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SUBJECT: GROUP 63_ SEMINAR ON MAGNETISM. LI 

To: Group 63 Staff 

From: Arthur L. Loeb and Norman Menyuk 

Date: May 6, 1953 

In the previous note the magnetic c h a r a c t e r i s t i c s of a f e r r i t e a t 
absolute zero temperature vere d iscussed. In t h i s l e c t u r e the magnetic char­
a c t e r i s t i c s -of f e r r i t e s in the aeighborhood of the Curie temperature w i l l be 
i n v e s t i g a t e d and compared with the previous r e su l t s . , 

At a temperature s l i g h t l y below the Curie p o i n t , the spontaneous 
magnetizat ion can be approximated by the equation* 

p 

* * • # 

**+t* 
L I - l 

wherein ki 8 the pos i t i ve root of the equation 

(^^M-^^O k -/+ = o LI-2 

and F i s a function of 4 , equal to 1.4&6 for -1 
2° 

I f we define the term / \ . • 7^4^ - Tr*'. then I i s in the d i rec-

J£ s 

t ion of I when <A i s p o s i t i v e and i t i s in the same d i r ec t ion a s I, when 
as bs 

« ^ i s n e g a t i v e . 
* Derivat ion given in Appendix VII 
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* This factor £± changes sign when ~ri=-^. Substituting this value 
of ^Linto equation LI-2, we find that ^changes sign along the line given 
by the equation 

X ^ + 1) - >« (y3 +D = 0 LI-3 

This is the same line as that drawn in figure 107 (meeting 4-9) o 
At that meeting i t was found that equation XLIX-19, which is identical with 
equation LI-3, was the equation of the line along which the Curie-Weiss law 
of paramagnetism holds. We now see this line has a double significance, since 
i t also separates the region in which I is directed parallel to I ^ from the 
region in which f is parallel to f s at the Curie temperature„as 

The next problem is to determine in which of these two regions I 
predominates and in which region I predominates. a s 

OS 

If we start at a point on the line ^ = 0 and vary / ^ positively 
while keeping «4 constant, we go into the region above the line. Similarly, 
if we start at the same point and vary <**> positively while keeping /S con­
stant, we enter the region below the line. Therefore, let us determine the 
signs of 

at the line £\- 0, where the subscript represents the parameter which i s 
kept constant. 

Since ?\ = "=rp at the line Z\ = 0 

$k *A 
A-O Hf& J/3 
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The p o s i t i v e roo t of "^-, obtained from equation LI -2 , i s 

Thus 

S3 > Vf ^ ^ _ ^ + ^ 

Therefore 

iA->Oand^<0. 

Since 

<&-> >° 
and 

^ i s p a r a l l e l to I in the region below the l i n e ^ = 0 and I i s p a r a l l e l 
s _̂  as s 

to I, in the region above the l i n e ^ = 0. 
bs 

These r e s u l t s a re i nd i ca t ed in f igure 109, along with t he r e s u l t s 
previously obtained for 0°K. 
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This i s in f l a t con t rad ic t ion with the statement made by Neel on 
page 151 of h i s o r i g i n a l a r t i c l e . On t h a t page he s t a t e s t h a t A i s p o s i t i v e 
above the l i n e and nega t ive below the l i n e . However, Neel e s s e n t i a l l y con­
t r a d i c t s h i s own statement in the next paragraph, s t a t i ng t h a t below the l i n e 
I i s p a r a l l e l t o I , which i s cons i s t en t with the development presented above. 

-V3= - 1 

FIGURE 109 

In the region ASD of f igu re 109 the ne t magnetization I i s always 
p a r a l l e l to I , . In t h e region HSB, the ne t magnetization i s always p a r a l l e l 
to I . However, in the region DSH, ind ica ted by v e r t i c a l l i n e s , the 
d i rec t ion of n e t magnetizat ion changes as the temperature i s brought from 
absolute zero to the Curie temperature„ At the absolute zero, the ne t mag­
ne t i za t i on i s p a r a l l e l to L > while a t the Curie point i t i s p a r a l l e l t o I „ 

o a 

In t h i s reg ion , there must be the re fore some temperature between 0 K and the 
Curie temperature a t which the magnetization due to the A s i t e s and the B 
s i t e s cancel each o the r ou t . This t empera tu re ,8 c , i s c a l l ed the compensating 
temperature. The thermal va r i a t i on of the magnet izat ions due to the A and B 
s i t e s , along with the r e s u l t a n t magnetization i s shown in f igure 110 fo r t h i s 
case . 
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FIGURE 110 

Since the measured value of I i s always p o s i t i v e , the experimental 
curve obtained for the case depicted in f i g u r e 110 would appear as shown in 
f igure 111 . 
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FIGURE 111 
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