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A calculation of the conditions for the extrema of the magnetic permeabilities in the
region of ferromagnetic resonance is carried out. On the basis of the results obtained,
formulas are derived for the determination of the gyromagnetic ratio and the relaxation
time from experimental data. In the J)roposed method the calculation of the parameters
of ferromagnetic resonance is carried out for fields of magnitudes corresponding to ex-
trema of the magnetic permeabilities. Consequently, the necessity of calculating the
maximum value of the magnetic permeability i, (or’p "),which is the source of a [arge
error (greater than 25%) in the determination of the relaxation time, disappears. It is
shown that the method of calculation of g and T for fields of the extrema is applicable
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in cases where it is

bility [ (or p”).

impossible to calculate the maximum values of the permea-

1. INTRODUCTION

TFE phenomenon of ferromagnetic resonance was
discovered and first studied in 1911-1913 by
Arkad’ev!s?2. While investigating the behavior of
iron and nickel in high fre quency electromagnetic
fields (of wavelengths from 1.7 to 73 cm) he dis-
covered, in the wavelength region from 2-6 cm, a
band of dispersion of the magnetic permeability
and maximum absorption of electromagnetic energy.
He explained the results which he obtained as con-
sequences of the resonance of elementary magnetic
dipoles.

In these works Arkad’ev first introduced the
complex magnetic permeability of the material

P-'=P-‘—ip'

and showed that as the frequency of the external
magnetic field is changed under given conditions,
there must exist a band of dispersion of pand a
maximum in p”

Dorfman?® was the first to explain the phenomenon
of ferromagnetic resonance on the basis of quantum
mechanics, while Landau and Lifshitz* carried
out a theoretical calculation of the magnetic
permeability of a single crystal for alternating

lv.K. Arkad’ev, Zh. Russ. Fiz. Obschestva 44, 165
(1912).

2 V. K. Arkad’ev, Zh. Russ. Fiz.-Hhim. Obschestva,
ch. fiz. 45, 302 (1913).

3 J. Dorfman, Z. Physik 17, 98 (1923).

% L. D. Landau and E. M. Lifshitz, Physik. Z.
Sowjetunion 8, 153 (1935).

fields without hysteresis. Starting from con-
temporary ideas of magnetic structure and proces-
ses of ferromagnetic magnetization, they obtained
formulas determining the dependence of the real
and imaginary parts of the complex magnetic
permeability of the material on the frequency of
the external field. It was shown in this work that
for definite frequencies of the external field there
must exist a resonance absorption of electromag-
netic energy and a dispersion of the magnetic
permeability. Frenkel’®, in a quantum calculation
of the resonance absorption in paramagnetics, also
considered the question of the quantum treatment
of ferromagnetic resonance.

Further theoretical works®-8 developed the
basic ideas of Arkad’ev, Landau and Lifshitz. In
these works studies were made of the effectof the
finite dimensions of the sample (demagnetizing
field), the magnetic crystallographic anisotropy of
a ferromagnetic, and eddy currents on the phenome-
non of ferromagnetic resonance. In the works of
Kittel® and Bloembergena, a calculation of the
high-fre quency magnetic permeability is caried out
for the case of a homogeneously magnetized single
crystal under the action of a weak alternating mag-
netic field. In this calculation no account is taken
of hysteresis nor of possible inhomogeneous con-
ditions for the various parts of the ferromagnetic.

51a. 1. Frenkel’, J. Exper. Theoret. Phys. USSR 15,
8 (1945).

