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The theory of shock-induced demagnetization produced by strain-induced magnetic anisotropy
is considered in cubic polycrystalline ferromagnetic material. Analysis of the averaging
procedure required to predict the polycrystalline behavior reveals the importance of mag-
netic grain interaction. Magnetization curves for extreme assumptions of interacting grains
and independent grains are determined. Experimental shock demagnetization data are ob-
tained for polycrystalline yttrium iron garnet in the region of large elastic strain (approxi-
mately 3 and 2 of the Hugoniot elastic limit). Results support the independent grain assump-

tion.

L. INTRODUCTION curs in individual crystallites. Primary concerns of
Previous experimental work on magnetic shock-induced the present work are the prediction of average polycrys-
anisotropy has been, without exception, on polycrystal- talline magnetic behavior and the magnetic interaction

line ferromagnetic or ferrimagnetic material.*~® In between grains which must be known or assumed before
polycrystalline material, the single-crystal shock-in- the average behavior can be predicted unambiguously.
duced anisotropy discussed in the preceding paper® oc- Previous theoretical work on shock-induced anisotropy
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in polycrystal\line materials has assumed, for the sake
of expedience, uniform magnetization within the materi-
al.®'7 This assumes a substantial magnetic interaction
between grains and is not necessarily the correct as-
sumption. In the present work extreme assumptions
concerning the magnetic grain interaction are formulat-
ed. They are referred to as the interacting grain and
independent grain assumptions, respectively. Polycrys-
talline magnetic behavior is determined for each as-
sumption.

Actual magnetic behavior will be bounded by the two ex-
treme predictions. Experimental objectives of the pres-
ent work are to determine which magnetic behavior pre-
dicted from the extreme assumptions concerning mag-
netic grain interaction more closely represents actual
behavior. Experimental shock demagnetization curves
for polycrystalline yttrium iron garnet were obtained
with the gas gun facilities at Washington State Universi-
ty. Data obtained in the region of large elastic strain
(approximately 3 and 2 of the Hugoniot elastic limit)
support the independent grain assumption. From these
results, conclusions concerning relative contributions of
the various energy terms affecting the magnetic behav-
ior are obtained.

In Sec. II, the general polycrystalline averaging proce-
dure is briefly summarized. Shock demagnetization
curves are then obtained for the interacting grain and
independent grain assumptions. The physics implied by
each assumption is discussed. The experimental method
and material characterization are reported in Sec. III.
In Sec. IV, the experimental results are presented. In
Sec. V, results are discussed in terms of the magnetic
energies contributing to the shock-induced anisotropy
effect.

II. THEORY

The prediction of a polycrystalline material property
from its equivalent single-crystal property is a problem
confronted in many areas of physics. The approach,
quite similar in every case, requires an averaging of
the single-crystal property for an arbitrarily oriented
crystallite over all crystal orientations.® A complicating
factor is that an arbitrary crystallite interacts not only
with the external forces but also with other grains in the
polycrystalline material. This grain interaction can be
mechanical (through stresses), electrical, or magnetic.
In most cases, the interaction is not understood.

Examples of such material properties are elastic con-
stants, dielectric constants, magnetostriction constants,
and conductivities. In each case, basic assumptions
concerning the grain interaction must be formulated be-
fore progress can be made. For instance, in the case of
elastic constants two extreme assumptions have been
used. One assumption is that uniform strain exists
throughout the polycrystal. ® The other is that uniform
stress prevails. !° Experiment favors neither, usually
being closer to an arithmetic average of the results of
the two assumptions. !* Similar assumptions are made

in obtaining polycrystalline magnetostriction con-
stants, 12715

In the present problem, the state of strain behind a

plane shock wave in a theoretically dense cubic poly-
crystal is assumed uniform. !® The speculation of pres-
ent interest concerns the magnetic grain interaction.
This is an interaction of current interest about which
little is known. }”~!% In analogy with the method used to
obtain polycrystalline elastic constants, this develop-
ment will define extreme assumptions concerning the
magnetic grain interaction and then consider each indi-
vidually.

