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FERROMAGNETIC DISC AS A SOURCE OF INTERFERENCE AUDIO FREQUENCY RANGE  
 

Показано, що в результаті механічних коливань феромагнітного диску в постійному магнітному полі через зворотній магні-
тострикційний ефект, виникає намагніченість, що змінюється в часі. Це означає, що металеві елементи електронного облад-
нання, які вібрують в магнітному полі можуть бути джерелами низькочастотних електромагнітних завад. Такі джерела меха-
нічних вібрацій мають місце в апаратній кіноконцертного комплексу. Отримані математичні співвідношення для знаходжен-
ня вектору напруженості змінного магнітного поля в об'ємі вібруючого феромагнітного диску. Представлені графіки нормо-
ваних прогинів на резонансних частотах для феромагнітного диску заданих розмірів. Отримані результати дозволили вста-
новити важливий фактор формування ненавмисних електромагнітних завад і становлять практичний інтерес під час проекту-
вання чутливої апаратури. 

Ключові слова: електромагнітна сумісність, магнітне поле, механічні вібрації, кіноконцертний зал, феромагнітний 
диск, низькочастотна завада. 

 
Показано, что в результате механических колебаний ферромагнитного диска в постоянном магнитном поле из-за обратного 
магнитострикционного эффекта, возникает изменяющаяся во времени намагниченность. Это означает, что металлические 
элементы электронного оборудования вибрирующие в магнитном поле могут быть источниками низкочастотных электро-
магнитных помех. Такие источники механических вибраций имеют место в аппаратной киноконцертного комплекса. Полу-
чены математические соотношения вектора напряженности переменного магнитного поля в объеме колеблющегося ферро-
магнитного диска. Представлены графики нормированных  прогибов на резонансных частотах для ферромагнитного диска 
заданных размеров. Полученные результаты позволили выявить важный фактор формирования непреднамеренных электро-
магнитных помех и представляют практический интерес при проектировании чувствительной аппаратуры. 

Ключевые слова: электромагнитная совместимость, магнитное поле, механические вибрации, киноконцертный зал, 
ферромагнитный диск, низкочастотная помеха. 

 
It is shown that, as a result of mechanical oscillations the ferromagnetic disk in a constant magnetic field due to the inverse magne-
tostriction effect, leads to the magnetization varies with time. This means that metallic parts of electronic equipment, with vibration 
under magnetic field conditions may be the sources of low-frequency electromagnetic interference. Such sources of mechanical vibra-
tions can take place in the cinema and concert complex hardware room. Mathematical expressions vector of intensity alternating mag-
netic field in the volume of the oscillating disc of ferromagnetic are derived. The normalized graphics of deflection at the resonant 
frequencies of the ferromagnetic disc set sizes are presented. The results revealed an important factor in the formation of unintentional 
electromagnetic interference and are of practical interest in the design of sensitive equipment. 

Keywords: electromagnetic compatibility, magnetic field, mechanical vibrations, cinema and concert hall, ferromagnetic disc, 
low-frequency interference. 
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Introduction. The topicality of the problem of elec-
tromagnetic compatibility (EMC) in modern conditions is 
constantly growing because of the increasing of sensitivity 
devices, increasing of external interference levels and ex-
pansion of frequency bands and emergence of new func-
tions of electronic equipment. A reasonable example is 
contemporary multiplex (digital cinema & concert hall) 
[1-4], equipped with a variety of energy saturated appara-
tus, high-sensitivity equipment operating in the frequency 
range of sound to gigahertz. 

About creation of the electromagnetic environment 
(EME) by variety of devices in multiplex are described in 
[5-9]. 

However, in the hardware room of a cinema and 
concert complex specific "non-ordinary" sources of unin-
tentional EMI sonic and ultrasonic ranges through elec-
tromechanical units [10] are identified. As a result of ex-
perimental studies, low-frequency electromagnetic fields 
of audible frequency range were identified in the indoor 
cinema and concert hall hardware with a variety of func-
tional equipment. Note that in mobile laboratories, hard-
ware compartment of air and space technology, etc. take 
place different electromagnetic interference on kilohertz 
frequency range that does not come from outside, but un-

intentionally form units as a part of electronic equipment. 
The sources of mechanical vibrations in the cinema 

and concert complex hardware are: supply and exhaust 
ventilation system connected to the projector and the pass-
ing on hardware; operating of moving equipment units 
(rotation: shutter, color wheel, the work of the film path, 
the electric motor (the platter, table rewinder, film projec-
tor, active cooling systems)); resulting vibration of acous-
tic systems operation and so on. 

