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Abstract The problem of reflection and refraction of antiplane shear (or magneto-elastic)
waves at the interface between two ferromagnetic half-spaces with slipping contact (vacuum
gap) is studied for waves propagating normal to the direction of the applied external mag-
netic field which is assumed to be parallel to the interface. We show the existence of new
waves that are localized near the interface between the two ferromagnetic media and ac-
company the reflected and the transmitted waves. We call the new waves as accompanying
surface magneto-elastic (ASME) waves; their amplitudes depend upon values of magne-
toelastic parameters of the two media and the intensity of the applied magnetic field. We
derive closed-form expressions for magnitudes (coefficients) of the reflected, the refracted
(transmitted) and the ASME waves. We show that for a range of values of the applied mag-
netic field the coefficient of the reflected wave increases and that of the transmitted wave
decreases with an increase in the magnitude of the applied magnetic field; these coefficients
eventually approach 1 and 0, respectively. That is, the applied external magnetic field can
totally eliminate the transmitted wave, and can control energies of the reflected, the refracted
and the ASME waves.
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1 Introduction

Multifunctional materials convert/transduce electrical, thermal, or magnetic energy into me-
chanical energy and vice versa. By suitably combining various active materials it is in prin-
ciple possible to transduce between mechanical, electrical, thermal, and magnetic energies.
Multifunctional materials having coupled electric, magnetic, and elastic parameters that re-
sult in simultaneous ferroelectricity (electro-elastic coupling), ferromagnetism (magneto-
elastic coupling), and ferro-elasticity (magneto-electro-elastic coupling) are known as multi-
ferroics. These multi-ferroic materials have been considered for applications in information
storage, the emerging field of spintronics, sensors, MEMS, etc. [5, 14, 15]. Magnetic field
sensors and magnetoelectric transducers based on multi-ferroic materials are self-energizing
and require no external power to operate. Magneto-elastic interactions in magnetically or-
dered bodies are exploited in high-frequency magneto-strictive transducers, wave filters,
sensors and actuators for smart structures, radio transmitters and seismic devices. Some of
these devices work on the pulsing behavior of magnetoelastic waves and on the conversion
of the fluctuation energy of magnetic spins into mechanical energy [5, 14, 15].

Many recent developments concerning spin waves have been directed towards under-
standing their behavior in limited magnetic samples. At the same time, there have been dra-
matic advances in experimental techniques, both for preparing high-quality magnetic thin
films and superlattices as well as for studying the spin-wave excitations [1–20].

It is well known that due to the ordering induced by a magnetic field ferromagnetic
materials can transmit pure magnetic excitations, known as spin waves [1, 8, 10], that can be
regarded as oscillations in the magnetic moment density propagating through a magnetically
ordered crystal. We can understand the origin of spin waves by considering deformations
of a ferro-magnet at 0 K. In this case, all atomic magnetic moments are aligned and the
configuration corresponds to the minimum energy of the ferromagnet. If we now perturb the
magnetic moment of an atom it will spin about the local effective magnetic field. Due to
interactions between spins of neighboring atoms, the spin will not remain localized at the
original atom but will propagate through the crystal in the form of a wave called a spin wave.

We note that elastic waves can also propagate through a ferromagnetic material and these
waves may interact with the spin waves. The interrelated spin and elastic waves propagating
through a ferromagnetic material are called magneto-elastic or elastic-spin waves [1–4, 6, 7,
9, 11–13, 16–19].

The theory of magneto-elastic coupling in ferromagnets has been presented by Akhiezer
et al. [1] and Kittel [8], and the coupling effect is known as the magnetoacoustic effect since
it yields the excitation of magnons by phonons and vice versa. The pioneering works pre-
sented in [1, 8] were followed by many researchers who studied the propagation of coupled
magneto-elastic waves, see e.g., [1–4, 6–13, 16–19]. In 1961 Damon and Eshbach [3] estab-
lished the existence of a pure “magnetostatic” spin surface wave. One of their findings was
that shear elastic surface waves do not exist in an elastic medium. However, the existence of
shear magnetoelastic waves of Bleustein-Gulyaev type in ferromagnets has been shown by
many authors; see e.g., [10, 11, 18]. The minimal conditions under which a surface mode
of the Bleustein–Gulyaev type waves can be made to propagate in a ferromagnetic substrate
are established in [11, 12].