6 C. Kittel, Phys. Rev. 70, 281 (1946); 73, 155 (1948).

7 J. H. Van Vleck, Phys. Rev. 78, 266 (1950);
Physica 17, 234 (1951).

8 N. Bloembergen, Phys. Rev. 78, 572 (1950).
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However, the formulas obtained by these authors
for the magnetic permeability seem at present to
be quite correct and give satisfactory agreement
with experimental results. Accordmg to reference
8, the dependence of the real and imaginary parts
of the complex magnetic permeability of the sub-
stance on the constant magnetic field and on the
frequency of the alternating magnetic field, with
account being taken of the relaxation time, may be
written (for a polycrystal) in the form:

2
m?(mg——w )

— (1)
# (mg — m2)2‘ + (40;2/ 7-2)

L coi 2o/ T (2)

P @— ) + e 1)

Where

Wb =7 [H + (Ny— Ny) L] ®)
X [H+ (N:— N,) [} + T2,
= 4ny2 [H + (Ny — N;) [5]. (4)

N_, N, N_ are the demagnetizing factors along
x y z

the corresponding axes, /_ is the saturation mag-
netization of the sample, T is the transverse re-
laxation time, @ is the angular frequency of the
alternating magnetic field, H is the external con-
stant magnetic field, y = eg/2mc is the gyromag-
netic ratio for the electron, g is the Landé splitting
factor. It is supposed here that the constant mag-
netic field is directed alon g the Z axis and the
high-frequency magnetic field along the X axis.
The effective magnetic permeabilities as given by
the coefficient of absorption p, and the index of
refraction p , are connected with the magnetic per-
meabilities of the substance by the relations®:

pr=Vp2+p%+0, )

=V +o?—p. 6)

Ferromagnetic resonance under conditions of a
simultaneous constant magnetic field and a high-
fre quency magnetic field perpendicular to it, both

V. K. Arkad’ev, Electromagnetic Processes in
Metals, vol. 1I, Energoizdat, Moscow, 1936.

———————.
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acting on the ferromagnetic, has been studied in
many experimental works'%-16. In these experi-
ments the frequency of the alternating magnetic
field was fixed and the constant magnetic field was
changed. The results of the experiments with
polycrystalline samples and single crystals, with
metals and polyconductor (ferrite) ferromagnetics,
basically confirmed the theoretical calculations and
made it possible to establish the fact that the
splitting factor g determined from experiments on
ferromagnetic resonance is, in the overwhelming
majority of cases, greater than two. The value of
the magnetomechanical factor determined from
gyromagnetlc experiments, g, is always less than
2. Kittel!?, and subsequently Van Vleck?, gave an
explanation of this discrepancy depending on the
spin-orbit interaction. However, their formula

g-2 =2-g’is not confirmed by the experimental
results: it turns out that in the majority of cases
g-2>2-

One of the most essential questions of the
theory of ferromagnetic resonance is the question
of the width of the absorption curve. The theoreti-
cal calculations give aresult smaller than that ob-
tained from the experimental data. In connection
with this it should be noted that the above indi-
cated discrepancies between the experimental and
theoretical results should not be considered as due
solely to the imperfections of the theory. It is
also necessary to give attention both to the more
exact development of the actual methods used in
the measurements and to the development and sub-
stantiation of methods of determining the para-
meters of ferromagnetic resonance (g, T') fromthe
experimental data.

In the determination of the splitting factor g it
is customary under the condition of maximum ab-
sorption of electromagnetic energy to neglect
the term containing the relaxation time®. This

10g k. Zavoiskii, J. Exper. Theoret. Phys. USSR 17,
883 (1947).

11 w. A. Jager and R. M. Bozorth, Phys. Rev. 72, 80
(1947).

12 A. F. Kip and R. D. Arnold, Phys. Rev. 75, 1556
(1949).

13 y. N. Lazukin, Izv. Akad. Nauk SSSR, Ser. Fiz. 16,
510 (1952).

14 1 A. Shekhtman, Izv. Akad. Nauk SSSR, Ser. Fiz.
16, 498 (1952).

15 W, A. Yager, Phys. Rev. 75, 316 (1949).

® W. A. Yager and F. R. Merritt, Phys. Rev. 75, 318
(1949).