Suppose that the plate, which is used, for instance, as 
electromagnetic screen, vibrates at a constant or low fre-
quency alternating magnetic field. Mechanical vibration 
pre-magnetized by ferromagnetic is accompanied by de-
formations of small capacity of plates, which causes the 
turns of magnetic domains (reverse magnetostrictive ef-
fect).  

Objective paper: to derive formulas determining the 
intensity of the alternating magnetic field as the electro-
magnetic interference, caused by the vibration of the metal 
units component into electromagnetic environment formed 
by a constant magnetic field. 

 
The bending ferromagnetic disc oscillations in a 

constant magnetic field. Consider a disk (position 1 on 
Fig. 1.), the diameter 2R0 and thickness 2h, and h/R0 << 1. 
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The disc is rigidly fixed in a holder (position 2 in Fig. 1), 
which makes axial harmonic vibrations U0eiωt, where U0 – 
the displacement amplitude of the reliance displacement 
from the equilibrium position, other characters - generally 
accepted.  

The whole of construction is in a constant magnetic 
field, the magnetic induction vector is completely deter-
mined by the axial component zBρ  (ρ, z - the coordinate 
axis of the cylindrical coordinate system whose start is 
located in the middle plane of the disc.  

 

 
Figure 1 – Scheme to solve the ferromagnetic disc vibrations 

problem 
 
Support axial vibrations form in the disk axially 

symmetric harmonic vibrations of lateral bending, as a 
result deflections appear w(ρ)eiωt. The amplitude values of 
deflections w(ρ), i.e. displacement in the axial direction of 
a mid-plane from of the vibrating disk of the equilibrium 
position, determined by the equation [11] 

( ) ( )4 4 0w w∇ − =ρ λ ρ ,                        (1) 
where the differential operator 

4 1 1⎛ ⎞⎛ ⎞⎛ ⎞∂ ∂ ∂ ∂
∇ = ⎜ ⎟⎜ ⎟⎜ ⎟⎜ ⎟∂ ∂ ∂ ∂⎝ ⎠⎝ ⎠⎝ ⎠

ρ ρ
ρ ρ ρ ρ ρ ρ

; λ – the wave index 

of lateral bending of axially symmetric vibrations -

( ) ( )2 2 24
0 03 1R Eh= −λ ω ρ ν ; ρ0, ν and E - density, 

Poisson's factor and Young's modulus of the material disc.  
The general solution of equation (1): 

( ) ( ) ( )0 0w AJ B I= +ρ λρ λρ ,                  (2) 
where A and B are the constants that will be determined; 
J0(λρ) and I0(λρ) - Bessel function and the modified zero-
order Bessel function. 

For structure (Fig. 1) the general solution of (2) must 
satisfy the boundary conditions 

( )0 0w R U= ;   
( )

0

0
R

w

=

∂
=

∂
ρ

ρ
ρ

.                (3) 

By substituting (3) into expression (2), the constants 
A and B are determined and represented in the form: 

( ) ( )
( ) ( ) ( ) ( )

( )
1 0 1 0

0 0 0
0 1 0

I R J R
w U J I

D R I R
⎡ ⎤

= +⎢ ⎥
⎢ ⎥⎣ ⎦

λ λ
ρ λρ λρ

λ λ
,     (4)  

where ( ) ( ) ( ) ( ) ( )0 0 0 1 0 1 0 0 0D R J R I R J R I R= +λ λ λ λ λ  – 
determinant of the system of algebraic equations formed 
by substituting the expression (2) into the expression (3). 

