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Dig i t a l Computer Laboratory 
Massachusetts I n s t i t u t e of Technology-

Cambridge, Massachusetts 

SUBJECT: GROUP 63. SEMINAR ON MAGNETISM. L 

To: Group 63 S ta f f 

From: Arthur L. Loeb and Norman Menyuk 

Date: April 28, 1953 

At t h i s meeting the discuss ion of Ne^ls a r t i c l e , begun a t t h e p r e 
vious meeting, was cont inued. 

By analogy with simple ferromagnetic m a t e r i a l s , i t i s t o be expected 
t h a t spontaneous magnetization w i l l occur in f e r r i t e s below the Curie tempera
t u r e 0- . The observable sa tu ra t ion magnetization 1$ w i l l be the a l g e b r a i c sum 
of the*values of the two p a r t i a l spontaneous magnetizat ions corresponding to 
the A and B s i t e s . Since we are considering the case of a n t i - p a r a l l e l a l i g n 
ment of t h e spins of t h e two s i t e s ( £ = - 1 ) , I w i l l be equal to the a r i thmet ic 
d i f fe rence of the p a r t i a l magnet iza t ions . That i s , 

I s = " M 
as 

^ I bs 
L- l 

where I and i represent the spontaneous magnetization of the A and B s i tes 
respectively. These spontaneous magnetizations are Greated and maintained 
solely by the action of the molecular f ie lds TT and"? such that I and t* 
are solutions of the equation a as os 

fas " ^J 
Mh* 

a 
RT 

_ 

\ B " "J 
MfTb 

RT 

L-2 
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I t should be borne in mind t h a t the b racke t s in the above equations 
denotes "function of" r a t h e r than m u l t i p l i c a t i o n . Subs t i tu t ing the values of 
h and h, given in equat ions XLIX-10 and XLIX-11, the above equat ions become 

as j {JIT as ' b j r j 

\ . • mi f <M*»-3^ 
L-3 

The above equation w i l l be used in determining ti.e thermal va r i a t i on 
of the spontaneous magnet iza t ion. In p a r t i c u l a r , we sha l l consider the spon
taneous magnetizat ion and i t s temperature coe f f i c i en t a t 0 abso lu t e , and a t 
the Curie temperature <y- • 

At the absolute zero temperature the energy i s a minimum and i s given 
by 

V = - i > I . h - %Ml, • h, L-4 
• as a ' bs b 

where V i s the energy of a gram-ion of the m a t e r i a l . Subs t i tu t ing the values 
of IT and"?, given in equat ions XLIX-9 and XLIX-10 the above may be rewr i t ten 
in tne form 

n , , _ 2 T 2 „ _ . _ 2T 2X 

„ = _ - H 7 I „ • 2 ? ^ I a g i b s + / 3 ^ I b g ) L-5 

I and I, a re pos i t i ve and have a maximum value a t sa tu ra t ion equal 
to M. Ther t are four pos s ib l e so lu t i ons which w i l l minimize the energy V. These 
a r e : 

Case I . Mater ia l always paramagnetic; O- ^ 0 K 

I = I, = 0 
as bs 

Wj = 0 L-6 
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Case I I . Both I and *. a re equal to t h e i r maximum value , 
as bs n 

I = I . = M 
as bs 

2 
W n = J j - (-* > 2 + 2 / V ^ + / ^ M ) L-7 

Case III I has its maximum value while I, has the value which minimizes W. 
as bs 

as 

a -o.-cv"*/^*^ 

" J * x b 8
 = 

"in • " *£ ^ - « 7 * L-« 

Case IV I. has i t s maximum value while I has the value which minimizes W. 
bs as 

hs = " 

^ = o = -n (4 ?^2I + V M ) 
d l . . as ' 
* - . 

i a s " " > * 

wiv = - ' i - ^ 2 ^ - i ) w 
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Let us draw coordinate axes with /3 as the ordinate and «=»S as the abs
cissa, as in figure 108. ' 

PLANE WITH LINES DRAWN ASSUMING £ = - 1 AND;* = 5 

FIGURE 108 

From the equation for &p given at the previous meeting (equation 
XLIX-18) i t can be shown that <$̂  • 0 when -4/8= 1. The negative branch of 
t h i s hyperbola i s shown in figure 108. For » V 5 > 1 with both <**> and /& nega
t i v e , O < 0 and the material i s always paramagnetic. In t h i s region of the 
Wvfl curve, indicated b y © , solution I holds. 
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In the remaining regions of the °//S plane either WTT, W__T, or WTV 
will be the solution yielding the minimum energy condition. 
We must uow determine the regions in which each is a minimum. 