17 ¢, Kittel, Phys. Rev. 76, 743 (1949).
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neglect could be considered legitimate if there
were obtained from the experimental data at least
an estimate of the relaxation time. However, the
methods of determining the relaxation time are
very often either insufficiently substantiated or
involve large errors. The relaxation time is often
determined by making use of the approximate re-
lation Bh max = 2P ’max, from which it follows that:

1 / T = (,\)i/b)p.h max:»

A calculation of p,  is essential for this

method of determining the relaxation time. Such a
calculation involves a large error, and under
certain experimental conditions it is impossible
to carry it out. Thus, for example, in the case
where the measurement is carried out with the
help of a cavity resonator, it is necessary to cal-
culate its quality factor O, which is determined
only from the losses in the ferromagnetic walls®,

A calculation of the quality factor can be carried
out for resonators of simple form, but cannot be
carried out for resonators of complicated form,

since the structure of the high-fre quency field in
the cavity of the resonator is very inexactly known.
Conse quently, this method of determining the re-
laxation time cannot be applied with resonators of
complicated form. In those cases where the cal-
culation may be carried out, it gives too large a
value (), since, on account of irregularities and
scratches commensurate with the depth of pene-
tration of the field into the metal, the operating
surface of the wall is greater than that obtained

by calculation. Rloembergen® estimates that the
error in the calculation of Q, does not exceed 10%,
but he does not substantiate his estimate.

A comparison of the experimental and theoretical
calues of the quality factor !® shows that the in-
dicated discrepancy is significantly larger than
10%, increases with increasing frequency and de-
pends very strongly on the treatment of the wall
surfaces. THis latter fact makes the estimation
of the error in such a calculation difficult. Even
with an error of 10% in @, the error in the cal-
culation of p, __ reaches 25%. However, it is

significantly larger, since (, is calculated with
an error of more than 10%, especially in the wave-
length region A <3 cm.

In order to calculate p, __ one must know p,

18 F. Horner et. al., J. Inst. Elec. Engrs. (London) 93, 21
(1946).

for some value of the external magnetic field. It
is customary to take g = 1 for magnetic fields
in which suppression of ferromagnetic resonance
occurs. Such a choice of p, imposes definite re-
quirements on the manner of conduction of the
experiment, since a suppression of the resonance
must necessarily be obtained, that is, one must
necessarily use a constant magnetic field sig-
nificantly exceeding the resonance field. This
requirement complicates the experiment and very
often is not fulfilled even with the use of com-
paratively strong fields (curves for nickel and
supermalloy® for a fre quency of 9030 mc and for
supermalloy 11+15:16 for a frequency of 24,000 mc).
Bloembergen 8, in a calculation of the relaxation
time for frequencies of the order of 24,000 mc
(nickel and supermalloy), uses the value of p, for
H =0. The choice of this value (p; =0.8-0.9
was taken in reference 8) was determined by the
condition of the best coincidence of the experi-
mental and theoretical curves in the region of
minimum absorptionp. This manner of computing
the relaxation time, based on the selection of a
value of p, is not completely convincing.

In connection with the fact that at the present
time theoretical and experimental works are di-
rected toward the detailed study of the phenomena
of ferromagnetic resonance and the obtaining of
qualitative results, there arises the necessity of
developing such methods of me asurement and of
treatment of experimental data as will guarantee
increased accuracy in the determination of the
parameters of ferromagnetic resonance. Hence the
aim of the present work is the analysis of the
dependence of the magnetic permeabilities in the
region of ferromagnetic resonance on the constant
magnetic field and the determination of the condi-
tions under which maxima and minima in the mag-
netic permeabilities of the substance (p, p’) and
in the effective magnetic permeabilities (1, )

will occur. On the basis of the obtained condi-
tions on the extrema, methods are found for
determining the splitting factor and the relaxation
time from the experimental data (absorption curve
and dispersion curve ). Theoretical curves giving
the dependence of p, p*, p, and p, on the constant

magnetic field // are given in the Figure.