For some values of the argument λR0 function is 

equal D(λR0) = 0. At frequencies which correspond to the 
roots xm (m = 1,2,…) of the equation D(xm) = 0 (x = λR0) 
deflections and deformations in the central part of the vi-
brating disk significantly increase. Obviously, these fre-
quencies mean the resonant frequencies. For the disc size 
h = 10−3 m and R0 = 10−1 m of the nickel brand НП2Т (Ni 
98 %, Ti 2 %) [12] (E = 215 GPa; ν = 0,35 and 
ρ0 = 8,9 · 103 kg/m3) the first four roots of the equation 
D(xm) = 0, i.e. x1 = 3,196221, x2 = 6,306437, 
x3 = 9,439499 and x4 = 12,577131 correspond to cyclic 
frequency, f1 = 492,5 Hz, f2 = 1917,5 Hz, f3 = 4295,9 Hz 
and f4 = 7626,5 Hz. Fig. 2 shows graphs of normalized by 
the value U0 deflections on the referred above four reso-
nant frequencies. The number of the resonant frequency is 
shown in the figure next to the corresponding curve in the 
figure. The calculations were carried out under the as-
sumption that the quality factor is 500. 

Axial displacement of the disc material particles, i.e. 
values uz(ρ) = w(ρ) correspond to the radial shift 
uρ(ρ) = −z∂w(ρ)/∂ρ, where z – the distance from the mid-
plane of the disk. Radial movement generate radial and 
circumferential strain of compression-expansion 

( )u= ∂ ∂ρρ ρε ρ ρ  and ( )u=φφ ρε ρ ρ . These deforma-
tions cause twists of the magnetic domains pre-
magnetized by ferromagnetic disc. Thereby, the mechani-
cal deformations in constant magnetic field form an alter-
nating magnetization in the capacity of ferromagnetic vi-
brating disc.  

 

 
Figure 2 – Normalized deflection of the ferromagnetic disc on 

the first four resonance frequencies 
 
In accordance of the linear approximation [13] gen-

eral phenomenological theory of magnetostrictive effects 
[14] conditioned by mechanical deformations of the vari-
able magnetization is determined by the magnetic induc-
tion vector VB  

0V
m pmnk p nkB m H= ε ; , , , 1, 2,3p m n k = ,           (5) 
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where mpmnk – isotropic tensor component of the fourth 
rank of magnetostrictive constants which is determined: 

( ) ( )1 2
2 2pmnk pm nk pn mk pk mn

m m
m m

−
= + +δ δ δ δ δ δ ,     (6) 

where m1 and m2 – magnetostrictive experimentally de-
termined constant, and m2 ≈ −m1/2; magnetostrictive con-
stants depend on the composition of the ferromagnetic 
material and the magnitude of the magnetizing field [15]. 
Constant 1m  likely not exceed the value 1 H/m; δpm, …, 
δmn - Kronecker’s symbols. In the formulas (5) and (6) 
summation over twice repeated indices is assumed. The 
symbols 0

pH  and εnk identify p-th components of the vec-
tor intensity of constant magnetic field and a component 
tensor of the deformation. 

Since between symbols of the coordinate axis of a 
right-handed Cartesian rectangular coordinate system 
(x1,x2,x3) and symbols of cylindrical coordinate system 
( , , zρ φ ) exist one to one correspondence 1x ⇔ ρ , 

2x ⇔ φ  and 3x z⇔ , then for the problem of the ferro-

magnetic disc vibrations Villari induction vector VB  is 
completely determined by the axial component 

( )0
2

V
z zB m H z F= − ρ ,                        (7) 

where 0 0
33z zH B= εμ  – the axial component of the vector 

of the constant magnetic field in the ferromagnetic disk 
capacity; 33

εμ  – magnetic permeability (a component of 
the tensor of the second rank) in the direction of the bias-
field; ( ) ( ) ( ){ }2 2z F z w w= ∂ ∂ + ∂ ∂⎡ ⎤⎣ ⎦ρ ρ ρ ρ ρ ρ  – 

distribution function of volumetric deformation on the 
radius ρ and the thickness z of the vibratory disc. 

