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We study the focusing of bulk and surface spin waves in thin ferromagnetic films. This is done by first
solving the implicit dispersion relation obtained from the magnetostatic Maxwell equations. We then obtain
slowness surfaces �constant frequency curves in k-space� for the first four bulk modes and one surface mode.
The focusing pattern is obtained from the slowness surface by finding the normal to the slowness surface and
then evaluating the curvature at each point on the surface. Numerical examples are given for two materials,
yttrium iron garnet and iron. It is found that the bulk modes are focused in four to eight distinct directions
depending on the frequency and the applied magnetic field. For magnetostatic modes, the surface waves are not
focused as strongly as the bulk waves. Also, we study the effect of the exchange interaction on the focusing
pattern of both the bulk and surface waves. This is carried out by numerically solving the magnetostatic
Maxwell equations along with the equations of motion for the magnetization in thin film to obtain the slowness
surface and the focusing pattern. It is found that while the bulk wave focusing is not substantially affected by
the exchange interaction, the surface waves now become as strongly focused as the bulk waves. In both cases
the focusing direction is tunable with the frequency and applied field.
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I. INTRODUCTION

There has been substantial interest on the focusing of bulk
and surface phonons in elastic solids. Many theoretical1–4 as
well as experimental works5,6 were carried out and there was
excellent agreement between theory and experiment. Phonon
focusing can be obtained, for example, by exciting a crystal
at typical phonon frequencies using a pulsed laser beam. In
an elastically anisotropic crystal, the energy transferred to
the crystal by the laser beam travels away, not in circular
waves, but in highly focused directions known as caustics.
Theoretically, one can find the focusing directions by finding
the response function of the material to an oscillating point
source and evaluating it a far distance from the source.3,7

It is reasonable to consider if other types of modes might
exhibit focusing effects. One of the requirements for focus-
ing is that there is some anisotropy in the system so that the
group velocity and the phase velocity point in different di-
rections. In the phonon focusing this occurs because of the
inherent anisotropy of the crystals. In magnetic materials,
one has the additional advantage of being able to tune the
degree of anisotropy by applying an external magnetic field,
and the resulting focusing patterns are therefore also tunable.

We will first study the focusing behavior of magnetostatic
waves. Magnetostatic modes in ferromagnets have been
studied extensively in both theory and experiment.8–10 They
propagate in the microwave region and their frequency de-
pends on the magnitude of an applied magnetic field and the
properties of the particular ferromagnet. For a thin ferromag-
netic film both the volume and surface modes appear as dis-
crete sheets within a band of frequencies. The surface mode
has a frequency above the volume modes and is localized on
either the top or bottom of the thin film depending on the
direction of propagation. Furthermore, for backward volume
waves and surface modes the phase and group velocities
point in different directions. Thus it makes sense to examine

focusing of the magnetostatic modes in thin ferromagnetic
films.

Apart from the usual thin film geometry, magnetostatic
modes have also been studied in a number of different ge-
ometries with finite dimensions using several different ap-
proaches including the variational11 and quantized slab
methods.12 In the case of finite geometries, such as rectangu-
lar film, one has to consider the edge effects due to the mag-
netization pattern which stops abruptly at the edges unlike
the infinite plane. This produces end effects which result
from the nonuniformity of the dc magnetization field gener-
ated by the magnetic poles at the sample ends. The edge
effects have the largest effect in the frequency of the lowest
mode number and strongly affect the spacing between the
modes.13 On the other hand, the nonuniform demagnetizing
field leads to a position dependent wave number for the
modes.13 Recently, a number of analytical and numerical
techniques have been used to study modes in finite geom-
etries where exchange is also included.14–17 In the present
paper, we consider a film only with finite thickness and
hence we do not include the edge and end effects.

In this paper, we investigate the focusing of surface and
backward volume waves �hereafter called as bulk waves� in
two different magnetic materials, viz. yttrium iron garnet
�YIG� and iron �Fe�. This study is carried out by first solving
the magnetostatic Maxwell equations in a thin magnetic film.
Then the slowness surfaces �constant � curves in k-space�
are obtained for the bulk and surface modes. The focusing
pattern is obtained from the slowness surface. We observe
that for frequencies near the top of the bulk spin wave band,
the bulk modes are focused in eight distinct directions. Bulk
modes which occur in the lower frequency portion of the
spin wave band are focused into four different directions.
Also we find that, for the magnetostatic waves, surface
modes are not focused as strongly as the bulk modes. Fur-
thermore, we study the effects of the exchange interaction on
the focusing pattern of bulk and surface waves. To do this,
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we numerically solve the magnetostatic Maxwell equations
along with the equations of motion for the magnetization to
obtain the slowness surface and focusing pattern. We find
that the focusing patterns of bulk waves are not much af-
fected while the surface waves become focused when ex-
change is added. Finally in both the cases, the focusing di-
rections are shown to be tunable with frequency and applied
field, indicating that this effect might be useful in signal
processing devices such as tunable filters and frequency
splitters.

