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This study designed a cylindrical non-uniform coil specifically aimed at compensating for the 50Hz radial magnetic field in the MSC.
The single-ended open Magnetic Shielding Cylinder (MSC) structure suffers from uneven magnetic field distribution and residual
magnetism affected by the frequency f after shielding. To address these issues, the distribution of the magnetic field in a 50 Hz power
frequency environment is analyzed in the simulation to set the target magnetic field for the coil design. The final design of the 50Hz
magnetic compensation coil, compared to the static magnetic compensation coil, reduces the magnetic field error from 59.06% to
5.09%. This research is of great help to eliminate the noise of 50Hz power frequency signal and improve the signal-to-noise ratio in
magnetocardiogram (MCG).

Index Terms—Coil design, Magnetic field compensation, Magnetic field shielding, Error fitting, Magnetocardiogram (MCG).

I. INTRODUCTION

agnetocardiography (MCG) requires a near-zero
magnetic environment for signal acquisition. Magnetic
Shielding Cylinder (MSC), due to their single-ended

open structure, suffers from significant external magnetic field
interference[1]. In practical applications, the 50 Hz power
frequency is one of the primary sources of interference and a
major factor influencing imaging results.
In the field of magnetic shielding, high magnetic

permeability materials are typically chosen as passive shields,
as they can effectively block most external magnetic field
interference. The shielding layer experiences stronger eddy
currents as frequency f rises, reducing its relative magnetic
permeability μ . However, in low-frequency thin-layer
materials, this effect is negligible. Within specific frequency
ranges, both μ and shielding effectiveness (SE) increase with f,
driven by enhanced magnetic domain responsiveness[2].
Therefore, it is necessary to analyze the internal magnetic field
distribution within the MSC to obtain a more accurate 50 Hz
magnetic field compensation target.
Based on these challenges, this study analyzes the variation

in the residual magnetism distribution within the MSC under
50 Hz external environmental interference and designs a
cylindrical radial non-uniform coil specifically for 50 Hz
power frequency noise. This method not only addresses the
uneven magnetic field distribution at the open end but also
considers the impact of frequency on the magnetic field
distribution. This research reduces the fitting error of the
compensation coil and further mitigating interference from the
power frequency environment.

II.SIMULATION ANALYSIS OF RESIDUAL MAGNETISM ERROR IN

MSC UNDER 50 HZ POWER FREQUENCY

The practical application of the MSC is shown in Fig. 1.
The internal noise is collected using the QZFM Ⅲ. The noise
signal is processed using Power Spectral Density (PSD)

analysis. It shows that the 50 Hz power frequency signal has a
significant impact.

Fig. 1. Schematic of significant 50 Hz noise in a single-ended open MSC.

The environmental magnetic field is set in COMSOL to
simulate a single-ended open MSC. The magnetic field
strengths in three directions are specified as follows: 4000 nT
in the X-direction, 35000 nT in the Y-direction, and 35000 nT
in the Z-direction. The dimensions of the MSC are a diameter
of 1 m, a length of 2.15 m, and a thickness of 0.0015 m, with
the center of the target region set at (0, 0, 1.5) and a target
volume of 0.25 m × 0.25 m × 0.5 m.
In the simulation, the magnitude of the external magnetic

field is kept constant. Initially, the field is set as static, and
then it is transitioned to a 50 Hz alternating magnetic field to
simulate the environmental conditions at the power frequency.
Through this process, the interaction between the alternating
magnetic field and the MSC is analyzed, assessing the
shielding effectiveness and observing the noise distribution
within the target region. The simulation aims to reveal the
influence of the 50 Hz power frequency magnetic field on the
internal region of the MSC, particularly the magnetic field
leakage at the open end. It can explore potential optimizations
in shielding design or the use of compensation methods to
reduce noise interference.
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Fig. 2. Simulation comparison of residual magnetism distribution in the target
region of the MSC: (a) Static magnetic field (b) 50 Hz magnetic field.

Within the target region, the residual magnetism distribution
expands from a range of 1534.64 nT - 2451.24 nT under static
conditions, to a range of 620.40 nT - 2518.29 nT under the 50
Hz alternating magnetic field. The magnetic field range
increases by 207.06% (from 916.9 nT to 1897.89 nT). The
expansion along the axis is particularly significant, with an
increase of 269.50% (from 616.61 nT to 1661.74 nT). The
change in the magnetic field gradient necessitates a
modification in the coil configuration in order to better match
the target magnetic field.

III. COIL DESIGN AND SIMULATION RESULTS

In the design of the radial coil, the target field method is
used. The coil radius is R=0.5 m, and the height is 2H=1m.
In the coil design process, the current density J satisfies the

continuity condition. It is expressed as:
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By utilizing the periodicity of trigonometric functions, the
coil current is set on a cylindrical plane with a height range of
[-H, H].
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The current density J generates a magnetic field that
satisfies the Biot-Savart law. By equating this to the target
magnetic field, the current distribution can be solved, thereby
determining the coil configuration[3].
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where μ0 represents the vacuum permeability. Pmn is the
coefficient of the required current density expression. m and n
represent the order of Fourier series terms, whose maximum
values are up to 4. r(ρ, φ, Z) and r’(R, θ, z) are the position
vectors of one field point and one source point on the coil
surface.
The coil configurations can be obtained by discretizing

current density J, as shown in Fig. 3. The static environmental
magnetic field and the 50 Hz power frequency environmental
magnetic field which obtained from the simulation by
COMSOL in Fig.2 are used as references Btarget for coil design,
resulting in two different coil design configurations.

(a) (b)
Fig. 3. Magnetic compensation coil dimensions and configurations: (a) Static
compensation coil. (b) 50Hz power frequency compensation coil.

Using COMSOL for coil simulation, the magnetic fields
distribution are obtained, which generated by the static
environmental magnetic field coil and the 50Hz power
frequency environmental magnetic field coil along the axis. In
order to better compare the generated magnetic field trends,
we normalize the magnetic field. After normalization, it is
evident that the static environmental magnetic field coil does
not effectively fit the residual magnetism when a 50Hz current
is applied on it. However, the coil designed for 50Hz operation
performs much better, reducing the error from 59.06% to
5.09%.

Fig. 4. Normalized coil magnetic field and error.

IV. CONCLUSION

This paper designs a radial magnetic compensation coil for
the 50 Hz power frequency signal. Based on the single-ended
open MSC structure, the paper compares the distribution of
internal non-uniform residual magnetism when shielding static
external magnetic fields and 50 Hz external magnetic fields.
The 50 Hz external magnetic field expands the extreme value
range by 207.06%. The simulation compares the errors
between two designed coils. The compensation coil based on
50 Hz field interference can reduce the error from 59.06% to
5.09%. This study enhances the compensation performance of
the MSC's internal magnetic field interference at 50 Hz power
frequency, offering significant practical value.
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