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Nuclear-magnetic-resonance stodjes of Fe have been carried out in several rare-earth5'l

iron-garnet single crystals (EuIG, TmIG, : ErIG, GdIG) and in polycrystalline samples of SmIG
and DyIG. The studies were made using the spin-echo technique at 4.2'K and in some cases
at 77 K. External dc fields of several kG were used in the single-crjjstaI studies to drive out
domain walls and were of sufficient magnitude in most ca8es to align the magnetization along
hard as well as easy directions. From studies with the magnetization along (ill) snd (100)
directions, anisotropic effective fields at octahedral and tetrahedral Pe.sites could be deduced.
The anisotropic effective fields cou1d be largely accounted for by considering the dipolar fieMs
of neighboring magnetic iona. Effects of cbvalency and transferred hyperfine fields on the
isotropic effective fields are also cdnsidered.

I. INTRODUCTION

Nuclear-magnetic-resonance (NMH) studies in

rare-earth iron garnets are of interest because
they can give very detailed information concerning
the magrietic properties and hyperf ine intex'actions
of the magnetic ions. Recently we have been study-
ing the NMR of rare-earth ions in several of the
iron garnets, ' 6 and in this communication we
report on Fe" NMR studies in these same garnets
(preliminary accounts of portions of this work have
been reported previously4'~).

The effective fields associated with the Fe'~ ions
at the octahedral (a) and tetrahedral (d) sites of
the iron garnets have previously been discussed
in detail. The effective fields are composed of
isotropic parts, arising mainly from the core po-
larization, and anisotropic parts, arising mainly
from the classical dipola, r fields of neighboring
magnetic ions. The dipolar fields in YIG have
been discussed by Robert and Hartmann-Boutron. 8

The Fe'3 ions on a sites possess axes of threefold
symmetry along the (111)directions, while the
iron iona on d sites have symmetx'y axes along the
(100) directions. If we consider the case of the
iron magnetization M, along a (111)direction, we
expect the Fe NMR from a sites to exhibit two
resonances at v,. and v,", the g' resonance being
due to sites whose local symmetry axis is along
M, and the a 'resonance being due to sites whose
symmetry axes are along the other three (111)
directions. The d-site NMR will exhibit only one
line at v„for M along (111), but for M along (100)
it splits into two lines at v„.and v„"with relative
intensities of 1:2, corresponding to the symmetry
axes being parallel and perpendicular to M, re-
spectively.

%'ith the exception of YIG where studies have

been carried Out with single crystals a'nd externally
applied dc magnetic fiel.ds, ~' al.l the previous
studies of i'are-earth iron ga|'nets have been car-
ried out with yolycrystalline samples in zero field.
Gonano and co-woxkers9' and Myers and co-work-
ers"'~ have obsei ved the zero-field NMB of Fe"
in several rare-earth iron garnets, fx'om nuclei
in both domains and domain waBs. Since the easy
direction of magnetization in most of the garnets
is (111), they could obtain the a-site resonances.
Since, however, the d-site domain resonance for
M along (111)is unsplit, and since the domain-
wall spectx'um fro~ d- sites was not understood,
they could not determine the dipolar splittings at
(d) sites. In the present study we have used single
crystals and dc fields of sufficient magnitude to
drive out domain walls and align M along various
crystallogx'aphic directions arid have been able to
obtain dipolar splittings at d as well as u sites.
A brief discussion of the theory of the dipolar
fields ht n and d sites is given in Sec. G. Experi-
mental techniques are discussed in Sec. Ql. Re-
sults are presented and discussed in Secs. IV and
V.