The region of maximum absorption ( maximum
p or i, ) and the region of dispersion (minimum
and maximum p or maxima in un) are investigated
in the overwhelming majority of the experimental
works. The structure of the expression and the
course of the curves for p and p “and for K, and p
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in the Figure are close to the formulas and the
course of the curves for dispersion and absorption
in optics. Consequently, we may surmise that the
difference in the fields corresponding to the maxi-
mum and minimum p(H) and the difference in the
fields corresponding to the maxima in p_ (H) are
determined by the relaxation time.

In the investigation of ferromagnetic resonance
the experimental data are obtained in the form of
the dependences on the magnetic field of mag-
nitudes proportional to the square root of y or p”
(for example, the attenuation of a cavity reso-
nator with a ferromagnetic wall) and the square
root of p1_ or p (the resonance frequency of such
aresonator). The positions of the extrema of these
quantities will coincide with the extrema of the
corresponding magnetic permeability. Hence, in
order to determine the parameters of ferromagnetic
resonance (y, g, T) it is necessary to find the
conditions for extrema in p(H), p"(H), p (H)
and p, (H).

Retore beginning the determination of the con-
ditions for the extrema, we note the following
special feature of the calculations which are to
be carried out: all the conditions for the extrema
are obtained as approximations, an evaulation of
the accuracy of which is carried out, proceeding
from the magnitudes of the quantities character-
istic of samples made from metallic ferromag-
netics in the form of plates for the wavelength
region above 1 cm. For the evaluation, we take

———————

the following values of the quantities: field cor-
responding to maximum absorption H = 103 ger-

steds; N, =N, =0(small in comparison with Ny);
dnl = 104 gauss; w? = 1020 sec?; y2 =3 x 104

oersteds™? sec™2; T-2 = 102° sec™?; (ur‘l’ = 1022 gec?,

2. CONDITION FOR MAXIMUM p“(H)

The condition for an extremum in p’(#) can be re-
duced to a second degree equation relating to the
quantity o = “’(2) - ?. Making use of an evalua-
tion of the quantities entering into this equation,
we obtain the following approximate magnitudes

of the roots:

20?2
oy =

=—,
T?w]

Ay = 2(1)?. (7)

The first root gives the condition for maximum
),

P>
or, with an exactitude of the order of 2%, )= .
This equation determines the field Hop scorres-

2
— )2
ol =o? (1 + Toa?

ponding to the maximum value of p“(H).

The second root determines a field of order
8ml, and for it this estimate of magnitude is in-
correct.
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3. CONDITIONS FOR EXTREMA IN p(H)

The condition for an extremum in p(H) can be
written in the form:

a3—5a2+a+6=0,

where

o —o? = (20/T)a, B=wT/20.

Using the ordinary method of solving cubic
equations 9 we obtain approximate expressions
for the roots, neglecting terms of order 1/8% < 1,

=148, ag=§.

o =—1-+f71,

Then the conditions for the extrema of p(H) can
be written in the form

2@ 20
02, —o'=——1—— >’ (8
o T\ Tmflu-
20 20
©? —w2=—<l—|— >, ©)
o2 T T“’izp
where
oy = R (H), 0 = 03 (Hay),
2
©h = 01 (H1), Oy = 0 (),

Hlp and H2# are the values of the constant mag-

netic field which correspond to the minimum and
maximum values of p(H). The root o, gives
a condition analogous to (7).

4. CONDITIONS FOR MAXIMUM 1, (H)

The determination of the conditions for maximum
My (H) leads to the necessity of solving an al-
gebraic equation of higher than the fourth degree.
Consequently, in the solution of this equation it
is necessary to use approximate methods, taking
into account the character of the behavior of the
functions pu(H) and p’(H). In the region of maxi-
mum p “(H) the values of p(H) are near unity and
are small in comparison with the values of p” (H)

19 1,  la. Okunev, Higher Algebra, Gostekhizdat,
1949,

in this region. Hence we may suppose that the
conditions for maxima in p, (H) and p’(H) are
near each other. Starting from this, the condition
for maximum g, (H) can be written in the form:

2
0

tion dy, /dH =0 leads to a linear equation in «,

and, on evaluating the quantities entering into it,
we obtain:

0? = 0?(1+ a), assuming that o < 1. The equa-

o = 4/3w2T2.

