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Abstract: A laboratory educational experiment is presented to determine the characteris-
tics of an oscillating circle under the influence of a neodymium magnet Nd2Fe1sB .The
oscillating circuit is composed of a coil with an inductance of 10.14 H and a capacitance of
1 uF .A transformer is used to convert the alternating voltage from the 220V electrical net-
work into 6V and a frequency of 50Hz. The indicated methodology can be widely used
for developing seminar and laboratory exercises in physics.
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1. Introduction

In modern electrical engineering, oscillatory circuits are widely used for signal gen-
eration and filtering. These circuits are sensitive to external electromagnetic influences.
The influence of magnetic fields on oscillating circuits is important in the design and op-
timization of radios and other electronic systems [4-6]. For example, in radio receivers, it
is necessary to minimize external magnetic influences to ensure stable operation and fre-
quency accuracy. Different design models, questions arise such as: Using magnetic fields
for control and modulation of signals. Measuring magnetic inductance under different
conditions. Similar analyses are presented in work [2-3]. Determination of the magnetic
force in a permanent magnet discussed in work [7] is a factor for increasing the magnetic
flux. Functional dependencies between, magnetic induction and current magnitude, in-
ductance and specific permeability, specific permeability and magnetic

induction, inductance and direct electric current are considered. The magnetic per-
meability u of a given body can be determined by its ability to change the magnitude of
the magnetic induction-B and the intensity H of an adjacent magnetic field. The ability of
a material to be magnetized refers to its permeability under the influence of an external
magnetic field to form magnetic domains. Previous studies of magnetic permeability in-
clude Hall sensor, toroidal method presented in [1]. This allows for the classification of
the material as having diamagnetic, paramagnetic or ferromagnetic properties. The pur-

pose of this report is to consider the influence of a neodymium magnet on the electric
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current, magnetic permeability and magnetic induction and inductance in the oscillating

circuit.

2. Materials and Methods

To consider the magnetic permeability of ferromagnetic materials, it is convenient to
use an oscillating circuit. The oscillating circuit is an electrical circuit consisting of an in-
ductive element coil and a capacitor, which form an oscillating system. Fig. 1a shows a
diagram of a series-connected oscillating circuit. The oscillating circuit includes a trans-
former with an input alternating power supply of 220 V and an output 6 V, and a fre-
quency of 50 Hz, a coil with a radius of R=0.0175 m and a capacitor with a capacity of 1
UF. As can be seen from Fig. 1b In the presence of an external magnetic field, especially
from a strong permanent magnet such as neodymium (Nd;Fe;4B), the characteristics of
this system change. Changes in oscillation frequency, amplitude, and waveform are ex-
pected.
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Figure 1. Flickering circuit diagram

After substituting the frequency and capacitance in formula (1), for the inductance of (2)
we get L=10,13H .
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If we introduce a permanent magnet Nd2FeuB to an oscillating circuit (LC circuit). A per-
manent magnet creates a static magnetic field. It is leads to a change in the distribution of
magnetic flux-®, around the oscillating circle. It is expected that a slight change in the
effective magnetic permeability-u- will be observed .Using an ammeter and a Tesla-meter
we determine the magnitude of the electric current and the magnetic induction The mag-
netic induction measured with the teslameter is 0,5uT The measurements carried out for

the electric current correspond to a harmonic sinusoidal dependence shown in Fig. 2.
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Figure 2. Sinusoidal alternating current

The dependence that describes the harmonic oscillation is represented by (3):

1(t)=1,,, +1,.sin(27f +¢,) 3)

where:laver -average current value ,Io - amplitude of the sinusoidal oscillation .f -frequency
of oscillations Hz.¢ -initial phase, no phase shift is observed, ¢=0,t-time[s].Formula (3)
gives the current at any moment in time, which varies periodically between +1.2 A and -

0.8 A. Substituting the values, we get:

12-08

I, =-"—""=024 4
aver 2 ( )
1,=12708 104 ©

1(¢)=0,2+1,0.sin (27.50.¢) 6)

The magnetic induction B without the influence of the neodymium magnet is 0,47pT.
In this case, I=1.2 A can be used to calculate the maximum magnetic energy in the coil.