II. THEORY OF DIPOLAR FIELDS

As already noted, Robert a,nd Hartmann-Boutrpns
have discussed th6 dipolar fields at the a and d
sites of the garnets. Their discussion applies
specifically to YIG. They find that the dipole
field Hd, y at these sites can be written as

1 (3cos~8 -1
$402 (

Here 8 is the angle be@veen the Fe magnetization
vector M and the symmetry axis (between M and
(111)for c sites or between M and (100) for d
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sites). In the lattice sum, x, is the distance to the
ith neighbor'ng magnetic atom, 8; is the angle be-
tween the symmetry axis and x„and p, is the mo-
ment of the atom at x,. Equation (1) was derived
assuming all moments to be colinear. If one ne-
glects the canting of the rare-earth moments and
assumes that they are all magnetically equivalent,
then Eq. (1) remains valid if one considers the
presence of rare-earth ions.

Consider now the a-site splitting between lines
at v,. and v... that occurs when M is along the (111)
direction. Following Myers and co-workers~' one
can show that

v~a i (obs) —v~i (obs)

Here v," (obs) and v,. (obs) are the observed (un-
corrected) a-site frequencies. The gyromagnetie
ratio y/2v is 13V.4 Hz/G for Fe"."~" The factor
A is a constant depending on the dipolar lattice
sum for d sites with respect to a sites and on the
magnetic moment of the Fe ion. The quantities
r and o, are t e reduced magnetizations for the
d and c sublattiees, respectively, while Mo, and
M«are the magnetizations of these sublattices at
absolute zero. The first term in parentheses is
due to the dipolar fields of d-site ixon ions. The
second term is the dipolar contribution from the
c sites and takes this form because the lattice sum
for c sites mith respect to a sites is just the neg-
ative of the sum fox d sites. The parameter 4,
takes into account effects not due to dipolar fields.
For YIG from thy calculations, of Robert and Hart-
mann-Boutrons or Burns~4 one obtains A = 2044 6
atO K..

Similarly by taking into account the r.elative mag-
nitudes of the appropriate lattice sums' . one ean
write for the d-site splitting for M along (100):

v„.(obs) —v,.(obs) = (y/2w)3&

x [0.29 o', —0.21 o~ —1 03 (Mo, /M. o~)o,]+4„.

Note that the d sites the dipolar fields from the two
iron sublattices nearly cancel.

Although the preceding discussion is valid for
uncanted rare-earth ions, for cases like Dy and
Er where the canting is found to be rather large"
and where the rare-earth moments are not mag-
netically equivalent, the situation becomes consid-
erably more complex. Some simplication can be
made, however, by observing that for the case of
li along a symmetry axis the components of the
canted rare-earth moments perpendicular to 1I
will cancel and only the component along M need

be considered. For the case of M along (ill) two
types of rare-earth sites c and c' occur in equal
abundance, each with a different moment and dif-
ferent angle of canting out of the (ill) direction.
If one considers a given neighbor shell of an a site
one finds that, on the average, a or a atoms see
equal numbers of e and e neighbors. Consequently,
the average dipolar fields at a' and a" sites should
still satisfy Eq. (1), and the average a-site split-
ting should still be given by Eq. (2) if we use for
jlfoq an avex age of the '' 0 ' and c moment components
parallel to the (ill) direction. For most of the
rare-earth iron garnets the easy direction of mag-
netization is (111). Consequently, we can use for
Mo, in Eq. (2) the values deduced from bulk-mag-
netization studies, '6'7 Similar considerations apply
to the d-site splittings.

III. EXPERIMENTAI. METHODS

A. Samp1es

The garnets were obtained from Airtron, ' and
consisted of four single crystals (Eu, Tm, Er, Gd)
and five finely divided polyerystalline powder sam-
ples (Eu, Sm, Tm, Er, Dy). About 15 g of each
powder was sealed in a glass tube. A typical single
crystal weighed about 6 g and mas used as grown
without further shapirig. Each crystal was mounted
on a Bakelite rod so that it could be rotated about
a [110) axis so that each of the principal axes were
contained in the plane of rotation.