One extreme is that material crystallites interact with
sufficient strength to cause a cooperative collinear
alignment of the magnetization vectors throughout the
specimen. The other extreme is that magnetic grain in-
teraction is negligible and that each grain individually
seeks equilibrium determined only by the requirements
of the induced anisotropy field and external magnetic
field. These assumptions will be called the interacting
grain assumption and the independent grain assumption,
respectively.

A. Interacting Grain Assumption

The interacting grain assumption used by Shaner and
Royce®'* during early work on shock-induced anisotropy
leads to a mathematically tractable averaging process.
Domain structure in a polycrystalline ferromagnet is
usually on an intragrain scale. This is due to high crys-
tal anisotropy energy and large-angle grain boundaries
which make continuous domains across grain boundaries
energetically unfavorable. There are cases, however,
such as in material subject to cold working, in which a
degree of crystal orientation allows an extragrain do-
main structure. !° In the present effect, the easy direc-
tion of magnetization is determined not only by the
crystallographic axis, but also by the axis of uniaxial
strain.®® Thus, the effect of the shock wave is to create
a condition of magnetic texture defined by the direction
of uniaxial strain behind the shock wave. It might be
reasonable to expect an extragrain domain structure to
nucleate after passage of the shock wave.

Continuing this argument, consider a spherical grain
within a domain of uniform magnetization. Magnetiza-
tion in this grain could deviate from the direction of
uniform magnetization only by creating surface poles on
the grain boundary. The energy associated with this is

E =27M2cosy,

where M is the saturation magnetization and y is the
angle defining the deviation of the grain’s magnetization
from the direction of uniform magnetization. In YIG, at
typical shock stresses, this energy is of the same or-
der as the strain-induced anisotropy energy. Hence,
there would be strong torques attempting to maintain
uniform magnetization throughout a domain.

The interacting grain assumption is M- H is uniform
throughout the field. This simply states that the projec-
tion M, cos@ along the direction of the applied field is
constant for arbitrary crystal orientation. Prediction of
the magnetization curve requires construction of an ap-
propriate energy expression. This will consist of the
interaction energy

Ey,=-M-H, (1)
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FIG. 1. Independent angular coordinates for representing strain-
induced anisotropy energy. & determines magnetization axis.

n determines strain axis. ¥ represents rotation of plane defined
by a and n about axis determined by a.

and the induced anisotropy energy
Eq=bye(ar} + il + a3)
(2)

In this expression the uniaxial strain tensor e;;=enmn;
is used. The exchange and demagnetizing energies are
considered implicitly in the assumption of uniform mag-
netization. If this assumption is correct their contribu-
tion is considerable. The crystal anisotropy is ignored.
It is small in the region of strains considered.

+ 2b,e(a,a,m,n, + Qe gN,n + Qg O on,).

To proceed with the averaging process, the six varia-
bles a,, a,, a; n,, n,, and n, (@ and # are unit vec-
tors) are expressed in terms of four independent angu-
lar variables as shown in Fig. 1.%! Direction cosines
are related to the angular variables by

a,=sinA cospB, a,=sin\sinf, a;=cosA,
n, = cost sin\ cosB + sin&(cosi cosp cosy + sinB siny ),
n, = cos& sink cosp + sin&(cosA sinf cosy — cosp siny),
and
n, = cos& cosh — siné sin\ cosy.
Assuming the polycrystal is isotropic,
372 sin dX dB dy

is the probability that the magnetization lies in the
range A to A +dx and B to B +dB, while the strain axis
lies in a range ¥ to ¥ +dy . The average values of the
terms appearing in the energy expression are obtained
from

Fe =32y 2 L7 Ak, B, ¥) sinh dX dB dy.