The maximum value I or I can have is M. When both equal M, Case 
II holds. For case III to as bs 

hold, I = M>I, . Therefore, 
' as bs ' 

Thus, Case III is limited to the region in which >tf<--^. When 

/3= -JSht Ib = M, which defines Case II. For /3 -^, I ~r M. Since this 

is impossible in view of the physical limitation of the magnetization, it is 
meaningless to speak of Case III in that region. Thus, in figure 108, WTTT is 
limited to the region below the line CE, on which A 7̂  

/ • -jar* 
Similarly, for Case IV to hold, I = M T I • Therefore, 

bs as 

M > - ^ 

!>-£> 

- < - * 

Case IV is therefore limited to the region left of the line CF, on 
which ^J £± 
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While the above cons ide ra t ions l i m i t the reg ions in which Cases I I I 
and IV can e x i s t , they do not prove t h a t these cases are e n e r g e t i c a l l y the 
most s t a b l e within the spec i f ied r e g i o n s . Case I I I w i l l e x i s t in region ACF 
only i f W r i I < W T T in t h i s r eg ion , and Case IV w i l l e x i s t in region BCE only 

i f WIV ^ - W - j in t h i s r eg ion . 

In region ACF: 

"nr wn " *F [*2<£ -*»•«<??•» ? ^ +/&*!! 

Since n i s p o s i t i v e , and the squared terms a re p o s i t i v e , and /3 i s 
n t h i s r eg ion , W - W i s n e g a t i v e . Thus nega t ive in . . m „ u 

W I I I * ^ W I I 

and case I I I e x i s t s in region ACF 

In region BCE: 

wiv - w n = ^r £~2&-/?)+ * ^+ 2
 'KM+A^} 
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w2 , -
nM 
2 ^ 

\yu2 + 2 -< V+- i>2 > 2 ] 

-f£ !>•-.>£] 

Since <»< is negative in this region 

vIV <cwn 

and Case I I e x i s t s in region BCE. 

Direct ion of Magnetization 

Upon measuring the value of the sa tura t ion magnetization in the p r e -
in ex t e rna l f i e l d only the 

ll I =| > I ->*r I, I s| I as s^ bs I ' 

sence of an ex te rna l f i e l d only the absolu te value of I i s obta ined . Since 
* s 

a study of the r e l a t i v e magnitudes of "AI ( a n d ^ . 1 in t h e var ious regions of 
f igure 108 w i l l show whether the 
magnetization in the A or B s i t e s predominates in these r eg ions . 

LeJ^us adopt a sign convention wherein I i s pos i t i ve when i t i s p a r a l l e l 
t o T , and I nega t ive when a n t i p a r a l l e l t o ~T . S Then we f ind : 

3.S S ELS 

I Region ACF (Case IV) 

Is = v A M -^r=--^ M <1+i) s 
I 
M - r ^ > 

Since <* < - ^ " , ^s > -J* 

Thus - , ^ < 7 \ a n d - j f "^ ^ 

jjf-v— 3 < -/*•> 
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IS^M ~> 7N, I <. 0 , so t h a t the n e t magnetization i s in the d i rec 
t ion of L . s 

be 

I I Region FCE (Case I I ) 

I = 7\ H-yuH = H(^^u) 

rf->r>«< ° 

Therefore, i f ?s <^/«*, I i s nega t ive in t h i s region a l s o , and the ne t magne
t i z a t i o n i s in the d i rec t ion of I . . 

bs 

I I I Region BCE (Case I I I ) 

I s = > M + ^ 1 = ^"d+Tf) 

T = > ^ 

In t h i s reg ion t f t can be smaller or g r e a t e r than - 1 . For the case 
/ ? > - l , 1 <L - 1 and I i s n e g a t i v e ; for /3 <. -1, 1̂  ^ . - 1 and I i s p o s i t i v e . 

The l i n e SH in f igure 108 rep resen t s the equat ion/^* = 1 . Above 
t h i s l i n e I s i s t he re fo re in t h e d i r ec t i on of l b s , and below t h i s l i n e I s i s 
in the d i r ec t ion of I 

as 

IV Region ACB © (Case I) 

In this region both I and I are zero. 
a s by 

Summarizing, I i s in the same d i r e c t i o n as I, throughout the r e 
gion HSA. and i t i s in thf d i r e c t i o n of I in t h e regioft3 HSB. 

as 
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The r e s u l t s obtained in t h i s session are summarized in t a b l e I . 

TABLE I 

Region 

ACB © 

ACF 

FCE 

ECSH 

HSB 

Solution of 
Minimum 

Energy 

W 
" i 

V IV 

" l l 

V 
III 

W I I I 

M 

I 
as 
M 

i 
s 

M 

ALWAYS PARAMAGNETIC 

1 

1 

1 

1 

1 

-7* 

v-Utfe 

7 s - ^ 

>tufc 
Mijh 

Direct ion 
o f I s 

hs 

hs 

Vt 

I 
as 

ALL/NM:jrt 

Group 62 (20) 

Signed 

Approved 
David R. Brown 
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