B. NMR Spm-Echo Equipment

The samples were maintained at 4. 2'K in ex-
posed-tiy helium Demars which fitted into the tun-
able tank coil. .The coil consisted of several turns
of wire with a 2. 5-cm diam for the single crystals,
and a 3.8-cm coil was used for the larger powder
samples. The axis of the coil was colinear with
the crystal [110]axis and perpendicular to the ex-
ternal magnetic field (0-8 kG). The input and out-
put coupling loops consisted of a single turn of wire.

The rf pulses were supplied by a high-power
pulsed oscillator (Arenberg Ultrasonic Laboratory
Model No. PG-650-C). The signals were detected
by a superheterodyne receiver and displayed on an
oscilloscoye. Both the pulsed oscillator and re-
ceiver were matched to the coupling loops anth
double-stub tuners.

C. Measurement Techniques

The. measurement procedure and parameters
depend upon whether one- is observing domain-wall
signals or domain signals. In the powder samples
in zero field one can often detect both kinds of sig-
nals. " For the wider arid more enhanced domain-
wall signals one can use a 1-p,sec pulse at relatively
low power and trace out the line shape which may
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FIG. l. External magnetic field dependence of d-site
frequency at 4.2 K in GdIG crystal with Ho along the
(111) direction.

be about a MHz in width. As the pulse frequency
is varied, the intensity of the echo is measured by
comparison with an auxiliary signal generator, and
its frequency is measured by zero beating the echo
against the signal generator and measuring the sig-
nal-generator frequency with a counter.

The much narrower domain signals require a
pulse length of about 10 p.sec in order to identify
the position at peak accurately. This permits an
accuracy of the frequency measurement of about
10-20 kHz. Also, the rf power must be raised to
compensate for the smaller enhancement factor
inside the domain.

In the single-crystal measurements, the applica-
tion of a magnetic field causes the domain-wall
resonance to vanish and the domain resonance is
improved. It was found that this improvement
more than made up for the smaller size of the crys-
tal sample. The resonances are measured as the
crystal is rotated with respect to the magneticfield.
As the crystal is rotated the enhancement factor, .

as well as the frequency, varies. However, even
in the easy direction, which is the position of poor-
est enhancement, the echo amplitude could be op-,

timized by using 10-psec pulses and high-rf power.

responding to the isotropic hyperfine field (includ-
ing Lorentz field), and the second term reflects
the corrections arising from external and demag-
netizing fields. We have plotted the d-site fre-
quency at 4. 2 'K obtained with Ra along the (111)
direction of the crystal in Fig. 1. The slope of
the linear part of the curve yields a value of y/2 v
of 135 Hz/G in approximate agreement with the
known value. Since the crystals are approximately
spherical in shape we can take Jf~ (in the fully mag-
netized specimen} to be 4', /3 or about 2559 G.
Extrapolating the linear portion of the curve (Fig. 1)
back to Ho= 0 yields a value of v„of65. 82 MHz.
Correcting this value for H~ gives a value of ~„
of 66. 17 MHz. This value is in approximate agree-
ment with the observed value of v„(0)(for nuclei in
doinains} of about 66. 246 MHz. This shows that the
nuclei in the domains of the unmagnetized specimen
see essential, ly no demagnetizing field which is an
assumption impl, ied in Ref. 11.

Values of v,"(0), v,.(0), and v, (0) at 4. 2 'K are
listed in Table I and are in approximate agreement
with the values reported in Ref. 11. With Ho=
= 5. 1 kG along (111), the a" and a ' frequencies
were 75.71 and 73.69 MHz, respectively, the
splitting being in y,pproximate agreement with that
in zero field.

For GdIG the -anisotropy is not too large' even
at 4. 2 'K so that a relatively low value of Ho is
sufficient to orient 9 along the (100) direction.
Values of v„.and v„"observed at 4. 2 and 77 K
for various vat.ues of applied field are given in
Table II. Within experimental error the splitting
is independent of applied field.