The variable magnetic Villari induction generate 
within the capacity of the conductive disk low-frequency 
electromagnetic field, the characteristics of which must 
obey to the Maxwell equations. Neglecting the displace-
ment currents, these equations are: 

rot H E= σ ;                                 (8) 

rot E i B= − ω ,                               (9) 

where H  and E  - time-dependent amplitude values ac-
cording to the law eiωt of the vectors of the magnetic and 
electric field; σ – specific electric conductivity of ferro-
magnetic (second rank tensor components with the spheri-
cal directional surface); B  – magnetic induction vector in 
the capacity of deformed, pre-magnetized ferromagnetic. 
At linear approximation [13] m-th component of vector 
B  is determined as: V

m m mk kB B H= + εμ , where mk
εμ  – 

component of the permeability tensor, experimentally 
determined in persistence mode (equal to zero) of me-
chanical deformation in a capacity of a ferromagnetic; Hk 
– amplitude value of the time-varying k-th component, 
according to the law eiωt, of the internal magnetic field 
vector, which is stipulated to the rotation of the magnetic 
domains in the capacity of a deformable ferromagnetic 
materials. 

In view of the latter definition, the system of Max-
well's equations (8) and (9) can be rolled into a single 
equation: 

V
mk k mm

rot rot H i H i B⎡ ⎤ + = −⎣ ⎦
εωμ ωσ ,            (10) 

where 
m

rot rot H⎡ ⎤⎣ ⎦  mean m-th component of the vector. 

Since the bending vibrations of the disc have axial sym-
metry, the peripheral component of the vector of the alter-
nating magnetic field 0H =φ , and derivatives ∂ ∂φ  of 
any characteristics of this field are also zero. Considering 
these circumstances, we obtain from (10) the system of 
partial differential equations: 

2 2

112 0zH H
i H

zz
∂ ∂

− + + =
∂ ∂∂

ρ ε
ρωμ

ρ
,               (11) 

2 2

2

1z zH HH H
z z

∂ ∂⎛ ⎞∂ ∂
− + − +⎜ ⎟∂ ∂ ∂ ∂∂ ⎝ ⎠

ρ ρ

ρ ρ ρρ
 

33
V

z zi H i B+ = −εωμ ωσ ,                  (12) 
where 11

εμ  - magnetic permeability in a perpendicular ori-
entation of the constant bias- field. 

The construction of the right-hand side of the equa-
tion (12), defined by (7), suggests that the solution of 
equations (11) and (12) can be found in the form: 

( ) ( ) ( ) ( )
0

, cosk
k

k
H z H z

∞

=

= ∑ρ ρρ ρ α ; 

( ) ( ) ( ) ( )
0

, sink
z z k

k
H z H z

∞

=

= ∑ρ ρ α ,             (13) 

where ( ) ( )1 2 2k k h= +α π . 
Substituting the assumed solution (13) into equation 

(11), we obtain 

( ) ( ) ( )
( ) ( ) ( )2

11
0

cos 0
k

k z
k k k

k

H
H i z

∞

=

⎡ ⎤∂
+ + =⎢ ⎥

∂⎢ ⎥⎣ ⎦
∑ ε

ρ

ρ
ρ α ωσμ α α

ρ
, 

which implies that 

( ) ( )
( ) ( )

2

k
k zk

k

H
H

∂
= −

∂ρ

ρα
ρ

ρξ
,                 (14) 

where 2 2
11k k i= + εξ α ωσμ . 

Excepting with the ratio (14) the radial component 
( ) ( )kHρ ρ  of the equation (12), we reduce it to form 

( ) ( ) ( ) ( ) ( ) ( ) ( )
2

2
2 2

0

1 1 sin
k k

kz z
k z k

k k

H H
H z

∞

=

⎡ ⎤∂ ∂
+ − =⎢ ⎥

∂∂⎢ ⎥⎣ ⎦
∑

ρ ρ
ζ ρ α

ρ ρξ ρ
 

11

1 V
zB= εμ

,                                   (15) 

where 2 2
33 11k k= ε εζ μ ξ μ . 

Since the functions sin(αkz) on the interval −h ≤ z ≤ h 
generate a system of orthogonal functions, i.e. the condi-
tions are performed 

( ) ( )
0 ,

sin sin
,

h

k m
h

k m
z z dz

h at k m−

∀ ≠⎧
= ⎨ =⎩

∫ α α  

it allows us to rewrite equation (15) in a more convenient 
form for further calculations  

( ) ( ) ( ) ( ) ( ) ( ) ( )
2

2
2

1k k
kz z

k z k

H H
H J

∂ ∂
+ − = −

∂∂
ρ ρ

ζ ρ ρ
ρ ρρ

, (16) 
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where 
( )
( )

( )
2 0

2
2

11

8 1

1 2

k
k z

k

h m H
J F

k

−
=

+⎡ ⎤⎣ ⎦
ε

ξ
ρ

π μ
. 

