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et il e e T wvae Do dariale Lineladicg olloyr and dnate) at

ZrOCAE0LE BO WY 30T nfera med XD 000 nofsen hes Loen published by
3&1Pﬁ*ingv Tn dp proposed rora Jor the purmose of coTpearison with the
hoery darelosed palow b0 rur oo sd aelefly the zosvlits of measuremeants
on irem, ricks! end wudeli it feagnencics above 100 mef/wxen, 1ncluding

sone 6ota nod aveilabls o Ali-nsen.

S v

Prpardrental ealuor Por lron end steal sre plotted In

. ) 4 - 9 . . 0 . NI, 3§

Fig. N, o8 deterained fxcqﬁ*fa - IToag ant. Jorwe ., Potspepko and Singer” T,
R S 7 A g 15 ,

Tdndran 2, Hoag anc Gothiien ™ FlowhextTo, end i Huwell™W.,  The qurve

lobetad e is &xawy ehreovgd tus neinte far tho eporinental permesbili<ies
dedvetsd from pepistive Lonsgs in e cirenldy eoleaw.t contasindny the ferro-
magnstic specinmsn, whilo (he cse 1nbgl@d;§u is dedvced from the rangtsnce .
ef the clroult element. The relatlonshin Latwnsn M, end g 1gs discussed in
#ha next eeotloa,

The moaguremsnts of Lindmen hove not been takon Into account
16 drrwing the i, curve, since his vslues ave far out of line with those
of fneg and Jonss. Hong and Gottlied, (lathart, and Fotapsnke and Sﬁngera
The spparens dircvepsnay Lisre 2oy be due to real differonces in the di.-
wensivns of surfzce dumein: or in the alegirical corductivity of tne sux-
{age lover oF tae apecimen, MHarwell nes studied the effect of surface

figish on olorowave attenustion in wave guides and finds consldaerabls

€. PR a8, Jeuvri. Inst. Slect. Eng. gg {pt. I1X], 247 (1945);
eee alﬁo. Y. Arkndiew, Jour. of Fhys. USSR 2, 373 (1945).
9. Gesn refeorencs &,
10, J. B. Hoag and H. Jonss, Fhys, Jov. 42, 671 (3922).
11. O, Fotrpsmke and R. Sanger, Raturwiss. 21, 618 (1933); Zeit. f. Phys.
104, 779 (1937).
12, K. F. Lindman, Zett. ¥, Tech, Phys., 12, 159 (1938).
13, J. B. Hoag ond N. Gottlich, Phys, Rev. 5 ? 410L (1939).
14, J, L. Glathart, Phys. Rov. 55, £33 {1939
15, 2. Maxwell. ¢~,T. R.L, Baport 05% (1946} weclassified. The values
of the permeabilitias credited to Maxwell were calculated from hils
values for the attemntion of 1L.25 em radiation in reciangular vave
guides,
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thie ”psrma?bilﬁ*y fleidy; savosdnz 1o could be determined. woul:l be less

nseful (for most purposz:s) than 3 zonvenlent suwn’cr up of tre magnetic

Fehavior of Lhe

permeani lity s &3 follons? Tre Iucedae

o gy o T ? % £y s MY R
{ nfﬂ‘ ¢ . 1 ‘.i\“’{’} } * [ : 5\‘;&1,5.‘.}/ N

L:’l“ ¢ T% R0 ChLC

rotlic neberial

Fin
ol
n

of a circuil elesmert containing the Terroms
be caloulated from Baxwell's aguatilens in the weual forw, olven o and

This calcuiztion can acivally he carried out ia closed Tom for Lhe im-

v

poriant exoperimantal geometivies, such az a roctanrilar wave calde or coax

lirie rescoator.  Suppeoes thal the resnlt of & series of wcasurénertz an
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In Fig. 4}“5 3nd;uL are nlotted tovetber witn the sacothed
experimental curves for iron taken from Fig. .. The arbitrary constent d,
wnich is the thickn-se of the domain {ilv model, has been “aken te be
<. 48 x lﬁ“é cm; tnls value was chosen to make the half-velue oeints on the
wxperinental and theoretical curves ceincide.

It ig secr that the theory oredicts the crder of magnituile
L the enacing batween theiuh audgub curves correctly. The reneral nature
«f the theoretical aemmesblility chenre 1s in sccordance with the exneripesnt.l
data, but whe aiopes of the theore.ical curvew are steoeper tnan the expsri-
menital. The thickness of the film sa within the Limits of reasurslle esti-
matex of domaln dlmensions, slthourh the Lhickness is somewhat an tne
sewl) side.