8. Europium Iron Garnet

Studies were carried out with the single-crystal
sample at 4. 2'K. Values of v...(0), v, , (0), and
v, (0} are given in Table I and are in approximate
agreement with the values of Ref. 12. The a-site
spectrum was studied at 4. 2 'K with an external
field of 7. 8 kG as a function of angle po in the (110)
plane between M and the (100) direction. As dis-

TABLE I. Observed zero-field a"-, a'-, and d-site
frequencies in various rare-earth garnets.

IV. RESULTS

A. Gadolinium Iron Garnet

v, = ~„(0)+y/2n(ZO -as). (4)

Since GdIG has an easy direction of magnetiza-
tion along (111), the d site therefore exhibits only
a single line in zero fields. The d-site frequency
in an external dc field Ife can be written

Garnet

GdIG
EuIG
TmIG
DyIG
YIG
LuIG"

v~" (0)
(MHz)

76. 012
76.317
75. 840
75, 95
76. 058
75. 802

v~. (0)
{MHz)

73.969
75.287
74. 458
74.35
75. 057
74. 900

v~(0)
(MHz)

66.246
65.45
64. 858
65. 80
64. 980
65.560

Here v~(0) is the zero field d-site frequenc-y cor-
Values at 4.2 'K.
Values at T=O I from Ref. 10.
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TABI,E 11. Values of ~ze and vz- obs'erved @t 77 and.
4.2 'K for different Values of Ho apphed along the (100}
direction of a QdgG crystal.

Temp Ho
('K) (kG)

2. 8
8. 0
5.1

pent

(MHz)

65.97
67.78
67.41

pggt

(MHz)

65.28
66.60
66.28

p~r ~ p~ei

0.69+0.05
1.18+-0.05
1.1340, 05
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FIG. 3, ErIG zero-field
(domain waH) spectrum at
4.2'K from (a) a sites and

(b) d sites.
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PIG. 2. Fe~~ n-site frequencies in Ega at 4, 2'K
calculated from Eq. (5) as a function of angle yo in the
(3,10) plane between M and the f001) axe together vrith

experimental points.

cussed elsewhere5 this field is sufficient to align
the magnetization exactly along the principal cubic
directions and approximately along other directions
in the (110) plane. From Egl (1) one can show that

v. (eo) .()+cos' 0[u.(ll)- v. (l)] (6)

Here v, (ll) and v, (1) are the frequencies corre-
sponding to Q being parallel and perpendicular to
thy symmetry axis, and 80 is the angle between M
and the symmetry axis. - The g-site frequencies
v, (po) have been calculated for each of the four
inegulvalent types of s sites (corre8ponding to sym
metry axes along different (111)directions). Ex-
perimental and calculated values of v, (yo) are shown
in Fig. g where we have taken v, (ll)=V6. 26 MHz
and v, (&) = VV. 4g MHz in obtaining the calculated
curves. For M in' the (110) plane the symmetry
does not allow for more than. three resonances at
any angle. In plotting the experimental points we
have corrected, as mas done in Ref„5,for the
fact that the angles yo between (100) and lm are
not, in general, equal to the angles p between (100)
and So. The agreement between experiinental and
calculated values is within the @mits of q~eri-
mental error, and the (111)spUtting is approxi-
mately equal to that in zero field.

The angular dependence of the d-site line was
also studied in the (l, 10) plane at 4. 8 'K with Ho
equal to 7.8 k6. No shifting or spl, itting of the @-
site line mas obsex ved to an accuracy of about
0, 0j. MHz.