After substituting in (7) we get W=7,3]

W=%CU2 =%L12 7)
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We apply an external magnetic field from a neodymium magnet with a force of 49 N, the
diameter of the magnet: 0.01 m and a length of 0.1 m as the magnet is placed on the coil .\We
use a relationship (8), [ 7-8]where if a force F acts on a surface with area A due to magnetic

pressure - ps.

B}

F=p,A= A (8)

Ho

The main dependencies that determine the magnetic permeability are: Circulation of the
magnetic field-H intensity along a closed loop and magnitude of magnetic induction-B.
To test the magnetic permeability, we place the neodymium magnet on the coil.

We calculate the magnetic permeability by:

B
M= )
§ Hel =1 (10)
)78 =§=0,4H/m (11)

The inductance L of a coreless coil is(12),[7] .When a magnet is added to the coil, it partially

changes the magnetic permeabiliti pr..This leads to a change in the inductance in the coil.

2
L — /uO'/ur'N A (12)
[
Ly
—=— (10)
Ly

This leads to a change in the frequency and amplitude of the harmonic curve. A smaller
electric current is observed. Measurements conducted using an ammeter show a lower
current magnitude 12=0,9uA. The graph of the current through the capacitor as a function

of time for an LC circuit is shown in Fig. 3.
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Figure 3. The current through the capacitor as a function of time for an LC

We apply an external magnetic field from a neodymium magnet. The green line shows
the current at resonance (without magnet), amplitude +1.2 uA. The orange line shows the

current with a magnet added to the coil, amplitude +0.9 pA.
3. Results

The permanent magnet does not induce current by itself, but by increasing the inductance it changes
the natural frequency of the oscillating circuit. This leads to a change in resonance with the input

power supply 50 Hz .It reduces the amplitude and, accordingly, the magnitude of the electric current.

4. Discussion and Conclusions

The coil used is without a ferromagnetic core. The measurements conducted with a tes-
lameter and an ammeter show that before placing the magnet on the coil, a higher electric
current and a lower magnetic induction are observed. After placing the magnet on the
coil, a lower current is recorded. The change in magnetic induction can theoretically be
calculated .If B changes due to the approach of the magnet, and L, C are constants. For
two consecutive measurements we can write the following proportion:

1
n: 1=

[—2 (11)

| &

After substituting the obtained values for the electric current and magnetic induction, the

effect of the neodymium magnet on the magnetic induction is:

_ 09 45
0,84

The author/s would like to thank the Research and Development Sector at the Technical Uni-

(12)

versity of Sofia for the financial support.”



Copyright © 2025 by Technical University - Sofia, Plovdiv Branch, Bulgaria Online ISSN 2603-459X

References

1. F.Masaya and Y. Takashi,Method for Measuring Incremental Magnetic Permeability of Magnetic Materials and Construction
of a DC Superposition Estimation Flow by Using It,Omron technics Vol53.011EN2021.6

2. N.B.Caseases,;Kypc obuieit pusukn , Tom 2, M”Hayka”1982.

3. J.P. Anderson,R. J.Blotzer,;Permeability and Hysteresis Measurement,Copyright 2000 CRC Press LLC.

4. David J. Griffiths,Reed College,;Introduction to Electrodynamics, Includes bibliographical references and index. ISBN 0-13-
805326-X.

5. N A Andpmmy, EM,; Teopernueckast  pusuxa :  yua. Ilocob:aasa  Bysos.BIOT.TVIIL. DaekrpoauHaMmKa  CILAOIIHBIX
cpea,usa.crepeot.-M:OVMIBMATANT 2005-ISBN 5-9221-0123-4.

6. S Papadopoulou,;Correlating elastic and plastic deformation with magnetic permeability values,Dpt. of Electrical and Com-
puter Engineering, National Technical University of Athens, Zografou Campus, Athens, 15780, Greece,IOP Conf. Series: Journal
of Physics: Conf. Series 939 (2017) 012003 1234567890 doi :10.1088/1742-6596/939/1/012003

7. A. Umlenska,; Magnetic wheels, external influences on the magnetic force, magnet configuration, optimization, science, tech-
nology,innovation, business 2025.

8. Samue J. Ling, Truman State University Jeff Sanny, Loyola Marimount University William Moebs, Formerly of Loyola

Marymount University, University Physics Volume 2,0OpenStax ,Rice University 6100 Main Street MS-375 Houston, Texas
77005.



