CHAPTER %

APPLICATIONS OF THRE CRWENIS TUNCWIONS

.1 Qorrelation Functions

The Tour Green's functions for the normnel apinel ferrite
chteined in eqs. (3.31a)x(3:3W/are in terms of the correlaiion

functions \A A /, 5 (" ) --'\. B fl and <u ,,a. Using the def-

inition of the come]atzm_ functien (2.50) vhere t goes to zero,
ve con obtain the foyf correlation functions in terus of the ab-

solute tenuverature agid/the@dhlied wagnetic Tield as follows
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i
wher: (jk = J’(E) - Jd'(0), {jkf JI(ETE') - J'(El)’

l

] "
Oy = 3" = 3"0), Oy = 3"(k-k') - 3"(k),  (%e2)

and b, E , E+ are defined in egs. (3.3%a)=(3.3kc).

These correlation functions have to be self-consistently
calculated if the magnetination and the resonance suscentibility
as will be studied in the nekxt sections arc to be ohtaineds For
high tempcratures vhers coth EEXEkBT - akBT/Ei’ the above corre-

lation [functions become, ssuning zero appliad magnetic field
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i / 7 ) .
where .‘ffl{., GE, b/}f’ end/ G‘E('. are given by eqg. (4.2) and a, b
are given by ecqse. (3.}ﬁb),r(§§540), respectively.

The above is a/sét of monlinear siuultencous cquations

which in general, can bédlselved-only by numerical means.

4.2 _Magneiizafion

The magunetization of the normal spinel ferrite can be

written in the usual way as

Vi - zh a W o 4 ol
11 = NAE&}IH (A ) + hDquB( B )’ (1{“ )

where ”ﬁ’ M., are the number of ions in the A, B sublattices,
&

respectively, B,» Bp are the g=factors for snin of ions in the

B

Ay, B sublattices, rcspectivaly,/d

(B“) arc the nverape value of the zm-conponent of spins ., B,

T— 5 Z
iz the Bohr nmagneton and {a >,
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respectively.
g z\ Z : - .
The calculation of {aA”) and (B®) can vbe done by writing

the correlation funections iﬁ the form

W, (a) = {e® agaty = aaenl@ - 01 - D), (h.52)
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\L/"B(‘J) = <ebB B;_B{) = B(B+1 )Qt'(b) = Der:(b) - Digﬂ\_{éb)’ (Lth)
where D, = é% A DN é% '
z, ‘ .

Q0 = (500 Qge) = P (46)

The two quuntities @;A(&)nand'égg(b) can alsc be sxpanded in

terms of those quantities defined in €ds (4.6) such as

A1) (T4 v (e D)) = (e™-1)DN (=),

@, (a) =
(4.7a)
D) = BB ™=K 0) + (74D 00) - (-1 ().

(4.7b)

We now inta et} :ions 1 Ik, and Y (1
We now introduce the function //‘\(“_',a) nd %B(_S,b)

which are related to y:n(a) and y,p(b) by the relations
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‘%B(b) = ;‘;‘ 3 -i;&B(_lgsb) B ﬁll;: % {ebB -B;',}. (4.8b)

In ternms of the Green's functions, 9&A(E,a) and }bB(E,b) can be

written as
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Upon substituting &8+ (3.31a) and €3:31d) into egs. (4.9a) and

(4+.9b), respecctively,. we get the-following relationships

ar” = 4 - 11 A+VA“4bn By AN el . P
{2 ) ©

A A ) = (a) =~ | +=———aeme= cOth s - - coth e
Kk A 2 e 2l T ) - §E3T

L 2\!.\ +4n 2VaT4+hn '

= g 1, (4.10a)
< B B > = & (b) : &Z-A_+4% coth %:— - &:~£iiig coth ?;E;-
Kk T B ‘2- o e .EI‘:T‘T = {BT

2V “4bn 2 Npa%ln

- 11, (4.10b)



7>

where & , A and n are given by eqs. (3.3ka)-(3.3%c), (3.33) and
(3.32), respectively.
Substituting eqs. (4.10a) and (4.10b) into egs. (4.8a) and (4+.8b)

gives
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Introducing the tyo functions
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cqs. (4.71a) and (4.11b) can be written as
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where (:i(a) andf¢98(b)
respectively.