~ ~652 656 660
FREQUENCY MHg

C. Thulium'Iron Garnet

Studies were carried out with the single-crystal
sainple at 4. 3'K. Values of v,"(0), v,.(0), and

v~(0) are listed in Table I and are in approximate
agx'cement mith the values of Ref. Il. The anisot-
ropy of TmIG is sufficiently high at 4. 2 'K that we
could not align g along the hard (100) direction
with the available field. With Ho= 8.0 ko along
(111), the a" and cr' frequencies were V6. 64 and

75.48 MHz, the splitting being approximately equal
to that measured in zero field.

9; Erbium Iron Garnet

For ErlG the (100) and (111)directions are both
relatively easy directions of magnetization~0 3' at
4. 2 'K. The (100) direction is easiest but an ex-
ternal fieM of only a few kilogauss applied to a
single crystal is sufficient to turn the magnetiza-
tion into the (ill) direction. The NMR was studied
using both yolycrystalline powder and a single crys-
tal. The domain-wall a-site spectrum at 4. 2 'K
obtained with HO=0 with lom rf power levels is
shown in Fig. 3(a) and the d-site spectrum in
Fig. 3(b). On increasing the peak rf power level
and the width of the exciting pulses, a single nar-
row doinain resonance emerged at 75.45 MHz from
the e-gite spectrum, consistent with the easy direc-
tion of magnetization being (100). For d sites,
domain resonances appeared at 66. 15and 65. 22 MHz

with relative intensities of j.:2 corresponding to
vga and &pic& resyectively

A plot of the u-site frequency v, as a function
of Ho oriented along the (100) axis of the single
crystal is shown in Fig, 4. Correcting the linear
portion of the curve for Hn gave a value of v, (0) in

good agreement with the zero-field value, With
Ho= 6, 6 kG (along (100)) the &site freguencies
mere found to be 66.719 and 65.779 MHz, the
splitting being approximately equal to that in zero
fieM.
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FIG. 4. External magnetic field dependence of g-site
frequency at 4.2 K in ErIG crystal with Ho along the
(100) direction.

With Ho= 5.5 kG along (111), the a'. and a fre-
quencies mere found to be 75.44 and 73.41 MHz,
respectively, while t& mas found to be 66. 166 MHz.

K. Dysprosium Iron Garnet

For DyIG no single crystals were available. The
a-site zero-field powder spectrum is shown in
Fig. 5(a) and the d-site spectrum ln Fig 5(b).
While the signals evidently arise largely from nu-
clei in domain walls, the peaks may reflect at least
approximate values of v,.(0)i v,"(0), and v~(0), and
are entered in Table I.

F. Samarium Iron Garnet

For SmIG me could not observe an a-site reso-
nance at 4.2 'K but a weak d-site resonance mas
observed at 65.66 MHz. For SmIG the easy direc-
tion of magnetization is believed to be along (110).
For this direction the d-site resonance should ex-
hibit two lines with relative intensity 2: 1, but since
the Sm moment is small me might expect the split-
ting to be small as in YIG. Mossbauer studies,
however, indicate tmo d-site hyperfine fi'sids cor-
responding to frequencies of 66. 5 and 64. 1 MHz
with relative intensities of 2:1. The meighted av-
erage yields a frequency 65.7 MHz which is in good
agreement with our value.

nets together with experimental values at 4. 2 'K (at
0 'K for YIG and LuIG). For ErIG the splitting has
been obtained from values of v,., and v, , at 5.6 kG.
The values of A have been obtained by taking A
= 2044 6 for YIG and by taking into 5ccount the dif-
ference in lattice constants33 for the other garnets.
The quantities Moq/M(g have'been obtained' fI0m
bulk magnetlzat3'. On studies- ' except for ErIG
where we have taken Mo, /Mo~ = 1, consistent with
(5.0 +0. 2) pe for the average Er moment~ for M
along (111). We see that in all cases except for
DyIG the values of &, are positive. . The values are
approximately consistent with those reported in
Ref. 11. The apparent anomaly in the case of Dy
may be due to the fact that the splittings mere. de-
duced from the powder spectrum or may be asso-
ciated with the large canting of the Dy moments out
of the (111)direction. "

A similar comparison behveen calculated and ob-
served values of v~" —v„.is summarized in Ta-
ble N. For ErIG me have used the average e-site
moments ~ obtained with M along (001) to calculate
M„/M,„.Note that the val~e of b for d sites ap-
pears to be less than that for a sites and within the
experimental error is zero for GdIG and ErIG.