The resulting average induced anisotropy energy is

(3)

E_,=Becos?t,

where B=2b,+ 2b,, or in terms of the usual magneto-
striction coefficients

B=- %[(Cu o CIZ)AIOO 7t 3C44A111]'
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It is instructive to recall that these formulas have been
derived under the assumption that the strains are iden-
tical in all grains. This assumption leads to a polycrys-
talline magnetostriction coefficient

x—(C" =C Moot 3C A,

3C44 21 Cu 7 sz '
the fractional striction of a material along the direction
in which it is magnetized. This formula may be com-
pared with the usual polycrystalline magnetostriction
formula

2 3
A=%5N100F 51115

derived under the assumption that each grain behaves
independently mechanically. Obviously, for isotropy
(C,;-C,=2C,,), the two formulas are identical.

The angle 6 between the direction of the applied field
and the direction of the magnetization is the comple-
ment of £. The total thermodynamic energy expression
becomes

E = Besin®6 — H, M cosé. (4)

The magnetization curve obtained from Eq. (4) for pos-
itive magnetoelastic constants is

M/M =1, H,>-2Be/M,

=-(M,/2Be)H,, H,<-2Be/M,. (5)

This is intermediate between the extremes obtained for
the (100) problem and the (111) problem for the equiva-
lent single-crystal behavior derived in the preceding
paper. 8

B. Independent Grain Assumption

It is quite possible that the uniform magnetization field
demanded by the previous assumption does not occur.
The isolated single-particle critical size within which a
single domain exists for YIG is less than 1 p. This
critical size will increase for a bounded crystallite due

INDEPENDENT
GRAINS
1.0 =
o)
, @
=
=
0.5 INTERACTING
GRAINS
o'o 1 1 1
40 80 120
He/e (kOe)

FIG. 2. Magnetization curves in polycrystalline YIG predicted
from the independent and interacting grain theories. Shown for
comparison are the single-crystal magnetization curves from
the (100) and (111) problems.
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TABLE I. Shock demagnetization data.

Shot No. Projectile Projectile Mean strain Magnetic field Induced® emf Specimen width oM /Mg®
velocity material in YIG (Oe) (v) (cm)
(mm/usec)
70-016 0.598 359 20.5 1.060 0.332+0.066
70-030 ¢ 0.602 : 245 P 1.063 0.602 +0.100
70-039 0. 600 Pl;’;‘ffss 258 62.4 1.067 0.515+0.033
70-053 0.601 o —0.0083 588 11.2 1.075 0.089 +0.034
70-057 0.596 Hias . 494 21.6 1.085 0.173 +0.037
70-059 0.598 PEG 680 4.6 1.081 0.039 £0.015
71-002 0. 597 yp 421 30.3 1.023 0.260 +0.055
71-013 0.598 787 2.5 1.081 0.018 £0.010
71-015 0.551 Aluminum 660 48.5 1.068 0.400 +0.030
71-016 0.555 oxide -0.0162 935 20.5 1.032 0.173+0.038
WESGO-995

F?This emf was developed across 10-turn pickup coils with the
exception of shot No. 70-016 which used a 5-turn pickup coil.
bCalculated with an M, of 128 G.

to a substantial decrease in surface magnet poles at the
grain boundary, but not by more than an order of mag-
nitude. !” The grain size of the material used in the
present work ranges from 5 to 25 p. This suggests that
perhaps an intragrain domain structure will nucleate in
order to reduce magnetic poles which would otherwise
collect heavily along grain boundaries. !"?> This latter
case holds if the energy associated with domain walls
is small compared to other magnetic energies. With an
intragrain domain structure there is not a uniform
magnetization field as was demanded by the interacting
grain assumption. In this case, it is more likely that
the magnetization in each grain independently seeks a
value depending only on the orientation of its crystallo-
graphic axis with the external fields.