An important property of such waves is their non-reciprocity, i.e., ω(+α) �= ω(−α),
where ω is the wave frequency and α is the wave number. It has been demonstrated that
magnetoelastic waves generated by mechanical or magnetic fields must be considered in
devices where there is a radiated electromagnetic power generated from a vibrating mag-
netoelastic source. It appears that such waves play important roles in the design of hyper-
sound generators, high-frequency magnetostrictive transducers, and wave filters, as well as
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in acoustic delay lines and wireless acoustic wave sensors where acoustic waves produce
electromagnetic waves and vice versa [5, 10, 15].

The coupled magnetoelastic problems are studied using equations governing the mechan-
ical displacements of a material point, equations describing electronic spin or equivalently
equations of motion of a magnetic moment and Maxwell’s quasistatic equations for a mag-
netic field that account for interactions between lattice and spin continua and a magnetic
field. Here we focus on studying the interaction between the spin (magnon) and anti-plane
elastic (phonon) waves in two homogeneous ferromagnetic half spaces in a magnetic field
with the magnetic polarization perpendicular to the wave propagation direction. The slipping
contact (vacuum gap) is assumed between the boundaries of the two ferromagnetic half-
spaces. Equations governing the infinitesimal amplitudes of waves are linearized about one
domain phase, and we study the reflection and the transmission of magneto-elastic waves
at the interface between the two media. It is shown that the magnitudes of the reflected
and the transmitted waves strongly depend on the wave frequency, the angle of the incident
waves, the intensity of the applied magnetic field, and the mechanical as well as the physical
parameters of the two half spaces. We should add that the propagation of gap waves in piezo-
magnetics, piezoelectrics and piezoelectromagnetics has been investigated in the literature;
see, e.g., [6, 13, 20].

2 Formulation of the Problem

A schematic sketch of the problem studied is exhibited in Fig. 1. We assume that two mag-
netoelastic half-spaces occupying the regions x2 > 0 and x2 < 0 are in a constant magnetic
field �H0 = (0,0,H0). The saturation magnetization per unit mass in each medium is also
directed along the x3-axis, i.e., �μ0 = (0,0,μ0), where μ0 = const. The non-zero mechanical
displacements occur only in the x3-direction, i.e., �u = (0,0, u3(x1, x2, t)), and the mechan-
ical displacement, the magnetic potential, and the magnetization are independent of the x3-
coordinate. The material of each half space has cubic symmetry with the cube axes parallel
to the coordinate axes.

Equations of motion of a magnetoelastic body are [1–7, 9, 10, 17–19, 21]:

∂2u3

∂t2
= c2

0∇2
⊥u3 + μ0f (∇⊥ · �μ), (2.1)

∂μ1

∂t
− ωmb̂μ2 = γ0μ0

∂

∂x2
(ϕ + b̄μ0u3), (2.2)

∂μ2

∂t
− ωmb̂μ1 = −γ0μ0

∂

∂x1
(ϕ + b̄μ0u3), (2.3)

∇2
⊥ϕ = ρ0(∇⊥ · μ), (2.4)

where

∇⊥ =
(

∂

∂x1

,
∂

∂x2
,0

)
, c2

0 = G/ρ0.