Consedquently, the condition for maximum p (H)
will be:

4
30)%,{1"2

w2, =02 (1—}- ) oiv=w,(Hn)  (10)

This equation determines the constant magnetic
field H , for which maximum p, (H) occurs, that

is, maximum absorption of the energy of the high-
fre pency field in the case where the penetration
depth is less than the thickness of the sample. In
accordance with the accepted evaluation of the
quantities involved, we may write, with an accuracy
of 1-2%, w,, = w. If we use the values of the

quantities which were assumed for this evaluation,
then Hop +=Hy, = 1oersted, that is, the difference

in the fields corresponding to the maximum values
of p, and p“lie within the limits of the error in the
measurement of the field.

5. CONDITION FOR MAXIMA IN p (H)

An analysis of the equation dp_/dH =0 shows
that it becomes considerably simpler and can be
solved exactly if we assume

d(.og 0’% (wﬁ — ?)
ar="% *= (0F—0?)+ (404 T (1)

We can substantiate the first simplifying condition
to a certain extent by the fact that the basic course
of the dependence of the magnetic permeability

on the constant magnetic field is determined
mainly by the field entering into (og. The second
condition receives some confirmation from the

fact that the calculation is carried out for a region
of field near the region of maximum absolute
values of p,which are determined by the first
component in (1). The considerations introduced
make it possible to suppose that the conditions
for extrema in p_(H) found on the basis of the
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simplifying assumptions will be near the condi-
tions for the extrema which are obtained if we
take account of the exact expression for y and the
dependence of wl on the field. Solving the equa-
tion dp /dH = 0 while taking account of (11), we
obtain the following conditions for the extrema:

W —o=—2}30T, 12)

0, —o? = 2V 3 w/T.

If we now take account of the dependence of a)21
on H and the exact expression for p in the form
(1), then the solution of the equation dp_ /dH =0
in the region of fields H > H , can be sought in
the form:

02— o? =(2V3—0)/T)(1 + o),

assuming oo < 1. The equatlon dp,/dH =0 can be
reduced to a linear equation in o ( neglectlng
terms of order a.? and higher in comparison with
unity ), and we then obtain

_8V3 ® (13)
3 T(n ’

For the assumed estimate of magnitude s, o= 0.05.

The problem of the extrema in the region of fields
H<Hg, is solved analogously. As aresult of

these calculations, we obtain the conditions for
the first end second maxima of p_ () in the form:

2 V3—(x) 8 ]/3— PR
[} Jp— (02 == — <1 - ______)
o1n p ’ 14
! Tay,)
wgw—mz:zl[;’w (1—}—8123 ‘02 ) (15)
Tolsn
where
m?)m = mtz) (Hln)’ "ngn - 0)(2) (Fan),
w? =2 (M), @2, = 0?2 (My,),
Hl and H, are the magnitudes of the constant
n

magnetic fleld corresponding to the first and

second maxima of p_ (/). From the evaluation
of o there follows the possibility of using Fgs.
(12) and (13) as approximate conditions for the
extrema in g (H). The error in using these ap-

. PIL’SHCHIKOV

proximate conditions may be estimated from Egs.

(14) and (15).

6. METHOD OF DETERMINING THE GYROMAGNETIC
RATIO AND THE RELAXATION TIME FROM
EXPERIMENTAL DATA

In the investigation of ferromagnetic resonance
in metallic ferromagnetics, one most fre quently
meets with cases in which the penetration depth
is less than the thickness of the sample, and
the absorption is determined by p, and the phase
relationships by p . Hence, let us consider a
means of determining the parameters of ferro-
magnetic resonance in this case, assuming that

H,,. H,, and H, are known from experimental

Using Fgs. (14) and (15), we obtain

results.