A simple consideration shows that the independent grain
assumption leads to a lower average magnetoelastic
energy than the interacting grain theory. The energy
from the interacting grain theory contained a part re-
quired to bring individual grains into their independent
equilibrium positions and also a part required to bring
these grains into collinear alignment. The latter contri-
bution would not be present in the independent grain as-
sumption.

The independent grain assumption is each crystallite
seeks equilibrium subject only to the vequivements of
the induced anisotvopy field and the external magnetic
field, independent of the behavior of neighboving crys-
tallites. A rigorous approach to the averaging proce-
dure would be to express the magnetization direction
cosines in Eq. (2) in terms of polar coordinates A and B.
The total energy expression should then be minimized
with respect to A and B for an arbitrarily oriented crys-
tallite. The resulting magnetization projection along the
direction of the applied field should then be averaged
over all crystal orientations. This problem, which has
been encountered previously in another context, cannot
be solved explicitly for A and 8 and the solution has not
been completed. **

An alternative approach, in the spirit of calculations
made by Lee, *® is to write the average normalized mag-
netization

M/M,=(cosb),,= [F(R)cosd d/( [F(Q)d Q)™ (6)

in terms of an unknown distribution function. F(Q) is the

€On this shot, the solenoid was prematurely shorted. These val-
ues were obtained by estimating the field due to residual cur-
rent and knowledge of the circuit inductances and resistances.

equilibrium distribution of magnetization directions ov-
er all crystal orientations for a given applied field H,
and state of strain e. The following distribution function
is assumed:

F(Q)=1, 6,<6<86,

(7
=0, otherwise.

The angles 6, and 6, are the extremes defined by the
(100) problem and the (111) problem in the preceding
paper. They are

cosf ,=(M,/2b,e)H, (8)
and

cosb,=(M,/2b,e)H . (9)

A similar distribution function has been used by Bo-
zorth?® in an attempt to explain low-remanence values in
certain alloys and by Lee® to explain magnetostriction
curves over the whole range of magnetization to satura-
tion. In the work of Lee, *® results using the uniform
distribution function and a distribution function predicted
theoretically by Brown?® were compared. Experimental
data strongly supported the uniform distribution function.

It must be realized that this approach will yield an ap-
proximate solution to a problem which has not, as yet,
been solved exactly. The prediction is subject to the
limitations of this assumption. Equation (6) becomes

(cos8),,= J,? cos sind de( [, sin6 d6)™*
= f,:l xdx(f,;‘l dx)t (10)
where x=cosf. A problem occurs when coséf, is unity,
at which point the first grains reach saturation. To
freeze the upper limit of integration artificially con-
strains the distribution function. This problem can be
circumvented by allowing the upper limit to continue

but demanding that the respective contribution to
(cosb),, be unity. This gives

&
(cosb),, = (f,,2 xdx+ [ dx)(_ﬁ:‘ dx), xmslsz
X
= [, xax([ta)*, 2% CR 6
Performing the required integration, the predicted
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FIG. 3. Schematic representation of experimental method.
Current supply is triggered by projectile contact with velocity
pin. Planar impact occurs between projectile and solenoid when
current (hence magnetic field) in solenoid is maximum.

magnetization curve for the independent grain assump-
tion is

M/M, =1, x,> 1
=%(x1+xz)‘%(x1" 1)2/(x1—x2); x2£15x1 ;(12)
=5 (%, + %), %, <1,

where

x,=— (My/2b,e)H, and x, =— (M/2bse)H,,. (13)

The predicted magnetization curve for the independent
grain theory is qualitatively pleasing for two reasons.
First, the magnetization curve tends initially toward
saturation more rapidly than is predicted by the inter-
acting grain theory. This behavior is expected because
of the excessive energy attributed to the magnetoelastic
energy in the interacting grain theory. Secondly, the
curve approaches saturation gradually as would be the
case if all grains were not forced to saturation simulta-
neously. In the case of magnetoelastic isotropy (b,=25,),
the magnetization curve for the independent grain theory
is coincident with that of the interacting grain theory.
Predicted magnetization curves in YIG for the two the-
ories [Eqs. (5) and (12)] along with those for the (100)
and (111) problems from the preceding paper are shown
in Fig. 2.