Comparing eqz. (4.13a)
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¢, S (), (4.132)
G, B0, (4.131)

are given by eqs. (4.72) and (4.7b),

and (%.13b) with eqs. (4.5a) and (4.5b),

yields the fellowing two différential cquations for g?r(a) and
-k
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From which.<; >5 (Ef‘>or (a), C)ﬂ b) can be found by differ-

entiation. Using egs. (4.15a) and (4.15b), we get
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where ¢;ﬂ 2nd QDB e _piven by 2qss (4.122) and (4.12b), res-
pectively.
At low temnerapurdsuhedie 4}, and q} are small, eqsS.
a1

(Le162) cnd (4.16b) cadn/We expanded .in powers of qu and #}

give

(a™)

(e @) + QDB - e B L Ll (h172)

2__)-]-2

(p%) = 3+ wic2Be @I -l ieBen) g cee o (La17b)
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This gives the magnctization cos
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Ity oy = NySply 4By + DG Gl
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5 X ; " z o/ .
While at hich temperatures, (A_ ) an-:l{}j ‘) can be expanded in

.
-n

terms of CP- and Cl);i to give

4 = §aend]’, (4.194)
(3*) = 3@, (4. 19b)

J///

Therefore, the naﬂ"netl_.ul:.un ..‘téz/iéu temperatures has the form:

g Bcﬁbcamxb (t.20)

&:F:gg%ﬁo constants and applicd nagne-

bers A and B,

tic field H can be’m'htai;‘zé'c.ft .E;%;Q:“s\iii}-s;t'i\t_‘g?‘;infj eqs. (Le12a) and

DR %
* (4412b) into egs. %W e explicit dependence can

only be obtained adter the fonr-correlation functions (.“: ".&+)kz

(B_H+)1:a, (B“A"?>k: ant (-A-E*)]l:l have been gvaluated since th-c;y

appear in the Cbﬂ and {bB

“+J Resonance Susceptibility

- ——

(o}

Consider the case where the systen is perturbed by a cir-

cularly polarized field H, at right angles to the uniform steady

1

field H cliosen in the negative z--directicn. The comronents of

are
29
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i =
%

I;,I cos it, 1113_ = -H,] sinw t, :I'iz = G, (4.21)

Mhe perturbirg ifamiltonian ?&1 is therefore
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atinn te he switched on adiaba-

) 4 : v 5, (€ >0,€0) (4.26)



Duc to such a perturbation, the linear steady-state responze of

a syateit observable, z§<n> is thereforoha,
Sqay=2 L & 5™ (asp)) . . v (€20,620) (27)
fo

Introducing the magnetization of a ferrimrgnetic naterial as

» i — e + ] =T 7 / \i z “_1' ! 20
:l‘-‘t = ,‘l" 111y = LI‘_,AJU..B Ly u i + \113 1:‘ ..,' j ujy ('I’. U}

then the deviation of K duk %o, the perturbation should be,

according to cq. (4.27),

c + A5 -
§¢un) = o7 T et aiut HSTINNG) 1 (€7 0,65 0) (h.29)

Using =qe (&.24%) e have

5<H¢>=;ﬂraﬁt{ﬂ¢ «{Pv»rm»m +w¢<<LéV3>ﬂ s

h= =

(€ 7 0,e=0) (4.30)

L2
S.Ve Tyablikov, 0D. cite., ppe. 238-242,
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Y Fns T €t eint — it W
& <“+> SIe R te <<M+’v>)E=&416 L <<M+’V >)E=~w+i& =

(€ » 0,e-30) (4.31)

The linear complex marpnetic susceptibility per svpin,

X?(&J), is defined by

t4 W E
Sdn,y = v¥X gagnn e -t (4.32)
where N = N.+H. and
ATB
< J ‘-f — v Pn’
X () &/ / /XEEIDEE 1K W ), (4e33)

1 =0 BF .‘ v i 2 "
X (W) and X (W) being ealled the magnetic dispersion and
absorption factorsp resnectively.
Conparing equed) (4.31) with eatlifl.32) gives

]\\‘ I

1 X, () Crullodes (€7 0,650)  (k34)

B=oic?

(15 A ) o
where the factor ¢~ lwa he~r taken as unity.

Substituting eqs. (4.25a) and (4.28) into eqe. (4.34), we get

I8l g
g oo NE TR S gt 2 °B ] AP %)
X (W) = =TT (gypy)” %% (aTiaiM o + (Bgu)” JZ%{((BJ.,B:.Q 5
- = :‘4{'_' 5N el
+ (gppp) (aghy) 5 %% (CHEIR
+ (g, pn) (g p) f—E ZZ((B*'--'")) «(€>0,-0)
EiE S - | B B=t+ie Ez;,.35)
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The Green's
functions of ecgs. (3.508)~(3.30d) with a = b
Using the Fourier transiorme defined in cqge

kX = 0, oge (It.35) may be written as

2 NIE\. pp A
X, (6) =~ T (ByB)" = ALY + (E-:BME)
J/2
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ﬁ-.fh‘“ﬂ

+ (g pp)(sﬁnh)

BB
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.—n-.-..-..u

+ (u-\aﬁ )([_Ef'l )

(€ 7 0,€-30)

Bvaluating cq

resulting o2 into (4. 36) mive

aressions ef.