In (2.1)–(2.4), G is the shear modulus, ρ0 the mass density of the medium, �μ = �m/ρ0, �m =
(m1,m2,0) the vector of transverse magnetization, ϕ the magnetic potential, γ0 = 1.8 ×
107 (oersted × s)−1 the gyromagnetic ratio, ωm = γ0M0 = γ0ρ0μ0, and μ0 = M0/ρ0 a sat-
uration magnetization of unit mass. Furthermore, b̂ = b + H0/M0 and b̄ = b + f , where b
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Fig. 1 Two magnetoelastic
half-spaces in a magnetic field
with a slipping contact at the
interface

Table 1 Values of material parameters of YIG and Ga-doped YIG

Pure YIG (Yttrium Iron Garnet)

μ0 = 139.3 G ρ0 = 5.17 g/cm3

G = 7.64 × 1011 dyn/cm2 f = 4, b = 0

Ga-doped YIG

μ0 = 27.9 G ρ0 = 5.17 g/cm3

G = 7.64 × 1011 dyn/cm2 f = 20, b = 0

and f are magnetoelastic coupling coefficients, and H0 is the constant external magnetic
field applied to the system. The nonzero magnetoelastic stress components are:

t13 = G
∂u3

∂x1
+ ρ0μ0b̄μ1 and t23 = G

∂u3

∂x2
+ ρ0μ0b̄μ2. (2.5)

Equations for media x2 > 0 and x2 < 0 are obtained from (2.1)–(2.4) by substituting
values of parameters for the particular medium denoted, respectively, by adding subscripts
“1” and “2” to the parameters.

For example, two half-spaces x2 > 0 and x2 < 0 can be made of pure YIG (Yttrium- Iron-
Garnet) Y3Fe5O12 and Ga-doped YIG materials with values of material parameters listed in
Table 1.

The conditions at the interface between the two half-spaces with a slipping contact at the
interface are

ϕ(1) = ϕ(2), (2.6)

∂ϕ(1)

∂x2
− m

(1)

2 = ∂ϕ(2)

∂x2
− m

(2)

2 , (2.7)

t
(1)

23 = 0, (2.8)

t
(2)

23 = 0. (2.9)

Equations (2.6) and (2.7) imply that components of the magnetic field vector parallel to
the interface and components of the magnetic induction vector normal to the interface are
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continuous across the interface. It follows from (2.8) and (2.9) that the interface is traction
free.

3 Solution of the Problem

We seek a solution of (2.1)–(2.4) of the following form

u3 = Uei(px2+qx1+ωt), ϕ = �ei(px2+qx1+ωt),
(3.1)

m1 = M1e
i(px2+qx1+ωt), m2 = M2e

i(px2+qx1+ωt),

where U,�,M1, and M2 are amplitudes of the corresponding physical fields; p and q are
wave numbers in the x2- and x1-directions, respectively. Substituting (3.1) into (2.1)–(2.4)
we get the following characteristic equation for the wave numbers p and q:

(p2 + q2)

(
p2 + q2 − ω2

c2
0 + δωmωH /(ω2 − ω2

0)

)
= 0, (3.2)

where ωm = γ0M0 = γ0ρ0μ0, ωH = γ0ρ0μ0b̂, ω2
0 = ω2

H + ωmωH , and δ = M2
0 b̄f/ρ0.

Equation (3.2) has following solutions:

p1,2 = ±p0 =
√

ω2/s2 − q2, p3,4 = ±i|q|, (3.3)

where s = c0

√
1 + δωmωH /(ω2 − ω2

0)c
2
0 is the speed of propagation of the magnetoelas-

tic shear wave. Solutions p1 = p0 and p1 = −p0 correspond to the incident and the re-
flected waves, respectively, and solutions p3 = i|q| and p4 = −i|q| correspond to the new
waves stimulated by the magnetostriction effect. The waves corresponding to the wave num-
bers p3 = i|q| and p4 = −i|q| exponentially decay as x2 → ∓∞ because ei(px2+qx1+ωt) =
e±|p|x2ei(qx1+ωt) → 0 as x2 → ∓∞. These waves are localized near the interface between the
two ferromagnetic media and accompany the reflected and the transmitted waves, and exist
because of the incident waves on the interface between the two magnetoelastic media. We
call these waves as accompanying surface magneto-elastic (ASME) waves.