III. EXPERIMENTAL METHOD

The experimental method used to obtain shock demagne-
tization curves and test the theories developed in Sec.

II will be briefly described here.?® The theory requires
an infinite slab of ferromagnetic material subject to a
state of uniaxial strain normal to the plane of the slab
and an applied magnetic field in the plane of the slab.
This was approximated by a rectangular specimen of
polycrystalline yttrium iron garnet. The uniaxial strain
was obtained by planar impact of a projectile from a 4-
in. gas gun.?’ The magnetic field was applied by pulsing
a current through a rectangular solenoid enveloping the
specimen.
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A schematic representation of the experimental proce-
dure is illustrated in Fig. 3. The experimental sequence
is as follows: The projectile, travelling at a velocity V
triggers the current supply. The subsequent current
produces a magnetic field which reaches a maximum and
is quasistatic at the time the projectile impacts the tar-
get. The current profile is determined by the LCR char-
acteristics of the circuit. The impact produces a strain
wave which propagates through the solenoid and into the
YIG sample. This sample, initially in magnetic satura-
tion, is demagnetized by the strain wave. The demagne-
tization develops an emf across the pickup coil, shown
schematically in Fig. 3, which is recorded on the moni-
toring oscilloscopes. Demagnetization of the ferromag-
netic material behind the shock wave is determined
from these records.

Measurement of the applied magnetic field is made by
monitoring the current through a precision noninductive
resistor in series with the solenoid. Fields from 200 to
1000 Oe were required in this work. The state of uni-
axial strain in the YIG is determined from the measured
projectile velocity and the Hugoniot equations of state
for the projectile material, intermediate material, 28-2°
and magnetic material® (Lucite, Lucite, and YIG, re-
spectively, for the first series in Table I). Strains cor-
responding to about § and 2 the Hugoniot elastic limit
were produced in the YIG.

The demagnetization records are obtained from the emf
developed across a 10-turn pickup coil closely wound
around the center of the rectangular YIG specimen. The
induced emf is related to the change in magnetization by
considering the jump in magnetic flux across a steady-
state shock wave. Analysis is similar to that used to ob-
tain mechanical shock-wave jump conditions. ** The re-
sult is

& = anbDAM - but,

(14)
where & is the magnetic flux, b is the width of the mag-
netic specimen and pickup coil, D is the shock velocity,
and u is the particle velocity behind the shock wave. In
this work, the buH, contribution was small compared to
the first term. AM =M - M, the change in magnetiza-
tion per unit initial volume, determines the state of
magnetization in the material behind the shock front. In
other words, the demagnetization in the material, sub-
ject to a given applied field H, and induced uniaxial
strain e, is obtained from the measured emf with Eq.
(14) and Faraday’s law. A representative demagnetiza-
tion record is shown in Fig. 4.

FIG. 4. Oscilloscope record of shock-induced demagnetization
in YIG. Periodicity corresponds to reverberation of stress wave
in YIG platelet. Time scale is 0.2 u sec/div.
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FIG. 5. Experimental data with theoretical magnetization
curves for two strain-induced anisotropy fields. Circles cor-
respond to strain of —0.0083. Squares correspond to strain of
—0.0162. Smooth curves correspond to independent grain
theory. Curves with slope discontinuity correspond to interact-
ing grain theory.