The paper is organized as follows. In Sec. II, we obtain
the implicit dispersion relation for magnetostatic spin waves.
The implicit dispersion relation is solved numerically to ob-
tain the slowness surface for several magnetostatic modes at
different frequencies and applied fields for YIG and Fe and
the corresponding focusing pattern is discussed in Sec. III.
Section IV gives an outline of the calculations including the
exchange interaction, and we discuss the exchange effects on
the focusing pattern in Sec. V. Finally, in Sec. VI we con-
clude and discuss possible experimental measurements.

II. THEORY OF DIPOLAR WAVES

The geometry is shown in Fig. 1. The two surfaces of the
ferromagnetic film lie parallel to the x-z plane at y= +d /2
and y=−d /2. An applied magnetic field H0 is also parallel to
the surfaces and in the z direction. The theory of magneto-
static modes in ferromagnetic thin films is well known, and
hence we only give a brief outline with the necessary equa-
tions for our investigation. The complete theory is given in
Ref. 18.

The permeability tensor for a ferromagnetic material is
given by19,20

�� ��� = ��1 − i�2 0

i�2 �1 0

0 0 1
� , �1�

where

�1 = 1 − 4�� �2H0Ms

�2 − �2H0
2� �2�

and

�2 = � 4���Ms

�2 − �2H0
2� . �3�

In these equations, � is the gyromagnetic ratio, Ms is the
saturation magnetization of the ferromagnet, and � is the
angular frequency.

In the long-wave length limit one can use the magneto-
static form of Maxwell’s equations to obtain the Walker
equation for the magnetic scalar potential �=��x ,y ,z , t� us-
ing the permeability tensor in Eq. �1�. The Walker equation
for � has a wave solution of the form exp�iky�exp�i�kxx
+kzz−�t��, where k= ± 	q
 	�sin2 �+ �cos2 � /�1� is the wave
vector normal to the film, kx= 	q
 	sin � and kz= 	q
 	cos � are
the wave vectors in the x-z plane. Here q
 =�kx

2+kz
2 and � is

the angle between the z axis and q
 as shown in Fig. 1. The
above definition of k corresponds to bulk waves. For surface
modes k= ± i�, where �= ± 	q
 	�sin2 �+ �cos2 � /�1� and out-
side the film k= ± i 	q
	. Here � is the angle between q
 and
the x-axis. For proper decay in each region, one can write
k=−i 	q
	 for y	−d /2 and k= i 	q
	 for y
d /2. Using these
definitions, the potentials in each region can be determined.
Following this, the boundary conditions which require that
the potentials and the normal components of B should be
continuous at y= ±d /2 can be applied to obtain the following
dispersion relation:

��1 − 	q
	���2 + 	q
	�exp��d� − ��1 + 	q
	���2 − 	q
	�exp�− �d�

= 0, �4�

where �1=�2kx−��1 and �2=�2kx+��1. The specific dis-
persion relation for the volume and surface modes can be
easily written from Eq. �4�.

Detailed theoretical calculations for the focusing of
phonons and magnetoplasmon polaritons21 have already been
carried out. We summarize the key behaviors as follows. One
starts by finding constant-frequency curves in the kx and kz
plane. Such curves are known as “slowness surfaces.” The
focusing pattern is then found by traveling around the slow-
ness surface and at each point calculating the normal to the
surface. The normal indicates the direction of the energy
flow. The magnitude of the energy sent in that direction is
proportional to 1/a1/2, where a is the curvature of the slow-
ness surface at a given point. When the curvature is zero, one
finds a “caustic” in that the power flow diverges. However,
even without a caustic, one can find substantial focusing of
the energy as we shall see in Sec. III.

III. NUMERICAL RESULTS AND DISCUSSION

We have solved Eq. �4� numerically for two different fer-
romagnetic materials, viz. YIG and Fe for different magni-
tude of applied fields. The bulk frequency ranges from
�H0 to ��H0�H0+4�Ms�. To give a sense of typical numeri-
cal ranges, the Ms values, the bulk mode frequency range,
and the surface mode frequency in the limit kxd→� for YIG
and Fe are given in Table I for different applied fields.