We write solutions of (2.1)–(2.4) as (see Fig. 2 for the geometrical representation):
⎧⎨
⎩

u
(1)

3 = UIe
i(−p1x2+q1x1+ωt) + URei(p1x2+q1x1+ωt),

ϕ(1) = a11
1−a11

u
(1)

3 + �1e
i(−q1x2+q1x1+ωt);

(3.4)

Fig. 2 Reflection and
transmission of an incident wave
on the interface between two
ferromagnetic semi-spaces
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⎧⎪⎨
⎪⎩

m
(1)

1 = −a11
∂(ϕ(1)+u

(1)
3 )

∂x1
+ ia21

∂(ϕ(1)+u
(1)
3 )

∂x2
,

m
(1)

2 = ia21
∂(ϕ(1)+u

(1)
3 )

∂x1
+ a11

∂(ϕ(1)+u
(1)
3 )

∂x2
;

(3.5)

in medium “1” with x2 > 0, and

⎧⎨
⎩

u
(2)

3 = UT ei(−p2x2+q2x1+ωt),

ϕ(2) = a12
1−a12

u
(2)

3 + �2e
i(−q2x2+q2x1+ωt);

(3.6)

⎧⎪⎨
⎪⎩

m
(2)

1 = −a12
∂(ϕ(2)+u

(2)
3 )

∂x1
+ ia22

∂(ϕ(2)+u
(2)
3 )

∂x2
,

m
(2)

2 = ia22
∂(ϕ(2)+u

(2)
3 )

∂x1
+ a12

∂(ϕ(2)+u
(2)
3 )

∂x2
;

(3.7)

in medium “2” with x2 < 0. In (3.4)–(3.7) UI , UR , UT equal amplitudes of the incident, the
reflected and the transmitted waves, respectively, and

a1j = ωmjωHj

ω2 − ω2
Hj

, a2j = ωmjω

ω2 − ω2
Hj

, ωmj = γ0ρ0jμ0j , ωHj = γ0ρ0jμ0j b̂j , j = (1,2).

The wave numbers pj , qj (j = 1,2) are related to angles of the incident and the transmitted
waves through p1 = p01 sin(θI ), q1 = p01 cos(θI ) and p2 = p02 sin(θT ), q2 = p02 cos(θT )

where for j = 1,2, p0j = ω/cj ,

cj = cj (ω,μ0j ) = c0j

[
1 + δj

c2
0j

ωmjωHj

ω2 − ω2
0j

]1/2

, ω2
0j = ω2

Hj + ωHjωmj ,

(3.8)
δj = M2

0j b̄j fj /ρ0j , c0j = √
Gj/ρ0j .

Equation (3.8) implies that the speed of the transverse magnetoelastic volume wave strongly
depends on the magnetization of the material and the wave frequency.

At the interface between the two half spaces, Snell’s law gives

q1 = q2 or
cos(θI )

c1
= cos(θT )

c2
. (3.9)

We thus get the direction, θT , of the transmitted wave if the angle θI of the incident wave is
known. Equation (3.9) implies the following:

(1) for c1 > c2, angle θT = cos−1(
c2
c1

cos(θI ));

(2) for c1 < c2, angle θT = cos−1(c2 cos(θI )/c1) is well defined only for θI < θ∗ =
cos−1(c1/c2).

4 Coefficients of Reflected, Transmitted and ASME Waves

We define

KR = UR

UI

, KT = UT

UI

, K1 = �1

UI

, K2 = �2

UI

, (4.1)
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as coefficients of the reflected, the transmitted and the ASME waves, respectively. Boundary
conditions (2.6)–(2.9) lead to the following equation for the determination of KR , KT , K1

and K2: ⎛
⎜⎜⎝

A11 A12 A13 A14

A21 A22 A23 A24

A31 A32 A33 A34

A41 A42 A43 A44

⎞
⎟⎟⎠

⎛
⎜⎜⎝

KR

KT

K1

K2

⎞
⎟⎟⎠ =

⎛
⎜⎜⎝

A1

A2

A3

A4

⎞
⎟⎟⎠ , (4.2)