The material selected for this study was hot-pressed
polycrystalline yttrium iron garnet.*? It was chosen be-
cause the magnetoelastic properties are of convenient
magnitude for shock-wave investigation. Also this was
the material used by Shaner and Royce in earlier inves-
tigation of shock-induced demagnetization at high
stresses. ® Important points noted during material char-
acterization are the following: Photomicrographs showed
the average grain size to be approximately 15 p varying
from 5 to 25 p. The grain distribution was visually
homogeneous and isotropic throughout the sample; i.e.,
there was no evidence of mechanical texture created by
the hot-pressing process. The porosity was 3.3+0. 5%.
Pores were highly spherical and observed to occur both
intragranularly and at grain boundaries. The specimens
were lapped flat and parallel to dimensions of 0.1X1.0
X 5,0 ecm. Values used for the magnetoelastic constants
were b, =3.5%X10° erg/cm?® and b,=6.9%10° erg/cm?, *°
The value used for the theoretically dense saturation
magnetization was 133. 7 G.* The value for the present,
slightly porous materials, was 128 G.

IV. EXPERIMENTAL RESULTS

Experimental data are presented in Table I and plotted
in Figs. 5 and 6. The strain in the first series corre-
sponds to a longitudinal stress of 22 kbar, the second
series to a longitudinal stress of 43 kbar. The Hugoniot
elastic limit in YIG is 62 kbar (attributed to Graham). 3¢
Experimental magnetization curves are shown in Fig. 5
along with theoretical curves for the interacting grain
and independent grain assumptions. In Fig. 6 the data
are plotted as a function of the normalized field H,/e
against which the predicted magnetization curves for any
state of strain are self-similar.

It is observed in Figs. 5 and 6 that the two alternative
theories differ at most by about 15% in absolute value
of magnetization. The measured quantity, however, is
the reduction in magnetization or demagnetization. The
alternative theories are quite sensitive to this quantity
in the upper region of the magnetization curve.

As was mentioned previously, the state of strain in the
YIG was determined from equation-of-state knowledge
of YIG and the intermediate materials. The accuracy of
this method might be questioned since Lucite, a materi-
al with known viscoelastic response, ?® is used. To alle-
viate this problem, the propagation distance through Lu-
cite from impact to the YIG interface was kept to a min-
imum. To test the analysis quartz gauges were substi-
tuted at the YIG interface in several experiments. This
allowed comparison of calculated strain with measured
strain in the quartz. In no case was the difference great-
er than 4%. The error in the applied field H, was + 2%.
Strictly, this was the error in measuring the solenoid
current during shock transit. This method was not sus-
pect and no attempt was made to measure the field di-
rectly. The horizontal error bars in Figs. 5 and 6 are
+6%.

The demagnetization profile in Fig. 3 is observed to ex-
hibit some structure. This structure is typical of all the
experimental records. The behavior is due to the finite
rise in the strain pulse (~50 nsec) and lateral relief
waves produced by the finite width of the YIG slabs. An
analytic estimate of the structure was made and found
consistent with the records. This analysis, however,
was not relied on to reduce the error in the experiment.
In each profile quite evident extremes occurred to bound
the actual demagnetization. These extremes were ac-
cepted as error and define the vertical error bars in
Figs. 5 and 6 and are the errors quoted in the right-
hand column of Table I. This was by far the dominant
error. Values for the saturation magnetization in YIG
vary from about 128 to 140 G in the literature. The data
are not sensitive to this difference.

V. DISCUSSION AND CONCLUSIONS

The data presented in Figs. 5 and 6 support the shock-
induced anisotropy mechanism as a contribution to
shock demagnetization. It is further concluded that the
independent grain assumption provides a better descrip-
tion of the magnetic behavior of polycrystalline ferro-
magnetic material in the shocked state. Also established

10
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FIG. 6. Data plotted to exhibit theoretically predicted self-simi-
larity of magnetization curves against the parameter H,/e.
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is the validity of the parameter H,/e in characterizing
the magnetization curve. This is seen in Fig. 6 where
the experimental magnetization curves, plotted as a
function of this parameter, are self-similar.