8. Isotropic Hyperfine Fields

The observed resonance frequenoies (in zero
field) must be corrected for the effects of aniso-,
tropic and Lorentz fields in orde'r to.obtain v, (corr)
and v~(corr), the frequencies associated with the
lsotropic hyperf inc fleld8 at 0 and d slteS. The .

anisotropy correction for a sites has been made by
taking a weighted average over the a and a' fre-
quencies (Table I). (For ErIG we have taken an
appropriate weighted average. over the (100) fre-
qu8ncies to obtain v while v cBn be obtained d1-
rectly. )

Values of v, (corr) and v, (corr) at 4. 2'K are
plotted in Fig. 5 vs lattice parameters (at room
temperature) obtained from the data of Bertaut and

0,

G. Other Garnets

For convemence, values of v,"(0), v,.(0), and
v~(0) for LuIG and YIG (from Ref. 9) are listed in
Table I.

V. DISCUSSION

A. Dipolar Splittinms

CO

N

74.0
UJ

lU

75.0 76.0

I"IG. 5. DyIG zero-field
spectrum at 4.2'K from (a)

- e sites and {b) d sites.

Values of v~, .—v,, calculated (for 7= 0'K) using
the first term in Eq. {2) (the dipolar term) are
listed in Table III for several rare-earth iron gar-

65.2 ' 65.6 66..0
FREQUENCY MHz
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Forrat. For a sites the hyperfine field varies
linearly with lattice parameter with a slope of
about 2. 7 + 0.9 MHz/A. For d sites the slope ap-
pears to be larger (about 4. 1+1.3 MHz/+). The
a-site slope would be approximately equal to the
value obtained in Ref. 11 and corresponds to E
= d (1n A)/d (in') = 0. 15+0. 05, where A is the hyper-
fine coupling constant and V is the sample volume.
The d-site slope corresponds to E= 0.23+ 0.07.
The variation of hyperfine field with lattice con-
stant must be due largely to effects of covalency.
The larger value of Ã for d sites may be related
to the greater covalency of these sites, the effect
having been observed previously at higher tem-
peratures. ~'~'

Note that in the case of d sites the points for
GdIG, ErIG, and DyIG appear to fall significantly
above the straight line as we have drawn it. One
effect that could cause the variation of hyperfine
fields with lattice parameter to depart from a
linear relation would be the transferred hyperfine
fields at iron sites arising from the rare-earth
ions. Furthermore, the effect would be expected
to be greater for d sites than for a sites due to the
relatively larger c-d interaction and would be
gxeatest for those ions like Gd with large magnetic
moments and exchange interactions.

The magnitude of the effect can be estimated by
considel 1ng the transferred hype1 fine f1eM at GQ,

atoms~a on d sites in Ga-substituted YIG. The
field is about 20 kG and arises primarily from Fe
atoms on neighboring a sites. The sign of the
field was found to be along the direction of the
a-site moments. Since the Ga and Fe ions have
similar structures we would expect a similar field
at Fe d sites arising from neighboring iron and
rare-earth ions. The existence of this field has
been shown by Gonano and co-woxkers, who find
the total transferred field in YIG at a sites from
the neighboring d sites to be about 25+ 25 kG and

the field at d sites from neighboring a sites to be

TABLE IV. Comparison of calculated values of
p&" —

p& with the observed values.

pgr r pgr

Observed
pgr r p~r

YIG
EuIG
GdIG
ErIG
GdIG

4.2

4, 2
77
4.2
4.2

0. 00
0. 16
0. 85
1.08
l.40

0.07
—0. 07
—0.66

0. 88
ly 12

0. 13'
0.00+.01

—0.69+.05
—0.93+,05
-1.15+.05

0. 06
0. 07

—0.03
—O. 05
—0. 03

See text.
"Obtained from Ref. S.