where

A11 = F1, A12 = 0, A13 = −γ1(a11 + a21), A14 = 0, A1 = −F1,

A21 = a21

1 − a11
, A22 = − a22

1 − a12
, A23 = a11 + a21 − 1,

A24 = −1 + a12 − a22, A2 = − a21

1 − a11
,

A31 = 0, A32 = F2, A33 = 0, A34 = −γ2(a12 − a22), A3 = 0,

A41 = a11

1 − a11
, A42 = − a12

1 − a12
, A43 = 1, A44 = −1, A4 = − a11

1 − a11
,

c
(2)

14

c
(1)

44

= c,

F1 = i tan θI

(
1 + γ1a11

1 − a11

)
− γ1

a21

1 − a11
, F2 = i tan θT

(
1 + γ2a22

1 − a12

)
+ γ2

a22

1 − a12
.

5 Results for Special Cases

We now discuss some cases for which expressions for coefficients KR , KT , K1, K2 have a
simple analytical form.

5.1 Medium “1” is Ferromagnetic and Medium “2” is Vacuum

For this case a12 = 0, a22 = 0, γ2 = 0 and the solution of (4.2) is:

KR = (−2 + a11 + a21)[1 + a11(γ1 − 1)] tan θI − i[a2
11 + (−2 + a11)a21]γ1

(−2 + a11 + a21)[1 + a11(γ1 − 1)] tan θI + i[a2
11 + (−2 + a11)a21]γ1

,

KT = 0,

K1 = 2(a11 − a12)[1 + a11(γ1 − 1)] tan θI

(a11 − 1){(−2 + a11 + a21) tan θI [1 + a11(−1 + γ1)] + i[a2
11 + (a11 − 2)a21]γ1} ,

K2 = 2(a11 + a21)[1 + a11(γ1 − 1)] tan θI

(−2 + a11 + a21) tan θI [1 + a11(γ1 − 1)] + i[a2
11 + (a11 − 2)a21]γ1

.

Magnitudes of the coefficients are:

|KR| = 1, (5.1)

KT = 0, (5.2)
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Fig. 3 Dependence of the
magnitude of ASME wave
coefficients |K1| and |K2| on the
dimensionless frequency for
H = 0.5, θI = 0.001; the
material of the half-space 1 is
YIG and that of 2 is vacuum

Fig. 4 Dependence of the
magnitude of the ASME wave on
the dimensionless frequency �

for H = 0.4, θI = 0.1; the
material of the half-space 1 is
YIG, and that of half-space 2 is
vacuum

|K1| = 2 tan θI |(a11 − 1)(a11 − a21)[1 + a11(γ1 − 1)]|
(a11 − 1)2

√
tan2 θI (a21 + a11 − 2)2[1 + a11(−1 + γ1)2]2 + [a2

11 + a21(a11 − 2)]2γ 2
1

,

(5.3)

|K2| = 2 tan θI |(a11 + a21)[1 + a11(γ1 − 1)]|
(a21 + a11 − 2)2 tan2 θI [1 + a11(γ1 − 1)]2 + [a2

11 + (a11 − 2)a21]2γ 2
1

. (5.4)

Using (5.1)–(5.4) and taking the material “1” to be YIG, we show in Figs. 3 and 4 the depen-
dence of |K1| and |K2| on the dimensionless frequency � = ω/ωm1, the normalized external
magnetic field H = H0/M01 and the angle θI of the incident wave. The dependence of |K1|
on H and � for θI = 0.001 is shown in Fig. 3; we get analogous results for |K2|. From
results exhibited in Fig. 3 we see that the magnitude of the ASME wave strongly depends
on the frequency of the incident wave and on the magnitude of the applied magnetic field.
However, the angle θI of the incident wave has a negligible influence on coefficients |K1|
and |K2|. By appropriately choosing the magnetic field we can concentrate the magnetoelas-
tic energy near the interface between the magnetoelastic media and the vacuum. Numerical
results reveal that for � ≈ 1 (resonant frequencies) the ASME wave coefficients can have
very large values (see Figs. 3, 4, 5 and 6).
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Fig. 5 Dependence of the
magnitude of the ASME wave on
the dimensionless frequency �

for H = 1, θI = 0.1; the material
of the half-space 1 is YIG and
that of half-space 2 is vacuum