We begin our study of focusing by examining bulk modes
in YIG. Figure 2 shows the slowness surfaces and focusing
patterns for the first bulk mode in a 1-�m thick YIG film

FIG. 1. Geometry of the film for calculating the magnetostatic
modes. The applied field and the saturation magnetization are par-
allel to the surface of the film. The wave vector q
 makes an angle
� with the z direction.
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with an applied field of 1 kOe and at three different frequen-
cies. At the lowest frequency, the slowness surface extends
only over a small portion of k-space. In Fig. 2�a� the curva-
ture of the slowness surface always has the same sign, so
there is no true focusing of energy onto a caustic. Nonethe-
less, the outgoing energy from the point source does leave
primarily in four particular directions because the curvature
of the slowness surface varies at different points in k-space.
Figure 2�b� shows a very different situation found at higher
frequency. Here the curvature of the slowness surface goes to
zero at several points and one finds a substantially different
pattern with the energy focused along eight true caustics.
�Note the scale difference between the focusing patterns in
Figs. 2�a� and 2�b�.� This is a general pattern that we find in
our results, i.e., the number of caustics is larger when � is in
the upper portion of the bulk spin wave spectrum. At higher
frequencies, Fig. 2�c� the energy is again focused into eight
caustics, but the directions are substantially different. Thus
this system can be used to separate signals of different fre-
quencies and has potential as a signal processing device.

Figure 3 shows how the slowness surfaces and the focus-
ing pattern changes when the external field is varied and the
frequency held at a single value of 4.5 GHz. In Fig. 3�a�,
where the field is 1 kOe, we again see focusing into eight
caustics. As the field is increased the focusing directions

change and at the field of 1.4 kOe there are no true caustics,
but some weak focusing remains. �Again, note the different
scale between Figs. 3�b� and 3�c��.

This behavior is consistent with our earlier results. As the
field is increased, the bulk spin wave band is moved to
higher frequencies. Thus the fixed frequency of 4.5 GHz is
near the top of the bulk spin wave band at low fields, but
moves toward the bottom of the band as the field increased.
Again, true focusing along a caustic disappears as the fre-
quency approaches the bottom of the spin wave band.

As is well-known from phonon focusing studies, both
bulk and surface modes can exhibit focusing. In Fig. 4 we
show the slowness surface and the focusing pattern for the
surface mode in YIG. It is well-known that the magnetostatic
surface mode in a thin film is nonreciprocal in the sense that
the wave is localized at the upper surface of the film for
propagation from right to left across the magnetic field and is
localized at the bottom surface for propagation in the oppo-
site direction. Because of this we have drawn to slowness
surface and focusing pattern for kx
0 to represent the results
that might be seen on the upper surface of the film.

It is easily seen that the curvature of the slowness surface
for the surface mode is never zero. Thus there are no true
caustics for surface mode focusing. However, the curvature
is not constant over the slowness surface, so substantially

TABLE I. Magnetization saturation values and frequency ranges for the magnetostatic bulk and surface
modes in YIG and Fe for different magnitudes of applied field.

Material
Ms value

�G�

H0=1 kOe H0=1.2 kOe H0=1.4 kOe

Frequency
range

for bulk
modes
�GHz�

Surface
mode

frequency
�GHz�

Frequency
range

for bulk
modes
�GHz�

Surface
mode

frequency
�GHz�

Frequency
range

for bulk
modes
�GHz�

Surface
mode

frequency
�GHz�

YIG 1.3102 2.8–4.6 5.2 3.4–5.2 5.7 4.0–5.9 6.3

Fe 1.7103 2.8–13.5 33.5 3.4–14.9 34.0 4.0–16.1 34.6

FIG. 2. The upper panel shows the slowness surface and the
lower one is the focusing pattern for the lowest bulk mode in YIG
with an applied field of 1 kOe at �a� 3.5 GHz, �b� 4 GHz, and �c�
4.5 GHz. The arrows on the slowness surface in �c� show the nor-
mals to the slowness surface at some of the points where the cur-
vature is zero.