In retrospect, independent grain behavior appears more
reasonable than interacting grain behavior. In the pre-
vious article, ® the equilibrium exchange and demagne-
tizing energy was predicted to increase as the fourth
root of the strain. It was further predicted to be small
compared to the induced anisotropy energy. It follows
that the energy of domain walls is small and an intra-
grain domain structure would occur. Considering this,
one would expect independent grain behavior. Converse-
ly, experimental agreement with the independent grain
theory adds support to the validity of the calculation
which predicts the negligible contribution of the equilib-
rium exchange and demagnetizing energy at the magni-
tude of strain occurring in this work.

The prediction of magnetic behavior behind the shock
front is much simpler than the equivalent prediction in

- unstrained material. First, the equilibrium exchange
and demagnetizing energy can be ignored in favor of the
much simpler induced anisotropy energy. This is not
the case in unstrained material. Second, in polycrystal-
line material the magnetic grain interaction effects are
not substantial and magnetic properties can be obtained
by averaging the behavior of a single independent grain.

It was stated in Sec. III that the magnetic material used
in this work had a slight porosity. This is typical of
most magnetic ceramics. Wayne et al.®® have reported
that the macroscopic magnetization of porous magnetic
material subject to hydrostatic pressure is affected due
to nonhydrostatic strains occurring in the vicinity of
pores. It seems evident that this effect should occur in
the uniaxial strain case also. Calculations predict that
the effect of porosity on the magnetization curves ob-
tained in the present work will be small for large ap-
plied fields but become substantial as the applied field
approaches zero. *® The region of the magnetization
curve experimentally observed was chosen to circum-
vent the porosity problem.

Contribution to the shock-induced anisotropy effect due
to finite strain was calculated. *® This was demanded by
the high strains obtained in the present work. Calcula-
tions show that the contribution is not substantial. The
experimental data verify this conclusion. It follows that,
at least for the present material and experimental accu-
racy, the conventional magnetoelastic theory of Becker
and Doring provides an adequate description of shock-
induced anisotropy in the region of large elastic strain.

The present work seems to be consistent with previous
data on YIG obtained by Shaner and Royce.® Their 90-
kbar data, which are twice the highest stress obtained in
this work and about 30 kbar above the Hugoniot elastic
limit, fall slightly above the predicted magnetization
curve for the independent grain theory. Their 200- and
440-kbar data are higher yet. Their data are compared
with the present work by assuming a simple elastic-
plastic model for the behavior above the Hugoniot elastic
limit. This discrepancy has been discussed recently by
Royce* and is attributed to the effect of porosity and to
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the change in saturation magnetization for the higher-
pressure data.

VI. SUMMARY

The conclusions reached and results obtained during the
course of this work are as follows:

(i) Consideration of the averaging process required to
predict the shock-induced anisotropy effect in polycrys-
talline material reveals the importance of magnetic
grain interaction. Extreme assumptions of interacting
grains and independent grains are defined to describe
this interaction. Magnetization curves are obtained

for both assumptions.

(ii) Data on polycrystalline yttrium iron garnet were ob-
tained in the region of large elastic strain. The results
support the independent grain theory as more represent-
ative of actual magnetic behavior. Earlier theoretical
work assumed interacting grain behavior.

(iii) The experimental results are in agreement with the
domain-theory analysis of the preceding paper which
predicts the negligible contribution from exchange and
demagnetizing effects.

(iv) Conventional magnetoelastic theory provides a suf-
ficient characterization of the shock-induced anisotropy
effect within present experimental accuracy for strains
up to at least 2 the Hugoniot elastic limit.

*Present address: Stanford Research Institute, Menlo Park,
Calif,

"Based on a thesis submitted to the Department of Physics,
Washington State University, Pullman, Wash., in partial ful-
fillment of the Doctor of Philosophy degree, 1971. Work sup-
ported by the Air Force Office of Scientific Research, Grant
No. AFOSR 69-1758.
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