o2 w2 V3w (1 4V3w mizn mfln )
— = — 5 .
02n 01n T \ T 03,0

Taking into account the evaluation of the mag-
nitudes entering into the second member in the
parantheses, and assuming H, - H, =5x 102

.9 2 102l
oersteds, we obtain 01y, = ®7, =~10°. Con-

seqently, allowing an error of less than 0.3%,
we can discard the second member in the
parentheses. Then the expression for the de-
termination of the relaxation time will be [using

Fq. (3)]:

1
- (16)

_ T Hyy — Hy) [y + Hyy + (N + Ny —2N,)1 ]
4V 3w )

In the determination of the relaxation time it is
not always possible to use the formula obtained.
Thus in the wavelength region A >5 cm the first
maximum g lies at comparatively weak fields, in
which the sample is not magnetized to saturation.
Hence the position of the first maximum # does
not correspond to the conditions considered in
Sec. 5, and the magnitude of the field correspond-
ing to this maximum cannot be used for a calcula-
tion of the relaxation time.

The experimental results in the indicated region
allow the use of the field determining the maximum

Using Egs. (10)

~ 102 oersteds,

#, and the second maximum p .
n

and(15) and assuming H, - H,
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we obtain the following expression for the de-
termination of the relaxation time:

2 2
1 Ooon ™ Qpp (

T V30

2V3 o
- )

Y T‘”gzn

The second member in the parentheses ~ 0.03;
consequently, discarding it, we obtain an expres-
sion for the relaxation frequency (1/7') increased
by approximately 3%:

1
T (18)

_Y?‘(H2n— Ok) [H0h+H2n+(Nx+Ny_2Nz)Is]
o 2V3 )

In the study of ferromagnetic resonance in the
region of comparatively short waves, a fairly strong
field is necessary in order to obtain the second
maximum of p . If the second maximum of p is

not obtained experimentally, then we may use the
fields corresponding to the first maximum of p_ and
to the maximum p, . As aresult of an analogous
calculation we obtain:

2 2  —
1 o — OG;, 2V3 o \
—_— == l
T 2V3 (+ 9 T"’Em}’ (19)

or, approximately (the magnitude of 1/T will be
decreased by 3%),

1

% (20)
_ Y (Hy—Hyp) [Hyy + o+ (N o+ Ny — 2N,) 1]
= V3o '

The formulas obtained for the calculation of the
relaxation time are not of equally good accuracy.
As follows from the very derivation of the
formulas, the determination of the relaxation time
by the two maxima in ® is considerably more
exact. Consequently, if the conditions of the
experiment allow the use of the two maxima, it is
necessary to use Eq. (16). The results of the
calculation of the relaxation time using Egs. (18)
and (20) can be made more exact if we introduce
corrections in accordance with Egs. (17) and (19)
and calculate the first approximation for 1/7. In
the terms determining the correction, the value of
1/T should be taken from estimates according to
Egs. (18) and (20).

Any of the formulas (16), (18) and (20) can be
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written in the form

I/T = 'sz, (21)
where p is determined, depending on the extrema
with respect to which the calculation of the re-
laxation time has been carried out, by comparison
of Eq. (21) with Fas. (16), (18) and (20).

The condition for maximum jt, may be written
in the form

or=1q+T7 (22)

q:[H0h+(Nx_NZ)IS] (23)

[Hoh + (Ny—Nz) Is]-

From Egs. (21) and (22) we obtain a formula for

the determination of the gyromagnetic ratio:

(24)

Formula (24) makes possible the determination of
the gyromagnetic ratio from the values of the
field corresponding to maxima of y, and M, taking

account of the 1/72 term in expression (3) for w%.
Naturally, the use of formula (24) for the calcula-
tion of the gyromagnetic ratio makes sense only
in case the relaxation frequency 1/T is commen-
surate with the frequency of the electromagnetic
field, o. If 1/Tw « 1, then it is simpler to use
the formula y = 0/v/q .

