficiency is already quite
high, about 90%, suggesting that the initial reversals are the
most important for removing the bulk of the initial flux density,
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but later reversals are clearly necessary for complete demagnetization. Greater than 25 reversals, which at 2 Hz take 6.25 s to
complete, provides a demagnetization efficiency that is essentially 100%.
The second test investigated how the demagnetization efficiency depended on the magnitude of the applied demagnetizing
field. The specimen was again magnetized to saturation by a 5 A
dc current. This current was removed and a 100 Hz, variable amplitude demagnetizing cycle was initiated. The cycle duration
was 0.5 s during which time the specimen experienced 100 field
reversals. The variation of demagnetization efficiency with magnetic field is shown in Fig. 9. Again there is excellent agreement
between the results using the slot method and the step method.
A demagnetization field amplitude of 380 A/m was sufficient to
fully demagnetize the specimen and we found that a dc field of
380 A/m produced a flux density in the slot equal in magnitude but opposite in direction to that remaining after a 5 A dc
magnetization. Therefore we find that the minimum magnetic
field needed for efficient demagnetization is equal to the field
required to completely reverse the direction of the flux density.
Minimizing the field required for full demagnetization is important for minimizing power loss during the demagnetization
cycle.
For the final test we investigated how the demagnetization efficiency depended on the frequency of the demagnetizing field.
The specimen was magnetized by a 5 A dc current and then demagnetized with a 460 A/m field of variable frequency in the
range 2 Hz to 420 Hz. The duration of the demagnetizing cycle
was varied with frequency so that roughly the same number of
reversals were experienced at each frequency. The number of
reversals at each frequency was between 100 and 125 for all
frequencies except 1 Hz, which had 40 reversals, and 420 Hz,
which had 210 reversals. The data are shown in Fig. 10. Again
the slot and step methods are in excellent agreement and a reasonably high demagnetization efficiency (88%) is observed even
at a frequency as high as 420 Hz. A reduction in the demagnetization efficiency with increased frequency is expected since
eddy currents circulate in the material and shield the interior of
the specimen from the applied magnetic field. This effect is investigated theoretically in Section III-C.

Fig. 9. Variation of the demagnetization efficiency with demagnetizing magnetic field amplitude for the 430FR specimen. For clarity the data for the slot
method is shifted slightly higher in field. The specimen was initially magnetized
to saturation and then a 100 Hz demagnetizing field with variable initial amplitude was applied for 100 reversals. A minimum field of 380 A/m was necessary
for complete demagnetization. This field is just sufficient to completely reverse
the direction of the initial flux density in the material. The solid line is a cubic
fit to the step data and will be used in Section III-C.

Fig. 10. Variation of the demagnetization efficiency with frequency of the
demagnetizing field for the 430FR specimen. For clarity the data for the
slot method are shifted slightly higher in frequency than those of the step
method. The specimen was initially magnetized to saturation and then a
variable frequency, 460 A/m amplitude demagnetizing field was applied for
at least 40 reversals. High demagnetization efficiency (88%) is possible at a
frequency as high as 420 Hz, despite eddy current shielding. The flux density
remaining after demagnetization at 420 Hz was in the same direction as the
initial magnetization.

C. Eddy Current Theory
Higher frequencies of applied field induce larger eddy currents, which provide greater magnetic field shielding. A theoretical formulation of this effect is now given in order to compare to our experimental results in Fig. 10. In an infinitely long
solid cylinder with a field applied parallel to the cylindrical axis
the field inside the material,
, satisfies the diffusion-type
equation given in (6)

(6)

of (6) originates from the induced EMF in the rod caused by
a changing magnetic flux, and gives rise to the eddy currents.
the solution
For a sinusoidal applied field of frequency
to (6) is of the form
and (6) becomes the
zeroth order Bessel’s equation given in (7)

(7)
The solution to (7) involves the Kelvin Functions
and is given in (8)

where is the distance from the axis of the rod, is the relative
permeability of the material that is assumed to be constant, and
is its electrical resistivity. The term on the right-hand side
Authorized licensed use limited to: UNIVERSITY OF CONNECTICUT. Downloaded on October 20, 2009 at 13:12 from IEEE Xplore. Restrictions apply.
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Fig. 11. Hysteresis loop used to determine the effective permeability of the
430FR specimen. The ratio of the maximum flux density to the maximum applied field at the tip of the loop gives the effective permeability, according to
(11).

3281

Fig. 12. Variation of effective permeability with applied magnetic field, H =
nI , for the range of applied fields used when taking the data shown in Figs. 8–10.
The solid line is a fourth order polynomial fit used to determine an average effective permeability,  , of 235. This value is used in (12) and (10) to determine

the theoretical variation of magnetic field inside the specimen.

where
and

is the field at the surface of the cylinder of radius
. The Kelvin functions are given in (9)

,

(9)
The fraction of the surface field at a given position is given
in (10)

(10)
Equation (10), along with the definition of , applies to an
infinite cylindrical rod, or equally well to a complete magnetic
loop. For a specimen containing a slot however, the flux density
is lower than that in a complete loop due to the presence of
magnetic poles at the ends of the specimen next to the slot. The
, where
is the
flux density is lower by a factor of
effective permeability, given by (11)

(11)
where
is the applied magnetic field, and the number of
turns per meter in the magnetizing coil (1700 for our specimen).
The reduction in flux density, and therefore in eddy currents, due
to the slot can then be accounted for by using
instead of
on the right-hand side of (6) and in the definition of