Lu Tm Er Y Dy Gd EuSm
I I I I I I I

65.5

about 10+10kG. The sign in both cases is such
that the field adds to that of the parent ion. As-
suming a crude proportionality between the trans-
ferred hyperfine field at a given site and rnolecular-
field coefficients, we can estimate the transferred
hyperfine fields at Fe d sites from Gd ions on c
sites to be about 2 kG corresponding to a, frequency
of about 0.3 MHz. The sign of the fieM would be
such as to increase the d-site frequency as is ob-
served.

It is interesting that the apparently smaller trans-
ferred hyperfine field at d sites relative to a sites
is in agreement with what is found in the spinel and
hexagonal ferrites. ~8

The anisotropic fields represented by the quantity
& may also arise from transferred-hyperfine-field
effects. The value of &, which is typically 0. 3 MHz

corresponds to a field of about 2 kG. This is larger
than the value of 1 kG calculated in Ref. S where
admixtures of 3d44s states with the 3d' states were
considered. Contributions to & could also arise

TABLE III. Comparison of calculated and observed
values of prr - p+r.

Garnet

VIG
LuIG
KuIG
TmIG
ErIG
GdIG
DyIG

Calc~
A p+r r p+r

(G) m„/mM Qmz}

2044 0.00 0.75
2094 0.00 0. VV

1975 0. 16 O. 84
2069 0.25 0.96
2054 1.00 1.51
1994 1.40 l.75
2034 1.46 1.78

p+ rr . p+r

1.Oob

1.10b

1.O3'

1.38'
2.03'
2. O4"

1.6"

0.25
0.33
0. 19
0.42
0.52
0.29

—0. 18

~~(a)
76 2

76.0

75.6

75.4
I i

!2.3 l2.4 l2.5
LATTlCE QONSTANT A

See text.
"Obtained from values in Table I.
cobtained for HO=5. 6 kG (see text).

FIG. 6. Plots of a-. and d-site frequencies (corrected
for anisotropic effects and Lorentz fields) at 4.2 K vs
lattice parameter for several rare-earth iron garnets.
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from admixtures of P wave functions from the lig-
ands into the Fe orbitals which would represent
the anisotropic part of the transferred hyperfine
field. Note that the anisotropic transferred hyper-
fine field would only need to be about 10% of the
isotropic field to account for the observed effect.
Furthermore, the lower value of 4 observed for
d sites may be related to the lower transferred
hyperfine field at these sites.

C. Erbium Iron Garnet

4. 2'K in zero field from '7Fe nuclei in domains of
ErIG). Tcheou and co-workers" have interpreted
their ErIG neutron-diffraction results on the basis
of M being along (111)at 4. 2'K, an interpretation
which must be incorrect. It is interesting that they
find t."-site moments of 6.7 p& and 4. 4 p~'. moments
which agree well with those reported by Qrlich and
Hufner ' for M along (100) [(6.Qa 0. 2) pa and
(4. 8+0. 2) pa], but not with the (111)moments
[(5.3~0.2) pa and (4. 7~0. 2) pa].

VI. CONCLUSIONS

As we pointed out previously in a preliminary
account of the ErIG studies, 4 our results as well
as those of Refs. 20 and 21 indicate without doubt
that the easy direction of magnetization in ErIG at
4.2'K is the (100) direction. Furthermore, since
our results were obtained by cooling the powder
from room temperature, it is apparent that the
(100) direction becomes the easy direction of mag-
netization at 4. 2 'K, even when cooling from room
temperature, in contrast to the statement made in
Ref. 15 (note that we observed only (100) lines at

The anisotropy of the hyperfine field at a sites
appears to be somewhat larger than can be explained
by the dipolar effects alone in agreement with the
findings of Myers and co-workers. The splitting
at d sites appears to be closer to that which one
would calculate from the dipolar effects alone.
While the general trend of the isotropic hyperfine
fields as a function of lattice constant can be ex-
plained on the basis of covalency, there is also
some evidence for transferred hyperfine fields at
Fe iona arising from rare-earth ions.
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