7(+(w> = - [:!(13) Y o m,i)(m-wz)

W= 12

whiere

N(E) =

B2 -
2%

= J(O)l(uqu ) M

6. (5.302)(5.30d) Gt &k = O and

¢a® © 4 (GBMB)E

Tunctions appearing in this equation zre the Greents

0.

(3.23)18 and taking

2

“J' eI

(AGE NG

((Hl_ "l{)) ] -

k=0 ,yE=w+i¢
(he36)

substituting the

(€ Y0,6-0)

(4437)

the numerator cxpression N(£) is given by

-
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( > + (E«" R “)(hzuj)j B (s >
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A L -

A S\&

25 (o]

(centinued)
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and wvhere u}1, W ., Erg, /veshettivelyy equal to E+, E defined

by eqs. (3.342)-(3.34¢)/ dvalueted at k& = 0, 14Cusy

(a.JT = e (4-393)
WY = e——ds (4e39L)
wherao
N N_\’
] - Z i -4
C = (G,-.L'!-EB)P—, ko [{;;‘I-}') J(C')<B > + '_Ti:') J(O)<A

v a, -1 (a*) Z Ik’ )"
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E \ T .
i I
ool 0P T s,
AT, K’ 2

2 j2

J(E’)(B"ﬁ+)k,] +£n(E=O) ) (4.40b)
where
\

n(k=0) = {J(O)<BZ} + J’<z>**““‘“‘,-; 2 J(E})<”*_E+>1.:']

x [J(@(:'\'a) YRR —ae T a/X57aM),,

L | M —
AT =

J. (4.4C¢c)

Equation (4.37) cdn be written a5

= . o ] - =1
X (@) = - [N(E) / .(LLJ»,["-LO-Z)J[(E"W»;;)- - (E-w)) ] >

=Gl 1G
€ » 0,630) (e l1)
Instecad of usipgl|the |Ldeatity
ol txe 36”7 = PO = I S (e 2y
E0,(EY0) - & ! el e

vhcre P dencter the principal pari and é:(:) is the Dirac delta
function, to get the Tcllowing exnressions for the dispersion

and absorption factors of the magnetic susceptibility, nanely,
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4 N(w ) 1 1 . (o
( = - i e il O I e .
Xy = =y 1%‘\?[ i | (kol3a)
7 (r‘-‘ ) N((.IJ' -
{ F= ——— i s W = - o e
X(w) =T r_,.lwzd( ) R t\(w W) [, (4.L3b)

we shuill assume that the evaluation of G and J,, zives both a

real snd imaginary part, l.e.,

ran
323
1

Ro iy + 128540 ® (4 Jhka)

I

&)y RC LY 5 il TR ) 5e (Lolilib)

Calling the rezl part Eo end the, imaginary part r y we find that

1 ﬁ.“.’.'.,,. T 1) i1 K (k. 452)
st 2 e 23RNSR o Saas + i Pa o (o 45D)
RSEE i T (B~E_,)" + 5 3E )"+ 1S

Substituting cqs. (4.45a) and (4.45b) into cg. (4.41) and equat-
ing real aand imaginary parts, we find that the dispersion and
absorption factors of the complex magnetic susceptibility are

piven by

I ( Fol i E=E .
X(w) = - & "’w B e mm‘-i’riﬁ] . (b.46a)
il (E E ) +1ﬁ1 (E—Eoe) +T’2 Fesic
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- H(E) P-} Ma
PR A : e £ 1
X () = W76 | (g )T (B8 )2aTe (4a46Db)
- ol 1 ~o02 L=+if

instead of by eqs. (4.43a) znd (4.43b).

Bquations (4. 46a) and (4.4%6b) are preferable to cas.
(4.13a) and (4.43b) sinca the observed line shapes heve more of
a Lorentzian line shape than a Dirac delta function shape. 1In
the absence of an applied magnotic field, since on¢ ol the two

D

resonant encrgies © OD»wo&lﬂlin,general be negative, only

o1
one absorption pealk ugulﬁfﬁefobsered. The width of the peal:
would be 2 measurenent /of Tj”ﬁhile tho-position of the peak
would be a neasureméniy a? Em,;"The values of the coupling const-
ants or the innortance oV the cor¥relaticn functions in deternin-
ing the magnetic prcpertiggﬂggﬁgﬁé spinecl ferrites couuld Dbe
determined by compﬁring,khg_mu;surchufdth of the resonance peak

with the imeginary g@fﬁ*e£MQQﬁAM(4:3§mﬁ or (4.,39%) and by compar-

ing the position “of the (peakiwith the rcal pevrt of the cquationz.
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