Fig. 6 Dependence of the
magnitude of the ASME wave on
the dimensionless magnetic field
for � = 0.01, θI = 0.001; the
material of the half-spaces 1 and
2 are YIG and vacuum,
respectively

5.2 Two Half-Spaces Composed of the Same Ferromagnetic Material

Because values of material parameters of two semi-spaces are the same, therefore, a11 =
a22, a21 = a22, γ1 = γ2. Snell’s law (3.9) gives θT = θI . Omitting details we get

|KR| =
√

R1

R2
, (5.5)

|KT | = 2|(a11 − a21)|(a11 + a21)γ1 tan θI [1 + a11(γ1 − 1)2]√
R2

, (5.6)

|K1| =
2|(a11 − 1)(a11 − a21) tan θI [1 + a11(γ1 − 1)2]|

√
a2

21γ
2
1 + tan2 θI (a11 − a21γ1 − 1)2

(a11 − 1)2
√

R2
,

(5.7)

|K2| =
2|(a11 − 1)(a11 + a21) tan θI [1 + a11(γ1 − 1)2]|

√
a2

21γ
2
1 + tan2 θI (a11 − a21γ1 − 1)2

(a11 − 1)2
√

R2
,

(5.8)
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Fig. 7 For the two half-spaces
made of YIG, the dependence of
the magnitudes of the ASME
wave coefficients on the
dimensionless magnetic field for
� = 0.01 and θI = 0.01

where

R1 = tan2 θI γ
2
1 {−4(a11 − 1)a21 + (a11 + a21)[(a11 − a21)

2 + 2a21]γ1}2

+ [−2a2
21γ

2
1 − 2 tan2 θI (1 − a11 + a11γ1)(−1 + a11γ1)

2],
R2 = (a11 − a21)

2 tan2 θI γ
2
1 {−2(a11 − 1)(a11 + a21) + [(2a21 + (a11 + a21)

2]γ1}2

+ {2a2
21γ

2
1 − 2 tan2 θI [1 − a11 + a11γ1](−1 + a11 − a21γ1)}2.

The dependence of |KR|, |KT |, |K1|, |K2| on the dimensionless frequency � = ω/ωm1 and
on the dimensionless magnetic field H = H0/M01 is shown in Figs. 7–13 when the material
of the two half-spaces is YIG. These results imply the following:

• Values of coefficients |K1| and |K2| of the ASME waves strongly depend on the magnetic
field as well as on the frequency and the angle of the incident wave.

• For a given applied magnetic field, the frequency and the angle of the incident wave
strongly influence values of coefficients |KR| and |KT | of the reflected and the transmitted
waves (see Figs. 9–13).

• There are regions of the applied magnetic field in which the coefficient |KR| of the re-
flected wave increases to one, and the coefficient |KT | of the transmitted wave approaches
zero (see Figs. 9–13). In other words, the applied magnetic field can totally eliminate the
transmitted and the reflected waves.

5.3 Two Different Ferromagnetic Half-Spaces with a Gap Between Them

We assume that the material of half-space 1 is YIG and that of half-space 2 is Ga-doped
YIG; values of parameters for the two materials are listed in Table 1.

The variation with H of coefficients |KT | and |KR| of the transmitted and the reflected
waves is shown in Figs. 14 and 15. From results exhibited in Fig. 15 we see that there is
a range of values of H for which |KT | = 0 and |KR| = 0 (see Fig. 15, region 0.2 < H <

0.4). The magnetic field H , the wave frequency � and the incident wave angle θI strongly
influence values of |KR| and |KT |. Results plotted in Figs. 14 and 15 enable us to conclude
the following.