The equation (16) is reduced to a dimensionless, 
relative to argument of the desired function ( )k

zH , form by 
multiplying by the ρ2 

( ) ( )
( ) ( )

22
2 2

2 2

k k
k kz z

k k k z k
kk k

xH H
x x x H J

xx
∂ ∂

+ − = −
∂∂

ρ
ζ

,     (17) 

where xk = ζkρ - dimensionless wave index. 
The solution of the inhomogeneous ordinary differ-

ential equation (17) is found in the standard way of varia-
tion of constants [16], and is written 

( ) ( ) ( ) ( ) ( ) ( )0 0
k

z k k k k k k k kH x A A x I x B x K x= + +⎡ ⎤⎣ ⎦ ,  (18) 
where Ak – coefficient that have been determined, which 
ensures the uniqueness of the solution to the general equa-
tion (17) with zero right-hand side; Ak(xk) and Bk(xk) – 
varying coefficients (functions) that determine a particular 
solution of equation (17); I0(xk) and K0(xk) – modified 
zero-order Bessel function, and Macdonald function [17]. 

Variable factors Ak(xk) and Bk(xk) must satisfy condi-
tion 

( ) ( ) ( ) ( )0 0 0k k k k k kA x I x B x K x′ ′+ = ,             (19) 
that provides a minimum of computations by solving the 
inhomogeneous equation (17). The dotted line in (19) de-
notes the first derivatives of the variable xk. 

In view of condition (19), first and second deriva-
tives of the desired function ( ) ( )k

z kH x  are calculated. 
Substituting these derivatives and supposed view of the 
solution (18) into equation (17), we obtain 

( ) ( ) ( ) ( ) ( )1 1 2

1
k k k k k k k

k

A x I x B x K x J′ ′− = − ρ
ζ

.    (20) 

Condition (19) and equation (20) form a system of 
algebraic equations, which are solved in a unique way 
relative to the quantity A'k(xk) and B'k(xk). Integrating the 
obtained results, we come to the expression for calculation 
of varying coefficients A'k(xk) and B'k(xk): 

( ) ( ) ( )02
0

1 ;
kx

k k k
k

A x xJ K x dx= − ∫ ρ
ζ

 

( ) ( ) ( )02
0

1 kx

k k k
k

B x xJ I x dx= ∫ ρ
ζ

,             (21) 

where x ≡ xk. After variable constants determining it can 
be written that 

( ) ( ) ( ) ( )0
k

z k k k k kH A I Z= +ζ ρ ζ ρ ζ ρ ;             (22) 

( ) ( ) ( ) ( )12
k k k

k k k k k
k

H A I R= − +⎡ ⎤⎣ ⎦ρ
α ζ

ζ ρ ζ ρ ζ ρ
ξ

,    (23) 

where Ak - constants that have to be determined; functions 
Zk(ζkρ) and Rk(ζkρ) are defined by the following relations: 

( ) ( ) ( ) ( ) ( )0 0k k k k k k k kZ A I B K= + =ζ ρ ζ ρ ζ ρ ζ ρ ζ ρ  
( ) ( )0 , ,k

k z kH p F= λ ζ ρ , 

( ) ( ) ( ) ( ) ( )1 1k k k k k k k kR A I B K= − =ζ ρ ζ ρ ζ ρ ζ ρ ζ ρ  
( ) ( )0 , ,k

k kH p F= ρ λ ζ ρ ; 

0 2
0 0 2

33 0
z

hm
H U H

R
= εμ

;      ( )
( ) 2

8 1

1 2

k

kp
k

−
=

+⎡ ⎤⎣ ⎦π
; 

( ) ( ) ( )
( ) ( )

( ) ( ){
2 2

0 2 2
1 04 4

0

, ,k k
z k k

k

R
F I R

D R
= −

−

λζ
λ ζ ρ λ ζ λ

λ ζ λ
; 