The tacrepancy in the siopes {8 most likely to v« a:counbec

or by lecar varfsticrs in domaln dimensicas anc oo opersestility, since

vhece variations wiii act to smear nul the olzaescive recion,  Trne al sance
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v
A cerkKS Ln the permeabiiity vao fresu2igy cunve woild be found at hign

) N 2 o
freaquencies; gee [ exavwple the sancy of Landau and Lifgcehivz in

wiish magnetic resomance is oreaicted in pickel at ~-2800 me/zec.

Such affects havz oot veen found experdmontally, and it is
posaibls to see cne ¢of the riasene wny frow the argumeit of thz oreceding
section. The wredictiona have all asslecteod compistely the sffelt of skin
dopts and eddy currents, yet In the freguensy ranae censiceres we have shown
inat ses effects are of uredeninsnt importance

{1z zogeible, howesver, thet magnetic resonence effects may
e odstested Ln the wagsretic oxides arnd swliides of irenzég These are
fervomagnetdc bul have low elen.vizal conductivity, so that the akin depuih

“

¥ii. be much greater thar ia Loe {erroma.metic metals. The ckin deoth in

I I ad

megnetite (Fe,0,) 1576 x 1077 um at 107 me/sec, as comiered w@th 1.6 x 10 “cn
17 iron at the seme {reausncy. The dec. initial permeadlilty <o of msgneiite
iz =17 Mezsuremeats on filxs of farromagnetic materfials should alss be
pertinent wnen tie by thickness Ls less than the caiculalea skin depth.

The resonance phogomencn may be understood az oecurring when

the frecuenzy »f the apolied {izla is egual to the Larmor reouency of the

aromic sovins ir the internul arisotropy field., This {s the fieic due 1o

i,b
s
o
3]
Ll

soln~ortit interactions and distvinecu enerreticaiily different clrectiong
2 mrnetieation in the oryeiar .atuice. llipoce the anisotropy fleia te of
pawrz, the cusresconding Larmor frecusncy Ls 10 the misro.

the arder of 1000 ¢
wo Ve ranfreé,

It i ‘rterecting wo conaider a zlassical move. o owilah o
atuma are replaced by nco-gyroscooic bar maenels nivoted at tre sattice

reints of the crystal. Aith zern acplied ffeld zach masnet ‘8 atirached

see alse A. Guns ana k. Ge. Loyarte, 4dnn.d.Fnys. [1V]

4 .3 L. Pae, Phys. hev. 2%, 486 (1923); J. Dorfrann,

Zeit. f. P 7, 58 {192¢,; K. Kartschavin, Ann. o. Phys. {1V
A7, 325 {1922}. The experiments by Kartschacin and cthers in which
”econan.e vhenomena wore revsrted are now Jlscredited.

29, The interesiing possibilities of the ferromagnetic semd conducrtorn
were pointed out wo bhe weiter by Prof. A, v, Hlppel, who 23 niarn.
to tnvestiipate them experimentaily.

- iviernationsl (ritfca’l Tabzes, vol. Vi, p. 74

27, heference
P [ 4




in & definito direstion relative o the lattica by means of individuel
colled springs representing the spin-ordit interaction, and the magnets
will oscillate in an epplied field with a component perpendicular to the
rest position of the magnets. The sine of the angle of oscillation is
proportional to the macroscopic magnetization. Resonance occurs when the
applied frequency is equal to0 the free period of a magrnet + epring unit.

The bar magnet enalogy supposes that tho relaxation time of
the spins 1s sufficiently short so that gyroscopic effects may be neglected.
It is not usually recognized that this agsumption is bveing made, If this
assumption is not true, the spine willl precess about the fleld direction
without lining up, It is indeed a prersquisite for any type of magnetization
that the mesgnetic woments have time in which to line up in the instantaneous
local field to which they are sudjected. The calculation of the relevant
relaxation time is & problem in the kinetics of thermodynemic equilibrium,

The time-dependent processes can be descrided by assuming the
existence of a relaxation time, as was done by Gorter and Kronig for para—
magnetic relaxation, and by Landau and Lifechitgz for the ferromagnetic case.
The quantum mechanical calculation of the relaxation times, starting from
the detailed interactions of spins with the lattlice, is extremely difficult
and uncertain. OCalculations for the paramagnetic case have been made by
Weller®® end others. No calculations have been carried out for the farro-
nagnetic case, so far s the author is aware., It seems plausible to suppose
that the strong spin-dspemdent coupling in ferromagnetic materials will
assure that the relaxation frequency will occur above the microwave range.
This question should be looked into more closely.