(a) There is a range of the magnetic field for which both |KR| and |KT | vanish.
(b) For values of the magnetic field H for which |KR| decreases with an increase in the

value of H the coefficient |KT | increases and vice versa.
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Fig. 8 (Color online) For the
two half-spaces made of YIG, the
dependence of the magnitudes of
the ASME wave coefficients on
the dimensionless magnetic field
for � = 0.08 and θI = 0.01 (blue
curve for |K1|, red curve for
|K2|)

Fig. 9 For the two half-spaces
made of YIG, the dependence of
the magnitudes of the coefficients
of the ASME reflected and
transmitted waves for � = 0.08
and θI = 0.01

Fig. 10 For the two half-spaces
made of YIG, the dependence of
the magnitudes of the coefficients
of the ASME reflected and
transmitted waves for � = 0.01
and θI = 0.01

(c) With an increase in the value of the frequency � the range of the magnetic field H for
which |KR| = 0 and |KT | = 0 increases because of the appearance of new intervals.
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Fig. 11 For the two half-spaces
made of YIG, the dependence of
the magnitudes of the coefficients
of the ASME reflected and
transmitted waves for � = 0.01
and θI = 0.001

Fig. 12 For the two half-spaces
made of YIG, the dependence of
the magnitudes of the coefficients
of the ASME reflected and
transmitted waves for � = 0.2
and θI = 0.001

Fig. 13 For the two half-spaces
made of YIG, the dependence of
the magnitudes of the coefficients
of the ASME reflected and
transmitted waves for � = 0.3
and θI = 0.001

(d) The angle θI of the incident wave strongly influences the variations of |KR| and |KT |.
However, for θI > 0.8 there is almost no influence of θI on |KR| and |KT |.
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Fig. 14 Dependence of |KR |
and |KT | on non-dimensional
magnetic field H

Fig. 15 Dependence of |KR |
and |KT | on non-dimensional
magnetic field H

Fig. 16 3D representation of the
dependence of |K1| on the
non-dimensional magnetic field
H and the non-dimensional
frequency �

For θI = 0.001 we have depicted in Fig. 16 the dependence of |K1| on the non-
dimensional frequency � and the non-dimensional magnetic field H . The analogous results
obtained for |K2| are not shown here. It is clear that there is a strong influence of � and H

on values of |K1| and |K2|. These results imply that

(a) there are regions of � and H for which values of |K1| and |K2| monotonically increase;
(b) there are intervals of the magnetic field where values of |K1| and |K2| approach infinity.

6 Conclusions

We have studied the propagation of antiplane shear waves in two ferromagnetic half spaces
with emphasis on the reflection and transmission of waves at the interface between them
where a slipping contact is assumed. The direction of propagation of waves is perpendicular
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to the direction of the spontaneous magnetization in each medium, which is assumed to be
parallel to the interface.

We show the existence of new waves that are localized at the interface between two fer-
romagnetic media and accompany the reflected and the transmitted waves; we call these
waves accompanying surface magneto-elastic (ASME) waves. Expressions for the magni-
tudes (coefficients) of the reflected, the refracted (transmitted) and the ASME waves and the
computed results show that these coefficients strongly depend on the applied magnetic field,
the magnitude of the incident wave, the angle of the incident wave, and values of material
properties of the two media. It is shown that there are regions of the magnetic field and the
frequency of the incident wave for which the coefficient of the reflected wave approaches
one (i.e., the magnitude of the incident wave) and that of the transmitted wave approaches
zero. In other words, the magnetic field can totally eliminate the transmitted and the reflected
waves and can serve as a control parameter for exchanging energies between the reflected
and the refracted waves. Thus the magnetic field can control the magnitude of the ASME
wave.
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