( ) ( )
( ) ( ) ( ) ( )

0 0

2 2
1 0 0 0 ;

k

k k

I J

J R I I

− +⎡ ⎤⎣ ⎦

+ + −⎡ ⎤⎣ ⎦

ζ ρ λρ

λ ζ λ ζ ρ λρ
 

( ) ( ) ( )
( ) ( )

2 2
0

4 4
0

, ,k k
k

k

R
F

D R
=

−
ρ

λζ
λ ζ ρ

λ ζ λ
; 

( ) ( ) ( ) ( )2 2
1 0 1 1k k

k

I R J I
⎧ ⎡ ⎤⎪ − + −⎨ ⎢ ⎥
⎪ ⎣ ⎦⎩

λλ ζ λ λρ ζ ρ
ζ

 

( ) ( ) ( ) ( )2 2
1 0 1 1k k

k

J R I I
⎫⎡ ⎤⎪− + − ⎬⎢ ⎥
⎪⎣ ⎦⎭

λλ ζ λ λρ ζ ρ
ζ

. 

Constants Ak provide the absolute convergence of se-
ries (13). An essential feature of the convergence of these 
series is to satisfy the limiting conditions 

( ) ( )lim 0k
kk

H
→∞

=β ζ ρ , where β = ρ;z. Sufficient sign is the 

final value of the sums of functions ( ) ( )k
kHβ ζ ρ  at k → ∞. 

Both features will be in ratios to calculate vector compo-
nents of the alternating magnetic field strength in the vi-
brating drive only in the case where 

( ) ( )
( ) ( )

( ) ( )
2 2

0
1 0 1 04 4

0

k k
k

k

R
A J R I R

D R
= − −⎡ ⎤⎣ ⎦−

λζ ζ
λ λ

λ ζ λ
.      (24) 

In this case, expressions (22) and (23) take the fol-
lowing form 

( ) ( ) ( ) ( )0 , ,k k
z k k z kH H p W=ζ ρ λ ζ ρ ; 

( ) ( ) ( ) ( )0 2 , ,k kk k
k k k

k

H H p W= −ρ ρ
α ζ

ζ ρ λ ζ ρ
ξ

,    (25) 

where   

( ) ( ) ( ) ( )
( ) ( )

( ) ( )
2 2

0
0 1 04 4

0

, ,k k
z k

k

R
W J I R

D R
= −⎡⎣−

λζ λ
λ ζ ρ λρ λ

λ ζ λ
 

( ) ( )1 0 0J R I− ⎤⎦λ λρ ; 

( ) ( ) ( ) ( )
( ) ( )

( ) ( )
2 2

0
1 1 04 4

0

, ,k k
k

kk

R
W J I R

D R
= −⎡⎣−

ρ

λζ λ λλ ζ ρ λρ λ
ζλ ζ λ

 

( ) ( )1 0 1J R I− ⎤⎦λ λρ . 
Thus, the required components of the intensity vector 

of alternating magnetic field in the capacity of the vibrat-
ing ferromagnetic disc are defined by the following, abso-
lutely convergent series 

( ) ( ) ( )
( ) ( )

2

0 0 4 4
0

, , , sink
z z k k

k k

H z H W R p z
∞

=

=
−

∑
λζ

ρ λ ρ α
λ ζ

; 

( ) ( )0 0, , ,H z H W R= −ρ ρρ λ ρ × 

×
( )

( ) ( )
2

2 4 4
0

cosk k
k k

k k k

p z
∞

= −
∑

α λ λζ
α

ξ λ ζ
,              (26) 

where 
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There are obtained formula’s components of alternat-
ing magnetic intensity to give information about the elec-
tromagnetic environment formed by fluctuating ferromag-
netic disc. 

Conclusion. It is proved that the mechanical vibra-
tions  the ferromagnetic details with magnetic field envi-
ronmental conditions are the source of unintentional low-
frequency electromagnetic interference.  

Substantiated and shown complex mathematical 
formulas for calculating the magnetic field intensity for 
describe the electromagnetic environment in order to use, 
if necessary, effective means of ensuring electromagnetic 
compatibility.  
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