1t should be noted in passing that the collision frequency
of the lattice phonons at room temperature is ~1012 collisions per second, as
ostimated from values of the thermal conductivity of non-metallic crystels,
This figure determines an approximate upper limit to the order of magnitude
of the spin relaxation frequency. The actual spin relexation frequency may
be lower depending on the strength of the coupling between the spins and the
lattice. In metals the relaxation frequency of the lattice phonons is
estimated to be of the order of 10*% goc™* at room temperature, based on

electrical oconductivities, ~

28. See, for example, 1, Waller, Zeit, f. Phys. 72, 370 (1933). The
wri:;er is md.obt;d to Prof.'l‘. ﬂ;n.for several discussions of the

paranegnetic relaxation problem,
=18




. . e
sreodlew” fipst megcsted Lhat addy current effects might

>

be Awrovtent in rerronernetls dlspersion. Thle aonproach was devs
furtlher by Eecker239 wio poilobed out tihat the 1ocal microscopie sddy
carreats asscciasted with tha movement of damain‘bmundaries and the

rotatior af donains eeb up & mepunstic fisld which opposes the applied It eid.
Thie back fleld adde & term v the coueilons of motlen which is prosortionsal
to the reloaity of boundary mivemein or soln rotation; that 13, the eddy
currents beheve likez a viasosws fores, mecker' & treatment glves & pood
cualitative account of tne 5amping A ivroversibla dienlacements character-

12ing megnetization in mediun fioide, at Trequencies helow the mlcrowevs

wrige, asthough an aposrent & tv in reconciling tress results with

the measurements of Sixtus ama Tonks on the velocity of boundary prcwagatioﬂ
hus been sugrested by Mina - an %uauwengvt It shovld be pointed o th
the local eddy current affects crnsidered by Becker have ac direct on-
pecticn with the nse mads of ihe eddy currert eoustion in the present
paper, according to which the incouplets pemetrailon of the surface domains
by the applied fisld is the mejor cause of dispersion.

Becksr also huwe given a calculation for the dispersion of
the initlal permeabiitty, znd this calcvlation leads to results ir. zome
respects sisilar to those of ithe wresent paper. The “back field 4s cal-
c.lated am in the medium fiszld strength case just mentioned. The basis
of Pecker's thsory supposes thal the skin depth is groater than the domain
dimensions, sc that the celenlation is not gpplicable to the microwuve ranpe,
where the siin depth is less than the domsin dimsnsiona. At % x Lﬁg me/8ec
the =kin depth is only ~0:.1 ¥ the <omain thicknesas.

The present theory probably could be improvec by werking with
a mors compiicaten wodel than that of a film one domain thick. Lif the fiim
1s backed on one side cy & mess of ferromarnetic material the moticn of tn

iomaln boundartes in bhe flim wiil induce sady surrents la vhe vacking

<7. W. Arkadiew, ©. R, Acad. Sci. URSS {Dokiady’) 2, 204 {19&p
reference 2.

8. OSee reference 4.

26, H. J. van lLeeuwer, Physica i, 30 [1944).
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Kelation of lwirinsic Surfeee Imnedsnes to Resistive Losaes

and_Inductencs o: Filp

v cen be showmn Lhat he revistive lossez inm ths fiim
considered in Section IV ami Lhe conmtritutlion of the film to the
inductance of a ¢irculi eleasnt arce related directly to the intrinsic
surface impedance whicn is defined =ccording to Do. (22) by 2 = Ez/Hx’
evalurted at y = do

The average rats of enargy inzs par unit ares neormal to the

¥ directien ie piven by the averege value of the Foynting vector

S = - Rtele, 48} T (4} H(a)],
£2 e

wnen it is recslied that the film has two surfaces, Now Ez = 2 Hx’
80 that

S = - (c/4s) 1 (d) HX(d) Relz],

a well-known result.

The contribution of tie film %o the inductance of the
magnetizing circult is ziven by the nuotient of the maynetic flux through
the film by the current in the megnetizing clrcuit:

d
L = Refp j i av/dl
-l -

Now J = (c/4:)Hx(d) and pH, = + He/w)(SE,/&y), so thst

wl = 8x Re[3Z] = - Bx Ixn{Z].
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