If there exist conditions in the experiment such
that the depth of penetration of the field into the
ferromagnetic is considerably greater than the
thickness of the sample, then the absorption is
determined by p“and the phase relations by p. In
this case, using the conditions for extrema in p”
and g, and carrying out an analogous calculation,
we obtain the following relationship:

2 2 2 2
1 _ “o2p™ %np 1+ 0 O Ony
T 4o T & @2 .
12 11

If we assume that HZp. - Hlli =3 x 102 oersteas,

then the second member in the parentheses is of the
order of 10; consequently, allowing an error of
the order of 0.1%, we may write:
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1 (25)
T
Y (Hy,— Hy) [y, + Hyy + (N + Ny —2N,) 1]
= = .

On using the maxima of p and p”,

2 2 3
A Do p T Poer (l © )
= — ,
T 20 Tw?, .

or, approximately (with an error of ~ 1% ),
4 (26)
T
¥ (Hy, — Hop) [Hoy + Hyy + (N, + N, —2N,) ]
- 20 :

For the case of the minimum of p and the maximum
of p’

2 2

1 ©p " 91p o
T 2w (l+ T )’

Ol

or, with an error of ~ 1%,

1 27
T
Y (Hyy — Hy,) [Hy, + Hyg + (N, + N, — 2N,) 1]
= = .

Theremarks concerning the accuracy of Egs.
(16), (18) and (20) and concerning the introduction
of the corrections for the calculation of the first
approximation for the determination of the relaxa-

tion frequency also are completely applicable to
formulas (25), (26) and (27).

CONCLUSIONS

The proposed method of treating the experi-
mental data for the determination of the parameters
of ferromagnetic resonance uses, besides the
usual initial data (, N, Ny, Nz, I ), the values

of the constant magnetic field which correspond
to the extrema in p, and p (or p”and p). The

essential advantages of this method, in compari-
son with the method based on the calculation of
the maximum value of g, (or p”) are:

1. The necessity of calculating the reso-
nator’s quality factor ¢, which depends on the
losses in the ferromagnetic walls of the resonator,

A. L. PIL’SHCHIKOV

disappears. This considerably broadens the pos-
sibilities in the study of ferromagnetic resonance
since resonators of complicated form, for which
such a calculation is impossible, can be used.

b

We can dispense with the rather complicated tech-

nology of soldering the sample to the wall of the
resonator ( see, for example, reference 8) and in-
stead can place the sample in a suitable place in
the cavity of the resonator.

In the case of resonators of simple form, the
error in the calculation of ¢ has as basic source
the error in the determination of the relaxation
time, which exceeds 25%. The basic eror in the
determination of the relaxation time by the fields
of the extrema is connected with the error in the
determination of the difference of the fields
corresponding to the extrema, which error de-
pends to a considerable extent on the sharpness
of the extrema. The difference of these fields
ordinarily consists of a few hundred oersteds and
can be determined with an accuracy of not less
that 5%. This guarantees a more exact result for
the relaxation time.

2. In the use of the proposed method of treating
the experimental data in order to determine g and
T, the suppression of the resonance is not re-
quired. Consequently, in carrying out the experi-
ment we can use a considerably smaller region
of constant magnetic fields. It is sufficient that
the experimental data be obtained in a region which
includes the extrema of p (or 1), and it is even
sufficient to obtain one of these exirema and the
maximum of g, (or p*).

3. In case the suppression of the resonance is
obtained, the use of the values of g and T ob-
tained by the proposed method makes possible the
determination of the absolute value of the mag-
netic permeabilities p , p,, p, p” and the

estimation of the quality factor Q from experi-
mental data.

It should be noted that it is necessary, in using
the method of the fields of the extrema, to obtain
the absorption and dispersion curves experi-
mentally. This complicates the experiment some-
what, but with present day technique the measure-
ments do not present great difficulties.

The author wishes to express his gratitude to
Professor S. D. Gvozdover, under whose direction
the present work was carried out.

Translated by M. G. Gibbons
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