FIG. 3. The upper panel shows the slowness surface for the
lowest bulk mode in YIG at a frequency of 4.5 GHz with an applied
field of �a� 1 kOe, �b� 1.2 kOe, and �c� 1.4 kOe. The lower panels
show the resulting focusing pattern in a polar format. The arrows on
the slowness surface in �a� show the normals to the slowness sur-
face at some of the points where the curvature is zero.
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more energy is sent out in some particular directions. The
focusing directions for the surface mode are also tunable
with an external field, but substantial changes in field pro-
duce only relatively modest changes in the focusing direc-
tions when compared to the bulk-wave results.

For comparison, in Figs. 5 and 6 we have plotted the
slowness surfaces and focusing patterns for the bulk and sur-
face modes in Fe for different magnitudes of the applied
field. One can also study the focusing pattern by changing
the frequency at a constant applied field as done in the case
of YIG. The results are similar to that of YIG, although the
relevant frequencies are very different. In particular, the bulk
modes generally display focusing into eight directions, while
the surface modes show weak focusing into two directions.

Up to now, we have concentrated on the surface mode and
the first bulk mode. Of course, there are many other bulk
modes which also could be excited and which should show
focusing. In Fig. 7 we show the slowness surface and the

focusing directions for the first four bulk modes in YIG at
different frequencies and with an applied field of 1.2 kOe.
We have used a different format to present the data in order
to distinguish the modes. Only half of the slowness surface is
shown for each mode, and the focusing pattern is shown as a
function of angle rather than in a polar plot format. We see in
Fig. 7�a� that, for the low frequency case, none of the spin
wave modes are truly focused, i.e., there are no caustics,
however they all show a substantial increase in power di-
rected in the small range of angles 	� 	 	40–60°. At the next
frequency of 4.5 GHz, the first bulk mode has a true caustic,
but all the remaining bulk modes are not strongly focused.
Finally, at the highest frequency shown, 5.2 GHz, all the
bulk modes display focusing with true caustics, and the fo-
cusing pattern for each mode is different.

IV. THEORY OF DIPOLE-EXCHANGE WAVES

In this section we study the effect of exchange interaction
on the focusing pattern. Again, we only outline the calcula-

FIG. 4. The upper panel shows the slowness surface and the
lower one is the focusing pattern for the surface modes in YIG �a�
H0=1 kOe, �=5.2123 GHz, �b� H0=1.2 kOe, �=5.7863 GHz, and
�c� H0=1.4 kOe, �=6.3603 GHz.

FIG. 5. The upper panel shows the slowness surface and the
lower one is the focusing pattern for the lowest bulk mode in Fe at
a frequency of 12 GHz with an applied field of �a� 1 kOe, �b�
1.2 kOe, and �c� 1.4 kOe. The arrows on the slowness surfaces
show the normals to the slowness surface at some of the points
where the curvature is zero.

FIG. 6. The upper panel shows the slowness surface and the
lower one is the focusing pattern for the surface modes in Fe: �a�
H0=1 kOe, �=33.13 GHz, �b� H0=1.2 kOe, �=33.70 GHz, and
�c� H0=1.4 kOe, �=34.27 GHz

FIG. 7. The upper panel shows the slowness surface and the
lower one is the focusing pattern for the different order bulk modes
in YIG with an applied field of 1.2 kOe at �a� 4 GHz, �b� 4.5 GHz,
and �c� 5.2 GHz.
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tions. We use the same geometry given in Fig. 1. The calcu-
lation includes the usual magnetostatic Maxwell equations
along with the equations of motion for the magnetization
given as

− i�m�r� = �iz  �Mshd − �H0 − ��2�m . �5�

Here, iz is the unit vector along the z-direction, hd=−�� is
the bulk demagnetizing field, m= �mx, my� are the oscillating
transverse components of the magnetization, H0 is external
field, and the parameter � is exchange stiffness constant.
Combining the linearized equations of motion with the mag-
netostatic form of Maxwell’s equations we obtain three equa-
tions for the three unknowns, mx, my, and �:

�
i� �H − D�2 �Ms

�

�y

�H − D�2 − i� �Ms
�

�x

− 4�
�

�x
− 4�

�

�y
�2 ��mx

my

�
� = 0, �6�

where �H=�H0 and D=��. As in the case of dipolar waves,
one can assume the plane wave solution for magnetization
and scalar potential inside the film and obtain a sixth-order
polynomial in �. The six roots of the dispersion equation are
labeled as �n, where n=1,2 , . . . ,6. The solution for � is then
a sum over the six partial waves, i.e.,

� = �
i=1

N

�ne�nyei�q
·x
−�t�, �7�

and similar expressions exist for mx and my.