(12)
The effective permeability was straightforward to determine
experimentally. A 4 Hz sinusoidal current was passed through
the magnetization coil wound on the specimen by feeding the
signal from a synthesizer to the “magnetize” input in Fig. 5.
The EMF induced in the flux coil was then integrated to infer
the change in flux density during this cycle. The flux density

can then be plotted against the applied field to produce the hysteresis loop, as shown in Fig. 11. By using different current and
therefore applied field amplitudes, the tips of the loops produced
allowed us to determine the effective permeability, Fig. 12. The
range of applied fields in Fig. 12 is the same range of fields used
when taking the data shown in Figs. 8–10. The average effective
permeability is 235 and this value can be used in (12) and (10) to
determine the variation of magnetic field inside our specimen.
Since we know experimentally how the demagnetization efficiency, , varies with magnetic field (solid line, Fig. 9) and we
now know in theory how the magnetic field varies with position inside the specimen (10) we can deduce the expected vari. This is shown in Fig. 13
ation of inside the specimen,
for an applied field of frequency 420 Hz and a resistivity value
of
m for 430FR stainless steel [21]. The average
demagnetization efficiency over the cross-sectional area, , is
defined as

(13)

The theoretical value of
% derived from Fig. 13 is in
close agreement with the experimentally determined value of
88% demagnetization efficiency at 420 Hz.
IV. CIRCUIT PERFORMANCE USING SOLENOIDS
The above results illustrate the ability of our circuit to completely demagnetize a magnetic specimen by passing a current
through a coil wound directly on the specimen. An alternative
situation of placing a sample that one wishes to demagnetize inside a solenoid would be useful for demagnetizing straight magnetic rods and geological samples. Here, we provide a brief theoretical guide as to the performance of our circuit when used in
this configuration.
When demagnetizing samples the most important consideration is the maximum attainable magnetic field. The maximum
magnetic field that can be generated in a solenoid connected
to our circuit is determined by the solenoid impedance in
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The magnitude of the current passing through the solenoid is
given by (15)

(15)

Fig. 13. Variation of demagnetization efficiency,  , with distance, r , from the
symmetry axis of the specimen. The curve combines the experimental variation (H ) from Fig. 9, solid line, and the theoretical prediction for the variation H (r ) in (10). In (10) a permeability of 235 and an electrical resistivity of
7:8
10
m are used. The demagnetization efficiency is lower near the
axis due to eddy current shielding of the applied demagnetizing field. The average efficiency over the cross sectional area of the specimen, , is 86%, in good
agreement with the experimental value of 88% (Fig. 10).

2

1

where
is the voltage rating of the op amps U1, U2, U3, and
U4 in Fig. 1, and is the saturation voltage drop across the transistors Q1 and Q2, which was 3 V for the transistors used here.
Fig. 14 shows how the current through the solenoid varies with
, for two different values of : 20 V
the total impedance,
as used in our apparatus, and 45 V, which can be obtained using
higher voltage op amps (e.g., OPA445AP). Since the magnetic
field inside the solenoid is proportional to the current, the max,
imum attainable field is determined by the quantities
V). Equation (16) gives the magnetic
and (assuming
field, , at the center of a solenoid of diameter and length ,
with turns/m

(16)
As an example a 20 cm long solenoid with diameter 3 cm wound
with three layers of 1 mm diameter wire carrying a 1 Hz current
has a total impedance of 1.4 . From (15), or Fig. 14, a maximum current of 12 A could be obtained using 20 V op amps and
a current of 30 A using 45 V op amps. Equation (16) predicts
A/m
magnetic fields at the center of the solenoid of
and
A/m for the two current values.
Fig. 14. Maximum current that can be provided by our circuit depends on the
total impedance seen by the circuit. The total impedance includes the impedance
of the coil in series with the sense and monitor resistors (both 0.10 ). Two
theoretical curves are shown, one when using op amps rated at 20 V (as in this
work) and one with 45 V op amps, which could be used instead to provide higher
current.

series with the sense and monitor resistors
and
(both 0.10 ). The total impedance is given by (14)

(14)
and is the frequency of the alternating curwhere
rent in the solenoid (during demagnetization, for example) and
and are the resistance and inductance of the solenoid. In
general the inductive impedance of the solenoid depends on
the magnetic sample placed inside. Since this is different for
every sample we simply assume in (14) the impedance of an
empty solenoid. We note though that [22] calculates the inductive impedance of a solenoid surrounding a magnetic core that
could, along with a measurement of the phase lag between magnetic field and flux density, be used to take into account the effect
of the magnetic sample.

V. CONCLUSION
We have constructed and tested an electronic apparatus that
can be used to magnetize and demagnetize magnetic specimens. The circuit has been shown to demagnetize with 100%
efficiency a link-shaped specimen constructed of magnetic
stainless steel. The tests performed using our circuit demonstrate the circuit abilities and give results that are consistent
with eddy current theory. A more comprehensive comparison
between theory and experiment could be undertaken in the
future. By choosing higher voltage and current components
our circuit can generate larger magnetic fields suitable for
demagnetizing harder magnetic materials or geological samples, and we have given a theoretical analysis of the circuit’s
performance for such an application.
APPENDIX
See Fig. 15.
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Fig. 15. Entire circuit layout indicating how the four circuits shown in Figs. 1, 3, 4, and 5 connect together.
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