To formulate the boundary conditions we express each of
the six sets of mxn and myn in terms of the potential � using
Eq. �7�. As noted in Sec. II, we use the usual magnetostatic
boundary conditions along with the exchange boundary con-
ditions given by

� �m��r�
�y

− �m��r��
y=−d

= 0, �8�

� �m��r�
�y

− �m��r��
y=d

= 0, �9�

where � denotes x or y and � is the pinning parameter. In all
our calculations, we consider the unpinned condition by
choosing �=0. Using the above boundary conditions along
with the plane wave solution inside and outside the film and
after simplification we obtain six homogeneous linear equa-
tions for the six unknowns �1 . . .�6 given as

�
n=1

6

�4�myn − �n − q
��ne�n�d/2� = 0, �10a�

�
n=1

6

�4�myn − �n + q
��ne−�n�d/2� = 0, �10b�

�
n=1

6

��n − ��mxn�ne�n�d/2� = 0, �10c�

�
n=1

6

��n − ��mxn�ne−�n�d/2� = 0, �10d�

�
n=1

6

��n − ��myn�ne�n�d/2� = 0, �10e�

�
n=1

6

��n − ��myn�ne−�n�d/2� = 0. �10f�

The condition for Eqs. �10a�–�10f� to have a nonvanishing
solution is that the determinant of their coefficients be zero.
For a given frequency and applied field we numerically solve
the boundary condition matrix to obtain the slowness surface
and focusing pattern for both YIG and Fe.

V. EFFECT OF EXCHANGE ON THE FOCUSING
PATTERN

We first study the effects of exchange on the focusing
pattern of bulk waves. In Fig. 8 we have plotted the slowness
surface and corresponding-focusing pattern for the lowest
frequency bulk mode including exchange for a 1-�m-thick
YIG film at different frequencies. The external field is 1 kOe
and the value of �=5.0810−9 G cm2 is used for exchange
stiffness constant. In general the direction of focusing of
dipolar-exchange bulk waves are only slightly different to
their dipolar counterparts. Even though the directions of the

FIG. 8. The upper panel shows the slowness surface and the
lower one is the focusing pattern for the lowest bulk mode with
exchange effects in YIG with an applied field of 1 kOe at �a�
3.5 GHz, �b� 4 GHz, and �c� 4.5 GHz. The arrows on the slowness
surface in �c� show the normals to the slowness surface at some of
the points where the curvature is zero. The exchange stiffness �
=5.0810−9 G cm2.
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focused rays are slightly different, the number of caustics is
not affected by the exchange interaction for the bulk waves.

As done in the dipolar case, one can also tune the external
field at a constant frequency and study the focusing of
dipolar-exchange waves. It is observed that, as the frequency
is moved from the top of the bulk frequency band �in the
absence of exchange� by changing the external field, the
number of true caustics decreases. Also, one can observe that
for the parameters considered here, the differences between
the focusing patterns for bulk modes calculated with and
without exchange are relatively minimal.

The focusing behavior of the surface modes is shown in
Fig. 9. Once again, we study the slowness surface and focus-
ing pattern of surface modes on the upper surface of the film.
The slowness patterns in Fig. 9 appear to be very different
from those in Fig. 4, however we note the scale is quite
different. For small wave vectors, on the order of what is
seen in Fig. 4, one finds that the two patterns match very
closely. The difference is that the slowness surface is re-
stricted to small wave vectors in the dipole-only case. In fact,
as the propagation angle gets closer to the direction of the
applied field, the surface mode intersects with the upper fre-
quency bound of the bulk band and disappears for the pure
dipolar case. When dipole-exchange modes are considered,
the bulk band of the dipole-only case has no upper frequency
bound and can now range over much larger wave vectors.

The general shape of the slowness surface in Fig. 9 may
be understood by the following argument. In the exchange-
only limit, the slowness surface would be a circle, with the
frequency given by the exchange field; �=Dq


2. This circle,
of course, must be modified in order to account for the dipo-
lar fields. For propagation perpendicular to the external field,
the dipolar field is largest. In order to keep the frequency
constant the exchange contribution must be decreased, i.e.,
the wave vector must be decreased, and the slowness surface
is indented at that point.

We now find that the dipole-exchange surface modes are
as strongly focused as the bulk waves. In Fig. 9�a� one finds

that the curvature of the slowness surface changes sign at
couple of points and hence there is true focusing of energy
into a caustic. Figures 9�b� and 9�c� show the same effect at
different frequency and field where the energy is again fo-
cused into true caustics but at different directions.The focus-
ing of both the bulk and surface waves is tunable with the
applied field for dipole-exchange waves as was seen earlier
in the dipole-only case.

We have plotted the slowness surface and the focusing
patterns for the dipole-exchange bulk and surface modes in
Fe for different fields and frequencies in Figs. 10–12 for
comparison to earlier results without exchange. The ex-
change stiffness constant for Fe is 2.210−9G cm2. The be-

FIG. 9. The upper panel shows the slowness surface and the
lower one is the focusing pattern for the surface modes with ex-
change effects in YIG: �a� H0=1 kOe, �=5.2123 GHz, �b� H0

=1.2 kOe, �=5.7863 GHz, and �c� H0=1.4 kOe, �=6.3603 GHz.
The arrow on the slowness surfaces show the normals to the slow-
ness surface at some of the points where the curvature is zero. The
exchange stiffness �=5.0810−9 G cm2.

FIG. 10. The upper panel shows the slowness surface and the
lower one is the focusing pattern for the lowest bulk mode in Fe
with an applied field of 1 kOe at �a� 10 GHz, �b� 12 GHz, and �c�
13.5 GHz. The arrows on the slowness surfaces show the normals
to the slowness surface at some of the points where the curvature is
zero. The exchange stiffness �=2.210−9 G cm2.

FIG. 11. The upper panel shows the slowness surface and the
lower one is the focusing pattern for the lowest bulk mode in Fe at
a frequency of 12 GHz with an applied field of �a� 1 kOe, �b�
1.2 kOe, and �c� 1.4 kOe. The arrows on the slowness surfaces
show the normals to the slowness surface at some of the points
where the curvature is zero. The exchange stiffness �=2.2
10−9 G cm2.
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havior of bulk and surface modes are similar to that of YIG.
Figures 10 and 11 show the focusing pattern of the dipole-
exchange bulk waves in Fe for different frequencies and
fields, respectively. The strength and direction of focusing
are different compared to YIG because of the higher frequen-
cies of operation. Figure 12 shows the focusing of surface
modes into true caustics compared to their dipolar counter-
parts. One can also find that the higher order bulk modes in
dipole-exchange waves show similar focusing effects to the
lowest frequency mode.

VI. CONCLUSIONS AND DISCUSSION

In this paper, we have investigated the focusing of mag-
netostatic bulk and surface modes of dipolar and dipole-
exchange waves in ferromagnetic thin films by considering
YIG and Fe as the medium. In the case of dipolar waves, we
have carried out our analysis by finding the slowness surface
for different modes at different frequencies and magnitudes
of applied field by solving the implicit dispersion relation for
ferromagnetic thin film. From the slowness surface, we ob-
tained the focusing pattern by numerically evaluating the

curvature of the surface at every point on it. The results show
that we can obtain substantial focusing of magnetostatic
waves in YIG and Fe. Furthermore, the backward volume
waves are strongly focused when compared to the surface
waves. The number of focusing directions depends on the
operating frequency and we obtain eight distinct focusing
directions when the frequency is at the top of bulk magnon
region. Also, the focusing directions change by changing the
magnitude of the applied field. The effect of exchange on the
focusing behavior of bulk and surface waves is studied by
considering the dipole-exchange waves. We find that the fo-
cusing behavior of the bulk waves are not much affected by
the exchange, while the surface modes are strongly focused
in the case of dipolar-exchange waves in both YIG and Fe.

Experimentally, it should be possible to view the focusing
of these magnetostatic waves for example by using a scan-
ning Brillouin light scattering technique.22 Recent experi-
mental works in this area has focused on nonlinear effects,22

but there have already been some observations of focusing in
magnon propagation on YIG. In particular, we note an ex-
periment where magnetic spin waves at a particular fre-
quency were generated by a stripline above a YIG sample.
The spin waves propagated away from the stripline, hit an
impurity and showed distinct focusing of energy into two
particular directions.22

Because different external fields cause the energy to be
focused into different directions, we can use this idea to
make tunable filters. For example, a particular frequency
could be directed to a particular receiver using the focusing
effect. Furthermore, at a given field different frequencies are
focused in different directions. This could be used to build a
device that separates frequencies in the microwave frequency
range which could find an application in radar systems, for
example. A typical electronic support system analyzes the
amplitude and distribution of microwave signals over a range
of frequencies by scanning over narrow frequency bands us-
ing a tunable bandpass filter. In contrast, the separation of
frequencies shown here occurs with a single device and field
setting, eliminates the need for tuning.
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